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a. Signal (Signal), 403 pages, written by Igor Andreyevich Poletov and 
published by the Sovetskoye Radio Publishing House in Moscow in 1958. 
Tt 1s intended as a general reference on cybernetics for a wide 
reading public. | 


b. Chastotnyye Metody v Avtomatike (Frequency Methods in Automation), 490 pages, 
represents a collection of foreign articles on the use of frequency methods 
in the solution'of some problems of automation. It was published by the 
Foreign Literature Publishing House in Moscow in 1957. 





ec, Teoriya Korrelyatsii i eye Primeneniye k Analizu_ Proizvodstva (The 
Correlation Theory and Its Application to Analysis of Productivity), 


387 pages, written by Yakov Ilich Lukomskly and published by the State 
Statistical Publishing House in Moscow in 1958. It expounds on the 
fundamentals of, statistical studies utilized for a study of the inter- 
relationships of values, which are involved in the scientific analyses 
of experimental, and computed data of various enterprises. 


d. Elektromekhanicheskiye Rele (Electromechanical Relays), 354 pages, written 
by Fayvel Aronovich Stupel, and published by the Kharkov State University 
Press, Kharkov,in.1956. It describes the fundamentals of the theory and 
engineering meehode of computation, as well as the design of electromechanical 
relays and mechanisms having various principles of operation, e.g., 
electromagnetic, inductic., magneto-eleciric, and others. 

















> 
(a) Terminologiya Rele (Term:nology for Relays), 42 pages, compiled by the 
yCommittee for Technical “srminology, Academy of Sciences, USSR, and B 
plished by the Academy of Sciences,USSR, in Moscow in 1958. It contains = 
Core Gy nglish, French,and Germ.1 terminology, “or recommended Soviet 
erminology. 
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f. Elementy Elektroavtomatiki i Rascheta Samoletnykh Elektricheskikh Sistem 
(Elements of Electro-automation and Computation on Aircraft Electrical 
Systems), 118 pages, a collection of articles stemming from work done at 
the Moscow Order of Lenin Aviation Institute i/n S. Ordzhonikidze, and 
represents issue No. 85, of the "Trudy" of the Institute. It was 
published by the State Publishing House for the Defense Industry, in 
Moscow in 1957. 





iG omatizatsiya Perevoda s Odnogo Yazyka na Drugoy (Automatic Translation 
Languages), 34 pages, was written by D.Yu. Panov, A.A. Lyapunov, and 
1.S. Mukhin, and apparently represents the gist of a plenary meeting 
of the session on Scientific Problems of Industrial Automation. It was 


published by the Academy of Sciences in 1956. 


CY) @ Avtomaticheskogo Perevoda na Elektrannoy Vychislitelno Mashine BESM 
(Experiment in Automatic Translation Utilizing the BESM Electronic 
cere Computer) 28 pages, written by I.S. Mukhin and published by the Academy 
zw of Sciences in Moscow in 1956. It briefly represents some of the 
procedures followed by D. Yu. Panov, et al.,at the Institute of Precision 


Mechanics and Computer Engineering, beginning in January 1955 when they 
utilized BESM equipment to translate ~ English into Russian. 





i. Certain Works in the Sphere of Computing Technique, 20 pages, is an 
English-language version of a pamphlet written by Academician S.A. 
Lebedev and published by the Academy of Sciences in 1956 on various aspects 
of the BESM installation. Some circuitry diagrams and photographs are 
given. 


The above publications may be considered unclassified when detached from the. covering 
report. ne 
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- brechures of Soviet equipment, and miscellaneous 95X14 
pamphlets 
Y 1. Automatic photo-colorimeter for nitrogen oxide determination 
(Russian). 
2. Small brightness photometer (Russian, French, English, German). 
"3 Compressed air rie units for pilezometric measuring 
equipment (Russian). 
4, Vacuum diffraction spectrograph (Russian, English, French, 
German). | | 
5. Quantometer, a photoelectric apparatus for emission spectral 
analysis (Russian, Emglish, French, German). 
Vv 6 Luminous spectrometer (Russian, French, English, German). 
/ Ts Diffraction spectrograph (Russian, French, English, German ). 
A Equipment for measuring, registration ,and automatic 
regulation of air pressure (Russian). 
9. Electrochemical gas analyzer for sulphur gas (Russian). 
/ 10. Photoelectric steelometer (Russian, French, English, German). 
Vil. _ Objective ‘photoelectric eoler comparator (Russian, French, 
English, German). 
12. | Photometer for Suminescent analysis (Russian, French, 
English, German). 
13. Universal photometer (Russian, French, English, German). 
Russian, French, English, German) . 
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Autdmatic gas analyzer (Russian), 


Infraered spectrometer (Russian, French, English, German). 





Candlespower meter for meaeuring light flashes (Russian, 


French, English, German) 
Quartz spectrograph (Russian, French, English, German). 


Interferometer (Russian, French, English, German). 





Electromagnetic valwe (Russian). 
Neutralization acid/base/ regulator (Russian). 


Regulatory valve with piMmmumatic membrane and Seceseoxy mechanted 
(Rugsian). 


Concentration meter for ‘sulphuric act and fuming sasha 
ac id (Russian). 


Magnetic gas analyzer (Russian). 


‘Stem position regulator for use with a pneumatic valve 


(Russian). 
Pneumatic indicator of liquid flow (Russian). 


Slit liquid flow meter (Russian). 


Visual spectral #teeloscope (Russian, English, French, German ). 





Spectro-photometer (Russian, French, English, German). 


High speed photo mecondine ‘apparatus - (Russian, French, English, 
German). 


Spectrograph (Russian, English, French, seamen): 





Spectroprojector (Russian, French, English, German). 


Thermoconductometric gase anglyzer, (tusetan). 
| 


Thermochemical gas apaiyder (Russian). 


Industrial /Closed-circuit] TV ee (Russian, French, English, 
German). 


Used for determining hydrogen ion concentration with the aid of 
thick walled glass electrodes (Russian). 





For investigating rapid exponential and non-exponential processes 
of decay and rise of luminescence and photo conductivity 

which are excited by periodical square light impulses produced 
by p mechartical light modulator. 


developed by the Academy of Sciences,USSR (Russian, French, 


English, German). 
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/ 39. Diffraction gratings - Technical specificationa for plane and concave 
gratings on aluminium hyers, concave gratings on giss#, and echelettes 
qu .metel specimens (Russian) German, French, ERglish). 
-4O. Spectrompopic investigations of the structure and composition of 
matter, 13 pages, (ErigIiah). | | 
Al. Ragulater fer progr al control of Periodic chemical processes 
ke. Short-wave aolar radiation (Russian, French, English). 
43. Self-limiting regulatory system for automatic search of a regime on the 
basis of given indicators, for use in the chemical industry (Russian). 
V Ah, The Peaceful Uses of Atomic Energy, a 31-page English-language 
45, Antomatic recording cloud cellometer, developed by Dr. Ing. Frank | 
-Fruengel, GmbH Hamburg-Risser (English). 
The attachments may be treated as UNCLASSIFIED when detached from the covering 
25X1 
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L’appareil est destiné a !enregistrement photographique 
des spectres dans la région de l’ultra-violet a vide de 500 


3 2000 A. Il est construit d’aprés le schéma de I’incidence 
normale des rayons sur le réseau de diffraction. 

élément dispersant: le réseau de diffraction de 
100 X 60 mm, de 1200 traits per mm est porté sur une 
couche d’aluminium déposée sur le verre ayant le rayon 
de courbure de 3000 mm. 


La dispersion linéaire inverse est pres de 3 Almm. 

Le chassis de 200 X 35 mm doit étre chargé d’une 
pellicule souple. 

Le chassis une fois chargé on peut photographier cinq 
spectres, de 3 mm de hauteur environ. Le chassis est réglé 
sans perturber le vide. La fente d’entrée est amovible et 
démontable. 

La largeur de l’ouverture doit étre réglée sous le mi- 
croscope. 

Entre la fente d’entrée et le corps du spectrographe 
est fixée une soupape a vide qui permet de régler la source 
et la fente sans perturber le vide dans l'appareil. 

La source lumineuse est connectée 4 la bride de la 
fente a travers un joint étanche a vide demontable. 

Le vide est de l’ordre de 10° mm Hg. 


Pour les conditions des livraisons adressez-vous: 
«STANKOIMPORT >», Moskva, G-200, Smolenskaja- 
Sennaja ploshchad, 32/34. 


SECTION DE L’'URSS A L’EXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 
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The instrument is used for photographic recording of spectra 
in the region of vacuum ultra-violet from 500 to 2000 A. 

It is designed according to the diagram of normal beams 
inciding on the diffraction grating. 

The dispersion element is the grating of 1200 lines per mm, 
100 X 60 mn; it is ruled on aluminium layer on glass (curva- 
ture radius|— 3000 mm). 

Reverse linear dispersion is about 3 A/mm. 

The adapter 200 X35 mm is loaded with film on a flexible base. 

5 spectra 3 mm high can be obtained without reloading the 
adapter and breaking the vacuum. The slit can be taken apart 
for cleaning. Its width is adjusted with a microscope. 

Behind the slit a vacuum valve is provided whereby the light 
source and slit may be installed without breaking the vacuum. 

The light source is connected to the flange of the slit through 
a dismountable vacuum seal. 


Vacuum is about 10° mm of mercury. 


For delivery terms apply to “STAN KOIM PORT”, 
Moskva, G-200, Smolenskaja- Sennaja plosbchad, 32/34. 


USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 
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M-DIFFRAKTIONS-SPEKTROGRAPH 


J@®C-3M 


Das Gerat /[®C-5M ist fiir die photographische Registrierung 


2000 A bestimmt. Es ist nach dem Schema eines lotrechten 


— Spektren im Bereich von Vakuum-Ultraviolett von 500 A 


ahlen-Finfalls auf das Beugungsgitter aufgebaut. 


— Als Dispergator dient ein 100 X 60 mm= Gitter mit 1200Teil- 


en/mm. Es ist auf einer Aluminiumschicht eingeschnitten, 
auf Glas aufgetragen war (Kriimmungsradius 3000 mm). 
ie reziproke lineare Dispersion betragt ca. 3 A/mm. 


een —— aa ohne dai das Vakuum gestort wird. Der Eintrittspalt 


— Das Vakuum betragt ca. 1O-> mm Q.S. 


—— 





ie 200 * 35-mm-Kassette wird mit einem Photomaterial 





iegsamer Unterlage geladen. 


hne die Kassette umzuladen, kann man funf Spektren mit 












Hohe von ca. 3 mm photographieren. Die Kassette wird 


nehmbar und zerlegbar. Die Offnungsweite wird mit 

ines Mikroskops eingestellt. 

ischen dem Fintrittspalt und Spektrographen-Gehause 

Vakuum-Ventil angeordnet, das es gestattet, die Licht- 

und den Spalt einzustellen, ohne dafS das Vakuum im 

graphen beeintrachtigt wird. Die Lichtquelle wird an 
sch des Spaltes durch die zerlegbare Vakuum-Dichtung 








| | 





lle Lieferunesanfragen sind an ,STAN KOIM PORT’, 
va, G-200, Smolenskaja-Sennaja Ploschad, 32/34 zu richten. 


i} 
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B«b>M-57 est un photometre visuel pour la détermination des brillances de 
différentes sources de lumiére (luminophors, émanations luminescents, materiaux, 
constitutions de lumiere etc.). 


L'instrument mesure: les brillances equivalentes (l'idée, proposee par le pro- 
fesseur A. A. Guerchun); brillances ordinaires (normaliseées). 


La construction de l'appareil prévoit les particularites de vue a l’adaptation 
aux brillances basses. 


L'emmanchement téléscopique permet de mesurer la brillance des naturels 
éclairages nocturnes, des installations de signalisations optiques, des couvertures 
de camouflage vertes etc. 


Le champ photométrique — triple circulaire, dimension angulaire 28°. Pupille 
de sortie 8 mm. Le moindre champ visuel linéaire de l'instrument est 12 mm. 


Trois vitesses de déplacement du coin photométrique assurent la méme com- 
modité et exactitude du mesurage de basses, moyennes et hautes brillances. 


PHOTOMETRE 
L’assortiment de l'appareil contient: 
DES BRILLANCES grand assemblage de filtres colorés pour la mesure 


de la brillance des surfaces colorées; 
BASSES filtres colorés neutres avec la courbe correctionelle 

spectrale de transmission; 

l’'absorbent tournant pour l'affaiblissement neutre de 

la brillance mestree; 

les emmanchements pour le mesurage de la brillance 


des luminophors et des surfaces ecartees, 


CARACTERISTIQUES TECHNIQUES 


Limites de mesurage, apostilkes 





des brillances basses... 0,0001-—25 
des brillances hautes. . . 25-100 000 
Erreur de mesurage, "', ioe 2-5 
Encombrement, mm: 
de l'appareil. . . . . . 200x270x 450 
de l’installation alimentaire 170x170 x 230 
de l’absorbant tournant. . 150 x 200 x 240 
Pour Jes conditions des livraisons neigs, “Kos ; 
adressez-vous: de l'appareil. . . . = 6 
«STANKOIMPORT-~, Moskva, G-200, de J’instollation alimentaire 3 
Smoltenskaja-Sennaja Ploshchad, 32 34. de |'absorbant tournant. . 2,5 


SECTION DE L'URSS A L'EXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 
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The B«DM-57 is a visual photometer designed for determining the brightness 
of various sources of light (luminiferous substances, luminiscent radiations, 
luminous materials, mixtures, etc). 

The apparatus measures equivalent brightnesses (the notion was offered by 
prof. A. A. Ghershun) and usual standard brightnesses. 

The apparatus design has been made with taking into account specific features 
of vision in its adaptation to small brightnesses. 

The telescopic headpiece makes it possible to measure the brightness of 
natural illumination of objects at night, the brightness of light signalling installa- 
tions, the brightness of green masking covers, etc. 

The photometric field is trippleannular; the angular size is 28°. The eye-piece 
outlet pupil is 8 mm in diameter. The least linear field of vision of the apparatus 
is 12 mm. 

Three speeds at which photometric wedge is moving provide equal conve- 
niences and accuracy of measurement of small, mean and large brightnesses. 


PHOTOMETER 
The following accessories are attached to the 
apparotus: O F SMALL 
a numerous set of coloured light filters for measu- 
ring the brightness of coloured surfaces; BRIGHTNESSES 
neutral light filters with corrected curve of spectral 
passage; 


a rotary absorber for neutral weakening of the 
brightness measured; 


headpieces for measuring the brightness of lumini- 
ferous substances and of remoted surfaces. 


SPECIFICATIONS 


Limits of measurements, asb: 





weak brightnesses . . . . 0.0001-—25 
strong brightnesses . . . 25-100,000 
Measurement error, "4. 2. 2. 2-5 
Overall size, mm: 
apparatus... . . . . 200x270 x 450 
feeding unit . . . . . . 170x170x 230 
rotary absorber. . . . . 150x200 x 420 
Weight, kg: 
apparatus... .. . 6 For delivery terms apply to 
feeding unit 3 “STANKOIMPORT", Moskva, G-200, 
rotary absorber . 2.5 Smolenskaja-Sennaja Ploshchad, 32 34, 


USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 
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B«DM-57 ist ein Fotometer, der zu Helligkeitsmessungen verschiedenartiger 
Lichtquellen (Tageslichtlampen, |unimeszierende Materialien, leuchtende Zusam- 
mensetzungen und drg.) geeignet ist. 


Das Gerdt ergibt ,equivalente Leuchtdichten” (ein von Prof. Gerschun vor- 
geschlagener Begriff) und auch Ubliche (standartisierte) Leuchtdichten. 

Die Ausfiihrung des Gerdtes tragt Rechnung der Seheigenschaften, die mit 
der Adaptation der Augen bei schwacher Beleuchtung verbunden ist. 

Ein teleskopischer Ansatz dient zu Messungen der nattrlichen Nachtbeleuch- 


tungsstdrken, der Helligkeit der Lichtsignalanlagen, des Leuchtens der grunen 
Tarnungsuberzuge und drg. 


Das fotemetrische Feld besteht aus drei Ringen, Winkegrofe — 28°, Ausgangs- 
pupille 8 mm, das kleinste lineare Sehfeld betragt 12 mm. 


Drei Umstellungsgeschwindigkeiten des optischen Keilvorsatzes sichern das 
bequeme und genaue Messen der kleinen, mittleren und groBen Lichtstarken. 


Zum Gerdt gehGren: 


ein voller Satz verschiedener Farbenfilter zurMessung 
FOTOMETER cier Lichtstarke der farbigen Flachen; 
F 0 R KLE | N E ein neutraler Lichtfilter mit Korrigierung der Dis. 


persiondurchlassigkeit; 


Li CHTSTA R KEN ein rotierender Lichtabsorber zur neutralen Vermin- 
derung der zu bemessenen Leuchtdichte; 

Ansadtze zum Messen der Leuchtstarke der Tageslicht- 
lampen und der entfernten Flachen. 


TECHNISCHE DATEN 


Grenzen des Messbereiches, Apostilb: 


kleine Leuchtdichten . . . 0,0001-—25 
groBe Leuchtdichten . . . 25—100 000 
Fehler in der Messung,",.. . .- 2-5 


AuBere Abmessungen, mm: 
des Gerdtes . .... . 200x 270x450 
der Energiezufuhrvorrichtung 170x170 x 230 
des rotierenden Absorbers . 150x200 x 420 


Gewicht, kg: 





Alle Lieferungsantragen sind an 


STANKOIMPORT", Mosk G-200 des Gerdtes .....- 6 
" , Moskva, G-200, 

Smolenskaja Sennaja Ploshchad, 32°34, der Energiezufuhrvorrichtung e 
ru cichten, des rotierenden Absorbers . 2, 


ABTEILUNG DER UdSSR AUF DER ALLGEMEINEN WELTAUSSTELLUNG IN BRUSSEL 1958 


Brenrropris lar, makas N 2UsS- 26 
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INSTALLATION PHOTOELECTRIQUE 
POUR L’ANALYSE SPECTRAL 
D'EMISSION A®C-10 


L’installation photoélectrique HOC-10 est desti- : 


née a l’analyse spectrale ids ir 
metaux et des alliages. ae: 







Lréquipement est réglable 2 4 ines pe Pro- 7 


- grammes analytiques et dans chaque program 
peut doser jusqu’’ 11 éléments. ’La ene aeur ter 
ment quelconque est déterminée pat Ie mesu 
logarithme du rapport du flux de lar raic fun élé- 
ment analysé au flux de la raie decoy a parkison. 


L’exécution de Hanalyse est automa i bed partir 
du moment du branchement de la source : lumineuse 
jusqu’a la lecture des résultats de mesure.’ 





nutes, 


Encombrement, mm: . 
appercil spectral. 2 2. 1... | 4800 x 13002800 
dispositif Glectrique de mesure... 1100 x 2100x 2300 

Poids, kg: se he 

disposicif Ayre de mesure 








Pour le dosage de 11 éléments il ne out que 2 mi- 





Appareil spectral 4 réseau concave 
de diffraction (rayon de courbure2m, 
1200 traits per mm, dispersion linéaire 
4,2 A/mm en ordre I-ier). 


L’installation a 36 canaux récep- 
teurs. 


Lors du réglage de l’appareil, les 
fentes de sortie sont ajustées aux raies 
spectrales 4 analyser et sont fixées a 
demeure. 


Comme récepteurs sont utilisées 
les cellules photoélectriques 4 vide a 
antimoine-césium CI[B-9 4 fenetre en . 
uviol, qui assurent le fonctionnement 
de installation dans la région de- 
2200-5500 A. os 

Le dispositif d’ enregistrement et 
de réception a un canal-de mesure: un. 
voltmétre logarithmique 4 impulsion. 
Les condensateurs d’accumulation 
sont connectés en série 4 ce voltmétre 


- 4 Paide d’un schéma A relais. Le résul- 


tat de mesure est enregistré sur la 
bande du potentiométre électronique 
OFHI-09. Avec un réglage approprié. 
de l‘installation on peut enregister les 
résultats de l’analyse directement en 
pourcentage de la teneur en dlément. 

On utilise comme source lumineuse 
un générateur 4 commande élec- 
tronique de l’impulsion d’amorcage 
TOY-1, Le générateur assure une 
haute reproductibilité des conditions 
de la décharge dans les régimes de !’arc 


4 courant alternatif, de Pétincelle de. 


basse tension et du décharge a tae 
sion. 


Pour les conditions des livraisons 
a adressez-vousse STANKOIMPORT», 
- Maskoe, -~ Smolenshaje- ‘Semaja 
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PHOTOELECTRIC APPARATUS FOR EMISSION 
SPECTRAL ANALYSIS (QUANTOMETER) [®C-10 


The {®C10 photoelectric apparatus is 
designed for express quantitative spectral ana- 
lysis of metals and alloys. 


The installation is adjusted according to 12 
various analytical programs, each program 
permitting determination of the contents of 
up to 11 elements. The content of an element 
is determined by measuring the logarithm of 
ratio of the radiant fluxes of lines of the ele- 


ment undef? investigation to the lines of the 


internal standard. | 
The analysis proceeds automatically from 


the moment the light source is switched on up | 


to the time when results of measurements are 
obtained. - : 

It takes 2 minutes to determine the compo- 
sition of 11 elements. . 

The spectral instrument has a 2 m concave 
diffraction grating (1200/lines per mm, reverse 





“dinear dispersion 4.2 A/mm in the first order). — 
The installation has 36 receiving channels. | 
When adjusting the instrument, the exit slits =~ 
are set on the spectral lines under study and 


are rigidly fixed. 


_Antimonium-cesium I[CB-9 ae 





cells with windows of uviol glass are used as 


receivers, making it possible for the installa- 
tion to operate in the region of 2200—5500 A. 


The receiving and recording arrangement 
has. only one measuring channel — a loga- 
rithmic impulse voltmeter. The accumulator | 
condensers are connected in series to it by 
means of a relay circuit. The result of the 
measurement is recorded on the strip of the 
JIN-09 electronic potentionmeter. Under a 
certain adjustment the results of analysis may 
be recorded directly in per cent composition 
of the clement. 


A YO¥-1 generator with electronic control 
is used as a source of light. 


The generator ensuresa high seproducibilicy : 


of discharge conditions in a.c. arc, weihbed a 


| oer, and = achisin a 

Overall 1 didaensions, mam | o2., 
spectral Gaeaiest. a a oe ae 4500 x 1300 x 2500 
electromeasuring arrangement . 1100x 2100x2300 
generator a a ee 800x 600x 200 

Weight, ke: 
spectral instrument . . 3000 
electromeasuring arrangement . 500 
generator. « «© « « « « » 160 


For delivery terms apply to 
“STANKOIMPORT”, 
Moskva, G-200, Smolenskaja- 
Sennaja ploshchad, 32[34. 








USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 
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PHOTOELEKTRISCHE ANLAGE : as 
FUR DWH EMISSION SPEKTRALANALYSE J\®C-10 


(Me photoelektrische Anlage J[@C-10 ist fiir die quantitative cba 
SpektgAlanalyse von: Metallen und Legierungen bestimmt. 


Die\Anlage wird auf 12 verschiedene Analysénprogramme. Siiseveelie wo- 
bei ig jed¢m Programm bis zu 11 Elemente bestimme werden kénnen. Das Ge- 
haltfan Elementen wird bestimmt durch die Messustg vom Logarithmus des Ver- 
halfnisses, der Licht-Stréme von der Linie des zu analysierenden Elemerits und 
d@gLinie des inneren Standards. | 


Der Analyseprozef} ist vom nsenbltck der Einschaltung der Lichtquelle 
bg zum Emptang des Analysenergebnisses automatisiert. 


Die Bestimmung des Gehalts an 11 Elementen erfolgt binnen 2 Minuten. 


Das Spektralgerat besitzt ein konkaves Diffraktions-Gitter (Kriithmungs-’ | “ 
adius 2 Meter, 1200 Str/mm, lineare Dispersion 4,2 A/mm in der ersten Ord- | -***') 
nung). : « 

Die Anlage besitze 36 gpnpeaciane 


Rie Eintritesspalten werden bei der Einstellung des Gerats auf die erforder- 
lichen Spektralfinien slagestelle und starr festgelegt. 


Als Empfanger wetden Antimon-Casium-Photozellen CI[B-9 mit Uviol- 
Fenstern angewandt, die den Betrieb der Anlage im Bereich von 2200—5500 A 
gewahrfeisten. | = 


Die Empfangs- Registieranlage besitzt einen Mefkanal — einen ‘Yogaritl: | 
mischen Impuls-Spannungstnesser. In Reihe damit werden durch eine Relais- 
schaltung Sammelkondensatoren geschaltet. Das Mefergebnis wird auf dem 
Papierstreifen des automatischen Petentiometers JIIII-09 registriert. 


Bei der entsprechenden Einstellung der Anlage konnen die Mefergebnisse 
deNAnalyse unmittelbar in Prozent-Gehalt des Elements registriert werden. 


AX Lichtquelle wird in der Anlage ein Generator mit elektronischer Ziind- 
impuls-SNuerung TOY-I angewandt. Der Generator gewahrleistet eine hohe 
Wiederholbarkeit der Entladungsverhaltnisse in den Regimen: Wechselstrom- 
lichtbogen, Ntederspannungsfunken und Impulsentladung. 


AuSenma$e, mm: 


Spektralapparat . . . . . . . . « « 4500x1300 x 2500 
 Elekerische MeBanlage . . . . . ow ) . ) « 1100x2100x2300 
Generator . . . . . . we ee ee) 800K 600x 200 
* Gewicht, kg: ; 
Spektralapparat . . . . 2. . « « . 3000 
Elektrische “MeéBanlage™ So nes. eh ne et ae SOCr « 


Generatenr . . ww. ww we ew we) 160 





Alle Lieferungsanfragen sind an ,STANKOIMPORT*, 
Moskva, G-200, Smolenskaja-Sennaja Ploschad, 32[34 z 
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JIAEKTPOXUM MUECKUN 
TA3Z0AHAAN 3ATOP 


 THTA 
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HA CEPHUCTDbIN TA3 


FOCYAAPCTBEHHbIM HOMHTET 
COBETA MHHMCTPOB CCCP No XHMMH 
- MOCKBA- 
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INEKTPOXUMYUYECKHNM TASOAHAJIN3ATOP 
tuna 9XT-3 
HA CEPHHCTbIN TA3 


a Se ra3soaHasn3atop Tuna OIXI-3 npezcras- 
Jise?T coO6ol cTauwvOHapHbid aBTOMAaTHYeCKHH TIpHOop MIA 
HCHPCPbIBHOTO OpeesIeHHA B Ta3OBbIX CMe€CAX MAaJIbIX KOHILCHT- 
PauwHH CepHHCTOrO aHrAApHila. 

JlclicTBue ra30aHaH3aTopa OCHOBAHO Ha MpHHILAMe 2IEKTPO- 
XHMHUYCCKOH KOMM€HCALLHH, 3aKIOUaIOLNeHCH B HeMpepblBHOM 
THTPOBAHHH CepHHCTOTO AHFHApHAa HOOM, KOTOPbIH 3/IeKTPO- 
JHTHUCCKH BbILCIACTCH H3 HaxOLalkeroca B mpHOope pactTBopa, 
eOcopOnpyloulero aHaIH3HpyeMblH ra3. IIpH mocTOAHHOM pac- 
XOAC PasoBOH CMecH NOKa3saHHH MphOoOpa MpPONOpWHOHaJIbHb! 
TOKY 3€KTPOIH3a; YIpaBJICHHe TOKOM IIPOH3BOAHTCA 110 MOTeH- 
Hay WwaTHHOBOrO 3/eKTpOa, NMOPpyKeHHOrO B PaCTBOP JJTEK- 
TPOMHTA, | 

B 3aBHCHMOCTH OT YC-IOBUH MpHMeHeHHA, ra30aHa/IH3aToOp BbI- 
nyckaeTca B TpeX MOAMMHKAaUHAX: 





Mo jidnka- 
IU Paso 
WHAaTNZaTOpa 


OUNCTHCeE YOTPGHcCTBO, TO. TABJIAC MCe 
Hasianenie COBMeCTHO ¢ Pa30aHasH3aTCPOM 











IAT-3A pan 8 cepnucroro amrag-; (Be NOrmOTHTCAbHbIe KOJIOHKH H3 
i) 


pijla B ra3OBbIX CMecHxX Nocle;  WeprxxaBerouley ctTamH. [Tpeznas- 

KOHTAKTHPOBaHHA (B HpOH3BOL- HaveHbl AIH OUNCTKH [Ta3a OT 

CTBC CUPHOH KUCJIOTHI) CepHOrO aHrH Apna noBpapennon 
COuIBK) 


QAT-3Bb | Onpedesenne cepuieroro arid | QaekTpopusbTp jWIA OYHCTKH rasa 
pHa B TaBOBbIX CMCCAX CePpO-| OT MCAKOANCIePCHOH 3OVIbI 
yaBANBaIOULAX yeTaHoBoK TOLL 





OSAT-3B | Onpejlemcune cepHicroro aHrHy- | Ouncruble = ycTpovecTBa = He = MOC- 
pHJla B Ta30BbIX CMeCAX MpOYHX, TaBJIMIOTCH 

WpouspoycTR (cM. Ww. 7 TeCXHH- 
yeckOH XapakTCpHCTHKH) 








— ee  -  C- a ma a se nn a eee 





B KOMIUIe€KT MOCTaBKH razsoaHaH3aTopa THA OXI-3 BxXOAAT: 

a) JLATUHK; 

QO) HCTOUHHK CTAOHJIM3HPOBaHHOrO MHTAHHA, 

B) BIOPHYNbili pH6op, H3rOTOBJICHHbIM Ha 6a3e 3IeEKTPOHHOrO 
pOTCHUHOMeTpa THHA OITA; 

tr) OUNCTHOC YyCTpOHCTBO (MOCTaBJAeTCH B 3ABHCHMOCTH OT 
VC IOBHH IIPHMCHCHHA Ta30aHaTH3aTopa) ; 

fl) BOAOCTPYHHbIM HAaCOc HIM BO3AYWHbIM 9KeKTOP (MOcCTaB- 
ISCTCS IO OTL@JIbHOMY 3akKa3y). 
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TEXHHYECKAA XAPAKTEPHCTHKA 


1. UWkana ra30aHaiH3aTopa 0O—0,5% SO». uan O—O0,1% SO, 
(mkata O—0,1% —aaa Monudukaunh DXT-3B u OXT-3B). 

2. OCHOBHaA MOrpeuIHOCTL NOKa3aHHH La3s0aHaJH3aTopa He 
mpeBbiliaer £5% OT MaKCHMaJIbHOrO 3HaYeHHA LWIKAVJIbI. 

3. [IutaHne oT ceTH NepeMeHHOrO ToKa HanpsxKenHem 220 @ 
= 10%; uactora 56 eu +1%; norpe6semMaa MoWHOcTb ~ 150 er. 

4. Bpema 3ana3QbIBaHHA HauaJia pearHpoOBaHHa HM BpeMA ycTa- 
HOBJICHHA NOKa3aHHH raso0analn3aTopa (6e3 yyeTa 3alla3bIBaHHA 


3a C¥UeT ra30NOABOAAULeH JIHHH): 











Mogu@ukanna Bpema 3anasabisanua ; Bpemsa ycranoBse- 
PasCab ass a= Havana pearMvpoBaHHsl HHA NOKa3sanHit 
TOpa 
IXT-3A 6 MHH. 10 MuHH. 
IXT-3bB 1,5 mun. 4 MUH. 
IXT-3B 40 cek. 3 MHH. 








0. Pacxog ra3a qvia anamn3a 10—15 «/uac. 

6. JLapeHuve ra3a Ha BXOJe B ZaTUMK DOKHO ObITh NOCTOAH- 
HbIM WH HaxOJHTCH B Mpegesax 800—1500 mm Bon. cT.; TeMnepa- 
Typa ra3a ot +10 go +40°C. 

7, Ta30Banh cMecb He JOJIKHAa COXEPKaTb KOMMOHEHTOB XH 
nPHMeceH, OKHCJIAIOULAXCA HOJOM. 

8. T'aOapuTbl wu Bec y3J1I0B mpHOopa: 


















































isl Hibeepe | ne ene ee = 
— j 
aTuuk 307 170 340 15 
Cra6vJIM3HpoBaHHbIt MCTOUHHK MHTAa- 250 130 145 7,9 
HHA 5 SL. ae 1 
BropwyHbli mpHOop ........ 420 292 506 29 
K neaatn tO-VIE 1958 rr. T044U0 TOCKUMH3B]LAT. Ne 61 Sak. 650 
Tunorpaduns PocxumMu3nzara. Mocksa, 88, YrpewicKan 
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@M OTOMETD; 


DAR 
JIKOMVHEC 


NEHTHOTO | OM LY, 
AHAMLG OA | . 









CEKUMWA CCCP HA BCEMUPHOH BbICTABKE 


1958T. B BPIOCCEJIE 
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PHOTOMETRE 
POUR L'ANALYSE 
LUMINESCENTE 


@M-42 est un photométre photoélectrique qui sert pour la détermination de la 
concentration des matiéres, capables de luminescer sous l’influence du rayonnement 
ultra-violet. 

Les modéles recherchés — perles du diametre de 3-4 mm ou disques du diamétre 
de 10-12 mm, d’épaisseur de 1-2 mm. 

Le principe de fonctionnement est de mettre au méme niveau les courants photo- 
électriques 4 force de changement de I’éclairage sur une des cellules photoélectriques 
4 l'aide d’un diaphragme de fente variable. 

L’instrument est construit d’aprés le schema compensateur 4 deux rayons avec 
deux cellules photoélectriques. Les mesurages s'effectuent d’aprés la méthode de zéro. 
Au moment de mesurage les courants photoélectriques de deux cellules photoélec- 
triques se compensent mutuellement et sur l'instrument-zéro sortant le signal est absent. 

La source de lumiére — la lampe 4 vapeur de mercure-quartz C B/I-120. Le récepteur 
d'énergie lumineuse — cellules photoélectriques stibines-césium du type CI[B-3. 

L'alimentation se produit du courant alternatif de 220 V, 50 hertz du réseau avec 
l'intermédiaire de la poulie d’alimentation, 


— 1b 


Lo sensibilité de l'instrument est suffisante pour découvrir 107 '" g d’uranium dans 


le modéle, avec erreur de + 5%. 


Encombrement, mm: 


du photomatre ....ccccee severe sccucens . 250x300 x 400 

de fa poulie d’alimentation .. 0.0... ..5. seer eee ee ee 3A XK 200 x 150 
Poids, kg: 

du: photometre: iid cc cess chew Coens eee eee sea bs 20 

de la poulie d’alimentation .......0e.eee eevee rene ene 10 


Pour les conditions des livraisons adressez-vous: «“STANKO- 
IMPORT>, Moskva, G-200, Smolenskaja Sennaja ploshchad, 
32/34. 


Section de l’URSS a I'Exposition Universelle et Internationale de Bruxelles 1958 
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PHOTOMETER eo 
FOR LUMINISCENT 
ANALYSIS hoe 









‘ ¢ designed for determining the concen- 


The (DM-42 is a photoelectric’ @ A 
pa lowing under the influence of ultra-violet 


tration of substances which are 


rays. 








The objects examined are pearh ‘Sto Ame in diameter or discs 10 to 12 mm in 
diameter, 1to 2 mm thick. ’ : ; ; | , 
af ng photoelectric currents by changing the 
intensity of illumination of one of photoelectric cells with the aid of an adjustable 
slot diaphragm. 





The principle of action consists in le 


The apparatus is designed according to @ two-ray compensation diagram with two 
photoelectric cells. The measurements are made by zero method. At the moment of 
measurement photoelectric currents of two photoelectric cells are mutually compensated 
and no signal is received by the output zero-instrument. 

The source of light is ao CBJ-120 mercury-quartz lamp. The energy of light is 
received by CIJB-3 antimony-cesium photoelectric cells. 

Power supply is provided from a.c. 220 V 50 cycles mains through a feeding 
unit. 

The sensitivity of the apparatus is sufficient for revealing in the sample 10~!9 g 


of uranium with an error of -+ 5 %. 


Overall size, mm: 


photometer .. 1... . ce ee eee ee eer ee eee a tees sees 250X300 x 400 

FROGING CIE ode aoa la het coateecst aaa Gehl av ek Woe ee 350 x 200 x150 
Weight, kg: 

PRGIOM@bOE ios 55.5 5 seed Saw ROSS ea Ww eR 20 

$OOdn URN eis eae atsaus cos wie kan Cost haeiek eek eae 10 


For delivery terms opply to “STANKOIMPORT", Moskva, 
G-200, Smolenskaja-Sennaja ploshchad, 32/34. 


USSR Section: Brussels Universal and International Exhibition 1958 
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FOTOMETER 
FUR LUMINESZENZANALYSEN 


(DM-42 ist ein Fotometer zur Bestimmung der Konzentration des lumineszenzfahigen 
Stoffes unter Einwirkung der ultravioletten Bestrahlung. 

Als Untersuchungsmuster werden Rundkérper (Perlen) von 3-4 mm oder Scheiben von 
10-12 mm Durchmesser und 1-2 mm Starke beniitzt. 

Das Grundprinzip der Wirkung besteht in der Ausgleichung der Fotostréme mittels 
Beleuchtungsdnderung einer der Fotoelemente mit Hilfe der regulierbaren Spaltblende. 

Das Geriit ist entsprechend des zweistrahligen Kompensationsschemas mit zwei Foto- 
elementen aufgebaut. Die Messungen werden nach dem Nullverfahren gefiihrt. 

Ist die Ausgleichung der Fotostréme erreicht, so ist auf dem Ausgangsnullwerk kein 
Signal vorhanden. 

Als Lichtquelle dient die Quecksilber-Quarzlampe (Hdhensonne) Typ CB/I-120. Als 
Empfanger der Lichtenergie sind zwei Antimon-Casium-Fotoelemente Typ CIB-3 beniitzt. 

Die Energiezufuhr geschieht vom Wechselstromnetz 220 V, 50 Hz. 

Die Empfindlichkeit des Gerdtes ist ausreichend, um in dem Muster das Vorhandensein 


von 10—!° g Uran mit Anndherung von + 5 % festzustellen. 


AuBere Abmessungen, mm: 


des Fotomoters 6 ie 5 6 a6 o8s SOS ee ree NS KS 250 x 300x400 

der Energtespeisevorrichtung ..... 06sec eee renee eres 350 x 200x150 
Gewicht, kg: 

des Fotometers.... ccc ccc secre erence tec eeeeeees 20 

der Energiespelsevorrichtung ... 6... eee eres ee eee ees 10 


Alle Lieferungsanfragen sind an ,STANKOIMPORT", Moskva, 
G-200, Smolenskaja-Sennaja Ploschad, 32/34 zu richten. 


Abteilung der UdSSR auf der Allgemeinen Weltausstellung in Briissel 1958 
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(PM-58 est un photométre visuel-photoélectrique pour le mesurage du facteur 
de transmission (ou de la densité optique) des milieux durs et liquides transparents 
(non diffusés), pour le mesurage des coéfficients de la brillance des modéles a 
lumiere diffuse et leur éclat et pour les travaux spectrephotométriques. PM-58 
peut étre utilisé pour le mesurage des coéfficients de réflection et en qualité du 
microscope comparatif. 

Le principe du fonctionnement de l'appareil — c'est mettre au méme niveau les 
deux courants lumineux au moyen du changement de l'un d’eux a l'aide du dia- 
phragme a l'ouverture alternative, l'image de laquelle se projette dans la pupille 
de l’observateur. 

Les coéfficients de la transparence et de la brillance plus de 0,1 se mesurent 
par la méthode photoélectrique (objective), moins 0,1 — visuellement. 

Le passage des mesurages visuelles aux objectifs s'accomplit par un simple 
tour de la manivelle. 

Deux cellules photoélectriques stibines-césium sont accouplées différentiellement. 

Les mesurages par la méthode de zéro s’exécutent 4 l'aide des 
diaphragmes a l’ouverture alternative qui changent Ja grandeur 
des courants lumineux. 

PH OTO M ETR E | - tension stabilisée se maintient par un arrangement alimentaire 
spécial. 

U Ni IV E RS E L Les emmanchements microscopiques pour le mesurage des objets 
de petit format et l'utilisation du photométre en qualité du microscope 
comparatif, les cuvettes pour les travaux colorimétriques, la petite 
table inclinée pour le mesurage des coéfficients de brillance et 
de l'utilisation de l'appareil. 


CARACTERISTIQUES TECHNIQUES 


Limites du mesurage du ccéfficient de transparence, 


A claceA tinge eteniite mde cae tess arent aiale Bare 100--1 


Le moindre coefficient mesuré de la brillance ..... 0,01 





La région des mesurages spectrophotoméetriques, mi) 400-720 







L’erreur absolue des mesurages objectifs, %, ...... 







Pour | 
8S Conditions des livrgise 3 de Appareil wrasse se ae were 
vous: «STAN = d’arran li 
gement alimentaire .... 6.2.55 eee eee 
. KOIMPOR Ts, Mosky 
-200 Sm a, , 
, Olenska;j Poids, kg: 
1a-Senngj 
1a plosh 
32/34, ad, de‘l’dpparell coded. cixtawdeeeh twee eta as 14 
d’arrangement alimentaire ......-......0--- 9,5 
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UNIVERSAL PHOTOMETER 
®M-58 


The @M-58 is a visual photoelectric photometer for measuring transmission coefficients 
(or optical density) of solid and liquid transparent (not scattering) media, for measuring brightness 
coefficients of light-scattering specimens as well as for spectrophotometric analyses. The M-58 
can be used for measuring reflection factors and also as a comparing microscope. 

The principle of action consists in levelling two light fluxes by changing one of them with 
the aid of a diaphragm with variable aperture whose image is projected to the observer's eye- 
pupil. 

The transmission and brightness coefficients which are greater than 0.1 are measured photo- 
electrically, while those which are less than 0.1 -— visually. 

A change over from visual to photoelectrical measurements is effected by a simple turn of 
the lever. 

Two antimony-cesium photoelectric cells are coupled to each other differentially. 

Measurements by zero method are made with the aid of diaphragms with variable aperture 
to change the value of light fluxes. 

Stabilized voltage is maintained by a special feeding unit. 

The microscopic headpieces for measuring small objects and for using the photometer as a 
comparing microscope, the baths for colorimetric analyses, and the tilting stage for measuring 
the brightness and brilliance coefficients give wider application to the apparatus. 





SPECIFICATIONS 
Limits of measurement of optical density, % ...... 100-1 
The least measurable brightness coefficient ....... 0.01 
Scope of spectrophotometric measurements, mu .... 400-720 







Absolute error of photoelectric measurements, % ... 






Relative err 


t 
350 x 350 « 470 For delivery terms apply to 


T 
feeding unit....... 0000.00. ccc ee ccecee ey 315 x 210 x 141 ug TANKOIMPOR 
naja ploshchad, 


5 Moskva, G-200, 


Smolenskoja-Sen 


Weight, kg: 
apparatus .......... Pee eee ee en 14 32/34. 
feeding Unit (e544 2 esha a ba hale wees 9.5 
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DM-58 ist ein kombiniertes visuelles und fotoelektrisches Fotometer, das zu Mes- 
sungen des Lichtdurchléssigkeitswertes (oder optischer Dichte) der festen und fliissigen 
(nicht das Licht zerstreuenden) Kérper, zur Bestimmung des Leuchtdichtheitswertes und der 
Brillanz der lichtausstrahlenden Muster (Lichtquellen), ebenso wie fiir spektralfotometrische 


Arbeiten geeignet ist. DM-58 kann auch fiir Messungen des Reflexionsvermdgens und 
auch als Vergleichsmikroskop verwendet werden. 


Das Grundprinzip der Wirkungsweise des Gerdtes besteht in der optischen Ausglei- 
chung zweier Lichtstréme, indem man eine mittels verdinderlicher Offnung versehene Blende 
verstellt, deren Abbildung in die Pupille des Beobachters projiziert wird. 


Die Durchlassigkeits- und Leuchtdichtheitswerte, die gréBer als 0,1 sind, werden foto- 
elektrisch (objektiverweise) gemessen, welche unter 0,1 sind, visuell gemessen. 


Der Ubergang von visuellen Messungen zu objektiven Messungen geschieht mittels 
einfacher Umdrehung der Kurbel. 


Zwei Antimon-Césium-Fotoelemente sind differentialartig verbunden. 


Die Messungen nach Nullmethode werden mittels Blenden mit verdnderlicher Offnung, 
die die GréBe der Lichtstréme Gndern, vollbracht. 


Eine spezielle Energiequelle dient zur Zufuhr stabilisierter Soannung. 

Mikroskopansdtze, die fiir die Aufnahme kleiner Objekte und auch fiir Verwendung 
des Gerdtes als Vergleichsmikroskop dienen sollen, Kiivette ftir Farbmessungsarbeiten, geneigt 
einstellbare kleine Tische fiir Bestinmung der Leuchtdichten und Brillanzwerte erweitern 
das Anwendungsgebiet des Gerites. 












TECHNISCHE DATEN 


MeBgrenzen der Lichtdurchlassigkeitswerte, 9% 100 —1 


Kleinster LeuchtdichtemeBwert ............ 0.01 


Bereich der spektral-fotometrischen Messungen, 


Ee a5 te oa bikes OS an. apa Bed 0439855450 BON 720 


Absoluter Fehler der fotoelektrischen Messun- 
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CEKILHA CCCP HA BCEMHPHOWM BBLICTABEKE 1958 r. B BPIOCCEJIE 
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BOUGIEMETRE POUR LES SOURCES IMPULSIVES 


Bougiemetre MCM-57 présente une combinaison du 
systeme optique télécentrique avec un photometre pho- 
to-électrique. 


Sert pour la détermination de bougiesecondes, c’est- 
a-dire du produit de la force de iumiere des sources sur 
le temps de leur fonctionnement. 


Peut étre utilisé pour l'epreuve des lampes impulsives 
et lampes-flashs. 


Qualités: 


Indépendance des indications de la position de ta 
source a mesurer; 


indépendance du travail de l'appareil du moment de 
la mise en circuit de la source; 


possibilité du travail dans un local a éclairage ar- 
tificiel. 


L’étendue des mesures, bougies 


4 la durée du flash 0,02 sec...... 100 

& la durée du flash 50 wsec.... 1X 108 
Dimension maximum du corps 

lumineux, MM ........----055: 200 


La tension du réseau électrique 
alimentaire du courant 


alternatif, V .............2---- 220 
Encombrement,mm............-+-- 740 < 395 « 360 
Poids: kG> sci acct eddeusee ee eas 20 Pour les conditions des 


livraisons adressez-vous: 
«STANKOIMPORT», Moskva, 
G-200, Smolenskaja-Sennaja 
Ploshchad, 32/34. 


Section de |'URSS 4 I'Exposition Universelle et Internationale de Bruxelles 1958 
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CANDLE POWER METER FOR MEASURING FLASHES 
OF LIGHT 


The MCM-57 candle power meter is a combination of 
a telecentric optical system with a photoelectric photo- 
meter. It serves to determine candle-seconds, i. e., the 
product resulting from multiplication of the intensity of 
light of the sources by the time of their action. 


It fits for testing flash lamps and bulbs. 
Advantages: 


Indications are independent of position of the source 
measured ; 


the apparatus operates independently of the moment 
at which the source is switched on; 


the apparatus can operate in a room with artificial 
illumination. 


Measurement range, candles: 
with 0.02 sec. duration of flash.. 100 
with 50 sec. duration of flash.. 110° 
Maximum size of a flashing body 


measured, mm..............205 200 
Voltage of a. c. feeding mains, V.... 220 
Overall size, mm.................. 740 x 395 «360 
Weight, kOe 3.6 ss5celsaieysasce eee 20 


For delivery terms apply to 
“STANKOIMPORT”’, Moskva, 
G-200, Smolenskaja-Sennaja 
Ploshchad, 32/34. 


USSR Section: Brussels Universal and Internationa! Exhibition 1958 
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LICHTKERZENMESSER FUR IMPULSIONSBLITZQUELLEN 


Der Lichtkerzenmesser MCM-57 ist ein kombiniertes Ge- 
rat, das aus einem telezentrischen Optiksystem und einem 
fotoelektrischen Fotometer besteht. 


Das Gerat dient zur Bestimmung der ,,Kerzen-Sekunden’, 
d. h. des Produktes der Lichtquellenstarke und der Wir- 
kungsdauer. 


Das Gerdt eignet sich zu Messungen der Impulslampen 
und einfachen Blitzlampen. 

Vorzuge: 

Unabhdngigkeit der Anzeigen von der Lage der unter- 
suchten Lichtquelle; 

Unabhangigkeit der Wirkung des Gerdtes von dem Ein- 
schaltmoment; 


Méglichkeit, die Arbeiten im geschlossenen Raum bei 
kiinstlicher Beleuchtung zu erfullen. 


Bereich der Messungen, Kerzen: 
bei einer Blitzdauer von 0,2 Sek. 100 
bei einer Blitzdauer von 50 « Sek. 1-10° 
maximale GréBe der untersuchten 


Lichtquelle, mm...............- 200 
Spannung im Speisewechselstromnetz, 

V oi cee se cate estas 220 
GuBere Abmessungen,mm.......... 740 < 395 x 360 
Gewicht, KG. os.chua tee sees nees sus 20 


Alle Lieferungsanfragen sind an 
»STANKOIMPORT", Moskva, 
G-200, Smolenskaja-Sennaja 
Ploschad, 32/34, zu richten. 


Abteilung der UdSSR auf der Allgemeinen Weltausstellung in Brussel 1958 


BremToprnyiar. Sanas Ae hh kho-vg 
a4) 
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(SR ri am ee ae 
gE TT 15 NR OS 





WIEKF MWAPHHTHbIM KJIANAH tuna K9-2 


a) OM aaa KlanaH Tina K9-2 mnpeazcraBsasaet cooon 
BOSLYXOPACHPCAETHTCADHbIA TPeXXOAOBOH KélamlaH C 31@KTPO- 


MACUMTIDIM UPpHBOAOM, HHTACMbIM TOCTOAHHbIM TOKOM. 

DACKTPOMAPHATUDT Kamal IPeANAsHauel ULI BKTONCHAA 
IT TCDCK-TOUCHHST THICBMATHYCCKHX JHHH C TMOMOU[bIO TOCTOSH- 
HOrO ToKa H MOKCT ObITD HCMO.1b3S0BaH AIA ynpaBJleHHA MHeBMa- 
THUCCKHMH K.1aTaHAMH B CXCMAX OAOKHPOBKH, 3alHTbl MW MTA 
Da3.THYHBIX TCPeK.OUeHHH, 

[Ipuuunn selcrBHs 91€KTPOMArHATHOTO kKelaliaHa Sak tO- 
UdeTest B TOM, UTO TIPH OTCYTCTBHH padouero HanpsaKeHHA Ha 
QOMOTKE 3 ICKTPOMATHHTa AKOPb 3akpbiBactT OHH WITYMEp Fh 
OTKPbIBaCT pyro, COCAHHCHHBIM C TPeTbHM  LITYLeEpoM. [ipu 
HOLaUC HAlpsvKeHHH Ha OOMOTKY XICKTPOMAPHNTA AKOPh We 
peMculaetes, 3akpbiBast TpeTHH IWTyHep, H CoeAPEATeT ICD BbU 
MITYILCp CO BTOPbIM MO BHYTPCHHHM KaliaelaM KOSS. 

Kanan paOoracr ia YHCTOM H CYXOM BOSAYXC HP AaBule- 
HHH 10 2 Kee/cM?. 


TEXHHYECKAS XAPAKTEPHCTHKA 


|. DtekrpoMarunTHblt Kanan MATacTes OT 9 1eKTpoceTH 
NOCTOMHHOrO HampaxkeHHsnA 12 6 = 15%: 246 +£15%; 3456 +15% 
(B 3aBHCHMOCTH OT 3aKa3a). 

2 Tlorpe6.1aeMad MOULHOCTL 3 6T. 

3 Paexosl BOSAVXA, KOPMA Kava NANOAMTCH BIL THOS 
QIDUbIM LAI PsVKCHHCM Hel OOCCTOUCH, ~~ He MCHC 25 af Attn, 
IPH NCPeuacle LaB-ICHHIL 1a ULTYTLE Pe D2 ReCi CM. 

1. Pabounit XO;L AKOps 2 AM. 

5. Padapntupie pasmeppl KO-2: 990% 150 X55 ma, ec 1,0 Ke. 


QiCKTPOMAPHATHbIG KAaNalbl H3TOTaBATHBAloTCA XapbKOB- 
ext iciHatom OKBA (Xappxos, 20, ya. Knoaapunua, 10). 


[A TS, 
AR SSN SE a OE, 
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PEFYJIATOP HEMTPAJIM3ALLUH 
Tuna KPH 


Weryanrop uvelitpanu3zanyun tuna KPH NpelcTaBsser co6vit 
CTaUHONAaApPHbIK MpHOop sus KOPPeCKTHPOBaHHA coxepaKaHHA 
H30bITOUNOH KUCOTbI WH aMMHaka B mjetoKaxX H3 alnapaTos 
ITH (8 nponecce NeHTpamwn3auuH aMMuaka) MpH CTaOHTH3Hpo- 
BaHHOM pacxojle am- 
MHaka H KHCJOTHI. 
@ Perysastop  pa- 
OoTaeT HOpMavIbHO 
TOJbKO IIPH OTCYT- 
CTBHH pe3KHX KOo- 
je6aHHii perkuma. 
B kKoMMiekT pery- 
AATOPA BXOAT: 

a) H3MepHTeub- 
Hava sAyvenKa 
KPH; 

6) aekTpoHHaa 
NpHcCTaBKa 
OTIT-2; 

B) 3JICKTPOHHbIIi 
MOTEHLLHOMETP 
MATT-32 nua 
49 Me: 

r) peryaupyw- 
WH KWanmaH 
H3 HepKapeto- 
WleH CTaH Cc 
MeMOp aHHbIM 
NPHBO JOM TH- 
ma KHM-50c. 

@ Anann3zupyempie 
melOKa 3 anna- 
pata HTH nmnpoxo- 
AAT vepes sayeliKy 





KPH. [Ipn sTom ua anektpogax suelikxn BosnuKaer pa3- 
‘HOCTb MOTCHILMAJIOB, 3HaK H BeEAHMYHHA KOTOPOM 3aBHCsIT OT Toro, 
‘HaCKOJIBKO (HM B KaKylO CTOPOHY) H3MeHHMach BeNHUMHAa KHeoT- 
HOCTH UL€JIOKOB HAH COqepKaHue aMMHaka B Hux. Pa3Hocth 
NOTCHUHAIOB NepesaeTcd Yepes 3leKTPOHHY!O MpHcTaBKY Ha pe- 
PYAMPYIOMMH 3A€KTPOHHbIH MOTeHWMOMeTp TuIAa OTA-32, Korto- 
ipbIH YIPaB.seT MEMOpPaHHbIM KanaHoM Ha JIMHHH NOosayH KHCMOTHI 
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’ 


B annlapaT MTH (pervastopom KPH moxno perVJHPOBaTb TIpo- 
Lecce JOHEHTpalH3allnW TyTeM H3MeHeHHA TlOauil AMMHaKa B JO- 
HeliTpasIH3aTop). 


H3MEPHTEJIBHAA AUEHKA 


@ li3meputeibHas sueiika KPH  cocrout u3  ctaabHoro 
(cT. OA1-T) kopnyca, B KOTOPOM HaXxOAATCA [Ba NAATHHOBBIX 371eK. 
Tpoxa. OHH aleKTpoy NorpyxKen B NpoTeKkaicune yepe3s AyueHKy 
AHAJIHSHPYeMble WeNOKa, APVTOH—B CTeKJIAHHbI Ccocyy co cpaB- 
HHTCJIbHbIM PaCTBOPOM, COjflepKaulHM TpeO6yemoe KONHYeCTBO KHC- 
JIOTbI HJIH AMMHAKA. | 

@ CTeKISHIbIi Cocy, CO CpaBHUTesbHbIM PaCTBOPOM OMBIBaeTCA 
MPOTeKalOWLHMH Yepe3 AYeHKY UkeOKaMH H OTAeeH OT Mocneg- 
HHX CTeEKJISHHbBIM (uJIbTPOM. 

@ I[Ipu nporekannn uepes ayeliky uleMOKOB C TaKEM 2Ke cojlep2Ka- 
HH€M KHCJIOTbI HIM aMMHaKa, KaK B CPpaBHHTeJIbHOM pacTBope, 
NOTCHUHAaIbI Ha OOOUX ZeKTpOAax OYAYT paBibl Ii pa3sHocTb M0- 
‘TEHMHAJIOB Ha BbIXOWe H3 AYeMKH paBHa HyaAw. B mporHBHom 
CAVY4ae BO3HHKAeT Pa3HOCTb MOTeHILHAJIOB, BeEJIMYHHAa H 3HaK KO- 
TOPOH 3aBHCHT OT TOPO, HACKOJIbKO H B KaKYIO CTOPOHY KHCOTHOCT 
H3MCPACMbIX ULeJIOKOB OTKJIOHHJaCb OT 3a/[aHHOli BeHUHHBI. 
@ Jina Toro 4TO6bI yYMeHbIIHTb JO MHHHMYMa CHJIV TOKa, OTOH- 
PaeMylo OT AYEHKH, Me*KAY Hel H MOTeHILMOMeTPOM BKsIOUeHA 
SMe€KTPOHHAaA MpucTaBKa QIT-2. Bnaroqapsa Bksmiouenuio npHucTaB- 
KH YMeHblUaeTCA NMOJMAPH3aWNA QEKTPONOB H MpeqocTaBAAeTcA 
BOSMOMKHOCTb HCIOb30BaTb AVIA PeryAHpOBaHHs CTaH,apTHblit 
moTeHwHometp OIIJT-32 (Hyib Ha cepeynHe ikauJbl). 


TEXHHYECKAA XAPAKTEPHCTHKA 


@ |. Uyscrsutetbuocts peryaatopa ycTaHaBauBaercs| Ha MecTe 
(B 3aBHCHMOCTH OT vcsIOBHil TexHosornyecKoro mpouecca), 

@ 2. Pacxoy wenoKoB yepes npn6op paBen 80 a/uac. 

@ 3. IIuraiue—or cetu nepemenyoro toxKa HalpsaxKeHHA 220 @ 
+10%; yactora 50 ey; noTpe6msemaa MounocTh 80 em. 

@ 4. Jlapnenne cxKaToro Bo3Ayxa AIA NHTAHUA BTOpHUnOrO npu- 
Gopa coctaBaset 2—6 ke/em?. Bosyyx, moyapaemplil B pery- 
JIATOP, HE j}lOKEH COMePpRKaTb MbWIH, Banh WH MeXanHHuecKuxX 
fipHMeceH. 

@ 5. Pacxoy po3yyxa (MaKCHMaJbHbIli) Ha pervistop 6—8 a/mun. 
@ 6. Anuna coequuuterbupix Tpy6 or peryasiropa jo ucnoaHH- 


TeJIbHOTO MeXatiH3Ma—He 6onee 50 yw. 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


ae 
Big ot Sees esis Nittse 
ee a ete eee 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


@ /. FaOaputb! w Bec y3JI0B: 


on ne ee 
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MM MM 


Y3uibl MpHOopa 

















Mi3mepuTeibHas suelika .. . — 120 150 385 3 

ONeKTpOHHaA NpHCTaBKa . . —— 275 130 216 ( 

Bropuyxbilt npxoop OI1-32 . ~— 420 292 506 35 

PerysHpyioulHH KjlamaH THNa 
KHM-950c 





en ee ee ne co SARA “si saa pee teed ied op cise ei a talc ie ee aise eeaige eehgig es 
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K newarn 29/IV 1957 r. T 01496. _TOCXHMHSILAT. Ni I-10. Sak. 301 


Tunorpapasa Focxamusyara. Mocxsa, 88, YrpeucKasi 
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KJIANAH PEI'YJIMPYIOILMN 


C NMHEBMATVYECKUM MEMBPAHHbIM 
UCHOJIHUTEJIBHbIM MEXAHU3MOM 


TUNA KPI 


MUHKACTEPCTBO 
XAMKAYECKOKM NPOMbILUAEHHOCTH CCCP 


MOCKBA 
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KJIAfNIAH PEFYJMPYFIOLWWMM 


C NHEBMATHYUECKHM MEMBPAHHbIM 
MCNOJIHHTEJIBHbIM MEXAHH3MOM tuna KPI 


[> cry THpylould KetlanaH Tuma KPIT nmpeguagnaued 1.19 HCMO.VIb- 

30BAHHSH B CHCT@CMAX ABTOMATHUeCKOrFO PeryJHPOBAHHA HH 
CBTOMETHYeCKOLFO YUPaBAeHHA MOTOKAMH arpeCCHBHbIX %KHIKO- 
CTCH, 

[Ipunnun paoOorTb KlalaHa OCHOBaH Ha MepeMeUleHHH TlyH- 
“KCPa Ol BO3SMeHCTBHCM aBACHHA BO3LYXa B MeMOpaHHOM 
HCHO-IHHT@IDHOM Me@XaHu3Me. Kaxk oll BeTHUHHE TaBJIGCHHA BO3- 
AVN COOTBETCTBYeT OTpeaeyeHHOe Mo1O%KeHHe TWyHwKepa, a 
GICLOBATCIbDHO, ONpeAeTeHlad MpomycKHas CMOCOOHOCTh§ KuIa- 
nana, 

Koranan tuna KPI stneasetes ofnocedqeIbHbIM. Bce yeTa7H, 
CONPHKACAlOULHeCs! C arpeCCHBHOH %AKHAKOCTHIO, M3POTOBJI€HbI H3 
crags OM-629 u @ropomsjacta-4. 

Ketananbl BbIMNyCKaloTcd Cc ycJIOBHbIM mpoxoszom Dy-25; 50; 
SQ ou 100 atat BO ABYX MOAHMUKAUHAX, 

! Hopma-Ipno 3akppiTbiit— «BO» (Bo3nzyXx OTKPbIBaeT). 

?. TlopMa‘Ibno OTKpbITHIi— «B3» (Bo3ayX 3aKpbiBaeT). 

Keanaubl THna KPI] paccuntTanbl Ha yc.1oBNoe aB.leHHe 
cpenbl Py. =2,5 Kec/em’. 


rABAPHTHbIE PA3MEPbI H BEC 




















: Party eHOs - aacaE «B3» : 
w_Mu Etter ot sUuaMerp Bec Bpicota {|nametp Bec 
MM | MM AC MM MM Re 
25 | 485 939 | 18,6 440 230 17,7 
50 1 590 200 31,0 510 290 31,0 
8) | 815 360. OBL, 680 | 360 51,0 
loo | 860 | 360 61.5 | 725 360 61,0 
| 








J ——— ——— —— a ————— 
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MOSHLWUMOHEP tuna II-3 


I] OBHOHep THita F-38 siBeaisieres! HHUCBMATHUCCKHM YCH.THT@JIb- 


IEbIM V3IOM, VIIPpaBelsiOryiM NOAAUCH CKATOLO BOSAYXd B 
HOWSOCT) MOMOPatibl HUCBMATHUCCKOLO K.Talatla ATs YeTanoBKu 


HivOkKa Kd alia B TOUHOM COOTBCTCTBITH CO SHaAUCHHEM BXOAHOTO 


CHTHG a peryellropa. 

PlCSHiOnep TpelUlasnaracres! {Lt MOBBINCHHS! ObICTPOro 
ACHCTBIDE MCMOPalllioro Kelalala IW YCH-ICHHS KOMAILIHOrO aB- 
CHISEL Ha MOMOpatly TMICBMATHYCCKOLO Kela mai’. 

Plo3snihonep VeTanaBAHBaeTCs HeHOCPeACTBCHHO Ha FOLTOBKC 
VOMOPAMUNOPO HO HCHO-THHTQbHOPO MCXAaHH3Ma_ KJlamlana., 

Hosnimnonep [1-3 speimetest MOSHILMOHCpOM TIpsAMOrO  JCH- 
CTBIIA, T. C. IPH HOBBINICHHH KOMA@IHOPO LaBeICHHA, aBsIeHHe 
B MOJOCTH MCMOpaltoro Kdanana Take HOBbINTTAeTCH HH LITOK 
Keidbala wepemenlacres! KHHBY. Pi pm oOonwAKCHHH KOM@HLHOrO 
AABAICHHSL HITOK Klailalia UCPeCMCULacTes BBEPX. OnpedesCHHOMY 
KOMAMAHOMY JaBciCHHIO COOTBCTCTBYCT  ONPCeel@HHOG — TOAOAKC- 
ie WTOKa Kelanmana, 


TEXHHYECKAS XAPAKTEPHCTHKA 

1. Llogmmnovep tuna [1-3 pabotaer of cTAHAapTHOro — ITHeB- 
MATHYCCKOLO pery-IATOPA. 

2. TloaHOMy XOAY HITOKA K.Talaua COOTBCTCTBYeT H3MCHEHHC 
KOMAILHOFO LaBaenust ot 0,2 no 1,0 Kee/em?. 

3. Hosuimonep [1-3 nactpanBactcs B 3aBHCHMOCTH OT 3a- 
ka3d Ha pasHUHbii XOA KalahHa B HHTepBaic oT 7 Jo 34 MM. 

1. Pa6apurot: Bpicota 300 au; aHametp 165 MM, Bec 9 Ke, 
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‘appareil est de 3700A & 7000A. 
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LeWspositit ia Mire comprend un coin photométrique pour 
alliadam de coff™Ositions semblables. Me 
ll yWR trgf/™egimes stables de fonctionnement du générateuti 
étince imes a arc (2 et 4A). 

















¥ ment — 680X330 360 mm. 
£48 kg. 
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Pour les conditions des livraisons 
«STANKOIMPORT?, Moskva, § 
Sennaja Ploshchad, 32 34. 


P00, Siblenskaja. 
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STEELOSCOPE 


ie 


The instrument is designed for rapid visual qualitative 
and half-quantitative spectral analysis of steels, non-ferrous 
metals and alloys. It is used for sorting and checking of 
materials in storehouses and burden yards, in foundry 
express-laboratories, etc., and comprises a spectral appa- 
ratus built in accordance with autocollimation scheme, a 
stage for specimens and a generator, all being united in 
one unit. | 

Working range of instrument: 3700 A—7000A. 

Magnification of eye-pieces: 20% and 13.5%, 

The ocular head has photometric wedge for sorting 
alloy grades similar in composition. 

There are three constant operating conditions of the 
generator: a spark one and two arc ones (2 and 4A). 


Overall dimensions — 680330360 mm. 
Weight — 48 kg. 
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Das Gerdt ist fiir die schnelle visuelle qualitative 
und halbquantitative Spektralanalyse von Stahlen, 
Buntmetallen und Legierungen. Es findet Anwendung 
fiir die Materialien-Kontrolle und -Sortierung in La- 
gern, Schichtbéden, in Express-Labors der GieBereien 
und dgl. 

Das Gerdt besteht aus einem Spektral-Apparat, 
das nach dem Autokollimations-Schema aufgebaut 
ist, einem Probentisch und aus einem Generator, 
die konstruktiv zu einer Einheit zusammengeschlossen 
sind. 

Arbeitsbericht des Gerdtes 3700-7000 A. 

Vergr6Berung der Okulare 20% und 13,5*. 

In dem Okularkopf befindet sich ein photometri- 
scher Keil fiir die Sortierung von Legierungsmarken, 
die nach ihrer Zusammensetzung einander nahe 
liegen. 

Generator funktioniert in drei standigen Arbeits- 


regimen: ein Funkenregime und zwei Lichtbogen- 
regime (2 und 4A). 


AuBere Abmessungen — 680X330 360 mm. 
Gewicht — 48 kg. 
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Alle Lieferungsanfragen sind an 
»STANKOIMPORT",. Moskva, G-200, 
Smolenskaja-Sennaja Ploschad, 
32/34 zu richten. 


ABTEILUNG DER UdSSR AUF DER ALLGEMEINEN WELTAUSSTELLUNG IN BRUSSEL 1958 


Buewropruaaat. Saxas N 6-325-26 
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SPECTROGRAPHE 


Spectrographe lumineux CI-48 est spécialement congu 
et construit pour les travaux effectués a l‘’occasion de !’'Année 
Internationale Géophysique. II est destiné pour les études 
des spectres de faibles luminescences dans la région visible 
de 3800 -. a 8000 A (luminescence du ciel nocturne, des 
aurores boreéales, etc.). 


L’'élement dispersant — une réplique prise du réseau de 
diffraction de 1200 traits/mm et fonctionnant en 1©" ordre. 


La distance focaie de l’objectif de caméra est 70 mm et 
‘ouverture relative est de 1:0,8. La dispersion linéaire 
inverse — 100 A/mm. 


Le spectre est photographié sur un film de 16 mm par 
parties, a quatre reprises. 


L‘'appareil assure une haute qualité de l'image du spectre 
et un pouvoir résoivant éleve. 


Pour les conditions des livraisons 
adressez-vous: 
V/0 «STANKOIMPORT>», Moskva G-200, 
Smolenskaja-Sennaja ploshehad, 32/34, 


SECTION DE L’URSS A LUEXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 
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SPECTROGRAPH 





The large aperture spectrograph CI-48 was developed 
in connection with the International Geophysical year. It is 
designed for investigation of spectra of weak luminous 
objects in the region of 3800 to 8000 A (light of the night sky, 
aurora, borealis, etc.). 


The dispersion element is the replica of the diffraction 
grating of 1200 lines per mm operating in the first order. 


The camera objective has a focal distance of 70 mm and 
a relative aperture of 1:0.8. A reverse linear dispersion is 
100 A/mm. 


The complete spectrum is photographed in 4 settings on 
a 16 mm film. 


The instrument presents high quality of spectrum image 
and high resolving power. 


lor delivery terms apply to “STANKO- 
IMPORT”, Moskva G-200, 
Smolenskaja-Sennaja ploshchad, 32/34. 


USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 . 
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Das dispergierende Element ist eine Replik vom 
Beugungsgitter mit 1200 Str/mm, die in der 1. Ord- 
nung arbeitet. 


Das Objektiv der Kamera hat eine Brennweite 
70 mm und eine relative Offnung 1 :0,8. Die reziproke 
lineare Dispersion betragt cirka 100 A/mm. 


Das Spektrum wird in einzelnen Abschnitten auf 
einen 16 mm-Filmstreifen in 4 Einstellungen photo- 
graphiert. | 


Das Gerdt zeichnet sich durch gute Qualitét der 
Spektrallinien und durch hohes Auflésungsvermégen 
| aus. 
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HM3MEPHTEJIb JABJIEHHSA tuna IMU 


VY SMCPHTCGID aBlenHa THIa OMM JL npequasnaucn wisn H3aMepe- 

HHS, 3allMCH H ABTOMATHYeECKOTO PCryIMpOBaHHA pasHocTH 
aBACHHH (Nepenasa), H36bITOUHOTO AaBJIeHHA (Hanopa) u pasz- 
P@2XKCHHA (TAPH). 

IIpu6op moxet sddekTHBHO HCNOMb3OBaTbCA B CHCTeMAaX C 
NPOAYBKOH (B MbC3OMCTPHYeCKHX peryAATOpaX MIOTHOCTH, KOH- 
NCHTPauHH, pacxosa u T. 1.), TaK Kak BCJeACTBHeE Maworo mepe- 
MCHHOrO OObeMa AuppepenWhabHOro MaHOMeTpa OblcTpoe AelicrT- 
PHe mpHOopa ocruraetcs yxKe NpH HeOOJIbUIOM KOVIHUeCTBeE Mpo- 
AyBaeMoro “epe3s NbesoMeTpHYecKHe TPYOKH BO3AYXa WIH La3a. 
Kpome TOro, pH MaJIOM NepeMeHHOM OObeMe ANepeHUHabHO- 
rO MaHOMeTpa OGecHeuHBaeTCA YUUIaA 3allMTa OT arpeccHBHOrO 
RKO3HeHCTBHA HCCIeYeMOH Cpesbl. 

AludcbepenunaibHbI MAaHOMeTP C HHAYKUMOHHBIM jaTaHKOM, 
HMeIOWHM ycJIOBHOe OOO3HaueHHe «UM», aBAReTCH HcKpo6es- 
OMaCHBIM MPHOOPOM HM MOXKET YCTaHaBJINBAaTbCA BO B3PbIBOOM AaCHBIX 
NOMCHLCHHAX KaTeropuyH B-1A co cpezamMn: BOLOpOAO-BO3AYIIHOH, 
9(pHpa, mpomana, aueToHa, MeTaHa. 

B KOMILI€KT H3Me€PHTCit LaBJICHHA BXOJLAT: 

a) MeMOpaHHDI AHpb@epenunabublii MaHOMeTP C HHALYKIIM- 
OHHbIM aTuHKOM, THNa JIM (Kkouncrpykuua OKBA); 

6) aeKTPpH4eCcKHH BTOpHYHEI mpu6op Tuna BOT] (KoncrpyK- 
una OKBA), u3ro0roBJeHHbli Ha 6a3e QIeKTPOHHOro Mocta IMJ 
HIM 3JIEKTPOHHOTO NOTeHuHMOMeTpa JITJL. | 

AnpepenuvabHbl MAaHOMETP COCTONT H3 JLBYX MeTasinue- 
CKHX JIMCKOB, MCKAY KOTOPbIMH 342%KaTa pe3HHOBaA MeMOpana, 
*KCCTKHH WEHTP KOTOPOH pacno.1Ox%KeH M@XKLY ABYMA H3MepHTevib- 
HibIMH Tpy2KHHaMH. C >KeCTKHM WeHTPpOM COeHHeH 2Kee3Hbii 
CCPMHCUHHK, HaXOAHIMMHCA BHYTPH HHJLYKILMOHHbIX KATYIIEK. 

I]itocopoe aBJleHve NMOjaeTcA B BeEPXHIOIO NOJocTh Anbde- 
PCHUHaIbHOTO MAaHOMeTPa, MHHYCOBOC — B HH KHIOW TOJOCTh 
(uepe3 COOTBETCTBYIOUIMe 3anOpHble BeHTHIA). Tlocopan vw MH- 
NYCOBaH MOJIOCTH MOryT COCHHATLCA MEKAY co6oH MocpezCcTBOM 
y PaBHHTe@JIbHOrO BeHTHAA. 

[Ip H3MeHeHHH Nepenaya TaBAeHHA Ha MemOpane Auddepex- 
WHaJIbHOTO MA@HOMeTPa H3MeCHACTCA MOOMKeHHE AKese3HOFO cep- 
/ACUHHKa BHYTPH HHAYKILHOHHDIX KATYUIeK, B pe3yJbTaTe 4ero B 
‘\HarOHa/JIH H3MCPHTC.IBHOFO MOCTA BO3HHKaeT HanpsAKeHHE HeOa- 
‘laica. Hanpaxenue HeGajanca, yculeHHoe yepe3 TPH KacKaya 
ICKTPOHHOFO YCHJIHTCIA HallpaxKeCHHA H OJLMH KacKal yCHAHTeVIA 
MOLKHOCTH, YIPaB/lAeT PCBEPCHBHBbIM ABHTaTeJeM, KOTOPbIii KHHe- 
MaTHYeCKH CBA3AH C ABHKKOM peoxopsla. 
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BpaulenuemM JBYUKKAa peOxopAa U3MEPHTeCJbHbIM MOCT TIPHBO- 
/LHTCH B PaBHOBeCHe, H B ITOT MOMEHT (paBHOBecHsA) H3MepseMan 
BCJIHYHHA OTCUHTHIBAeCTCA TO WikKaJle mpHOopa; 3anucbh H3MepeH- 
HOH BeJIMYHHbI HEMPepbIBHO BOCMPOH3BOANTCA Ha DZHCKOBOL auar- 
)aMMe. 

H3Mepute.lb 2aBJICHUA BbINYCKaeTCHA B CICLYIOUNX MOLHDH- 
KaIlHAX: 

a) NOKA@3bIBalOUlWH HW 3anvcblBaloulMhl: 

6) NOKa3bIBalollnH H 3arnHcbiBalouluil, c TPeXNMO3HILHOHHbIM 
2 1CKTPHYCCKHM PeryJIHPYIOWLHM YCTPOHCTBOM;: 

B) MWOKa3bIBalOluul H 3aNHMCbIBaIOWHH, Cc TWpucnoco6.1ennemM 
JVI) MHEBMATHYeCKOrO H3O02POMHOrO pery.1HpoBaHHa. 


TEXHHYECKASH XAPAKTEPHCTHKA 


1. OcHOBHas NOorpewiHocTh B MOKa3aHHAX npHOopa mpu Temne- 
patype 20°+5°C coctaBaser +2,0% of npegerbHoro nmepenaa 
LaBJICHHH. 

2. YcOBHOe cTaTHYecKOe WaBsleHHe | Kec/cm?. 

3. Pa6ount nepenay gaBienua: 10; 12,5; 16: 20; 25:.32° “40: 
90; 60; 80; 100; 120; 160; 200; 250: 320 u 400 4H BOA. cT. (onpeze- 
‘IACTCH MKECTKOCTHIO H3MEPHTEJIbHbIX MIPY2KHH, YCTAHOBJICHHBIX B 
Au@epeHunallbHOM MaHomertpe). Io CneluHaJIbHOMY 3aKa3y H3ro- 
TaBHBAIOTCA NHPepenMapHble MAHOMETPbI HM Ha JLpyrne pa- 
Goune nepenabl (B npegesax ot 10 qo 400 mm Box. CT.). 

IIpHOoppl, nocraBAsemMble KOMIWICKTHO ¢ pery/IATOpaMH IJOT- 
HoctH Tuna TIM, uMewr wkaly, rpayHpoBaHHylo B ea_HHHILAaX 
HAOTHOCTH (2/cm*) WIM B eCAHHMIMAaX KOHUeCHTpalHH WIK Kpelo- 
CTH, 4 B KOMIWI€KTE CO WeJIEBBIMH pery/IATOpaMH pacxoya — uKa- 
‘Ty B BECOBbIX €QHHHILax pacxona (m/uac). 

4. PaOounli xon MeMOpaHbl azNddepenunabHoro MaHOMCTpa 
cocraBiset | mm. Tlepemennplit o6bem nudiepcenunartbHoro Ma- 
HOMeTpa paBeH 30 cm. 

O. IIporsxKeHHOCTh 91eKTPHYeCKHX MPOBOAOB AHHMH cBa3H 
MCK iY MHZYKUHOHHbIM aTYHKOM UuddepenuvartbHOrOo MaHO- 
MeTpa H BTOPHYHbIM TIpHOopoM—ue Gouree 500 wax. Jlunua 
CBA3H — NATHNPOBOTHaA (B JBYX CTAJIbHbIX Tpy6ax); ceyenne 
NpOBONOB 2,0 mm?. 

6. [[Mranve mpu6opa — or ceru nepemenuoro ToKa Hallpsrke- 
HueM 127 usu 220 @ (B 3aBMCHMOCTH OT 3aka3a); 4YacToTa 50 eu; 
noTpe6aseMaa MoLHocTh 60 67. 

7. [l#tanHe HHAYKUMOHHOTO ZaTuHKa Ha HallpaxeHun 0,65 6 
OCYMICCTBAAETCH OT CMeWHaJIbHOrO MOHHKaloulero TpanciopMa- 
Topa, NTO NpeAOTBpallaecT NOMauy ceTeBOrO HalpsAxKeHHA Ha O6- 
MOTKH HHAYKUMOHHOrO JaTuHKa. OTOT TpaHc@opMarTop pa3meulen 
BHYTPH mpH6opa BOTT.. 
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LOW SRS cde Ree AMIEL ia aR Ld ete 


8. MYMHHMaJIbHOe BPeMHA MPOXOKACHHA CTPeKOM BTrOpHuHOrO 
npHOopa BceH WkaJlbl MpH MPHOBEHHOM H3MeHeHHH aBJleHHA 
cocTaBJxeT He Ooee 30 cex. IIpH pa6ore peryiatopa B KoMn- 
JI@KTe C MbeSOMETPHYECKHMH ZaTunKaMH (THNa KM, JTIM uuu 
PM), yepe3 mbesomeTpnueckHe TpyOKH KOTOPHIX MpomyBaercaA 
HHepTHbIM ra3 B KOMYecTBe 10—15 cm3/mun, HaMMeHbUIece BpeMA 
NPOXOMMCHHA CTPeIKOH BceH WKaJbl CocTaBAeT OKOJIO 1!/o-— 
3 MHH. | 

9. TaOaputpl w Bec MeEMOpaHHoro AMdiepenHaAbDHOrO MaHo- 
MeTpa THIla JIM: nuametp 275 mm; Bpicota 305 mm: Bec 20 Ke. 
l'a6apurbl HW Bec BTOpuNHOrO mpHOopa tuna BOTT: 420292 
506 am; Bec ot 29 no 35 Ke (B3aBHCHMOCTH OT MOLM@HKAILMN). 

M3mepvTelH aBJieHHa H3roraB.uBalotca OKBA (Mocksa, 
H-128, Ceapcexoxos3afictpennas, 20). | | 


K ueuatu 4. VIL 1958. TO#100 POCAHMHS/JLAT. Ne Of Sak. 645 
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(POTOROAOD UM ETP 


ABTOMATHUECKHE 


rHna {\GIKe 


HMA ORHCAbDL ABSOTA 
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ABTOMATHYECKHH ®OTOKOJIOPHMETP 
THEA A®K-3 HA OKHCJIbI ASOTA 





A BTOMATHYeCKHIE = (bOTOMIEKTPHYeCKHH = KOJIOPHMeTp 
THHa ADK-3 npequasuayelt 418 pa3jeabuoro (oTo- 
KOAOPHMeTPHYeCKOFO  OLIPe|eJIEHHS| = OKHCAIOB~—a30Ta 
(NO, nw NO) B Bbixgionibix ra3sax Gallelloro mpoHns- 
BOACTBA CEPHOH KHCOThI, NPOH3BOACTBA AB0THOI Kuc- 
JOTbI, &@ TAKKE HB PVIHX HeOKPAaINeHHbIX Pa3ax, ect 
KOHMCUTPalis OKHCJIOB a30Ta He mpeBbuuaeT 1%. 
@ Jlelicrsne upn6opa ocioBano ta H3sMepenli TIpo- 
3PadHOCTH AlaNH3HPVeMOrO Ta3a pH H3MeHeHHH B eM 
KOHUECHTPalHH OKPANICHMOH JIBVOKHCH agota. 
@ Allanusupvemblli ras jlospKen NPOXOMHTb vepe3 
HePpBYIO KOJIOPHMeTPHYeCKVIO TPVOKV C TaKOI CKO- 
pocTbiO, YTOOKL OKHCb a30TA HE VCNeMa OKHCAUTBCH LO 
ABYOKHCH a30Ta, TaK KaK TO NepBoll TPVOKe KOLITPO- 
JUpvetTes! KONMEHTPAalHA ABVOKHCH a3sota. |laoGopor, 
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Craowi3aTop-Veiettecth. 


uepe3 BTOPVIO TPVOKY, HO KOTOPOH KOHTPOJINpYyeTcH 
evMmMa NO, un NO, ra3 upoxoduT ¢ MellbINeH CKOPOCTbIO; 
3a BPpeMH MpOXomK eu (0-7 Mill.) ra3a 4epe3s OKHC- 
JAHTCIbUbDUL OOBEM OKHCb azoTa VeleBaeT OKHCJIHTBCH 
JO JABVOKHCH a30Ta. KomopuMerpHyeckHe TpyOKH H 
TPYOKH OKT bHOrO OObeMa, BO H30eKaNHe OOpa- 
BOBaAHHS BO OHUX TVMala a30THOH KHCJIOTbI, Mojlorpe- 
BaloTes TO. OO--60°C. 

@ Ckopoetbh MNpoxoytuero rasa vepes TpyOKH TOg- 
JACPRHBAeTCH NOCTOSMHOH Up TOMOULM ManoctTata. 
@ Jlamna outiveckoro veTpotictBa mpHOopa MATaeTcs 
OT HCTOUNHKA ¢ HOCTOSIIMbIM CTAOHJIHSHPOBAIHbIM Ha- 
UPWKENHHEM Ma BbIXO,Ie. 

@ UlkKasa BropHynoro upHn6opa rpagvupvetcs B % 
NO, (B jHana3zone or O yo 1%). MakcumMaabuasa no- 
TPelUHOCTL B MOKa3aHHAX UpHOopa cocTaBaser +10% 
OT JHAMASONA TUK aVIbl, 
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@ 6 KomllekT [pHoopa Bxoj DIT: 

1. Jlarunk npHo6opa. 

2, CTaOusM3aTOp-yCHJIMTeJb. 

3. DiekTpomusbTpbl (2 wt.). 

4, BbInpAMHTeb {IA SIIeKTPOMUbTpa, 

Oo. OKUCIHTeIbHaA CMKOCTD. 

6. Bropuyupii mpHodop. 
® 58 xkayecTBe BTOpHYHoro mpHOopa MoryT ObiITb Hc- 
NOJIb3OBaHbI WIEKTpOHHbIe MOTeHLHOMeTpbI DITA, OIIT-09 
WM YKa3biBaIOUlWH MHJIHBObTMeTp MPIIITIp-d4 c¢ 
COOTBeETCTBVIOWIIMM = ;JeIHTeeM Ha Bxoe, 


OCHOBHbBIE TEXHHYECKHE JAHHDIE 


@ |. WIutapwe—ot ceTw Hanps>KeHHeM 220 6; noTpeb- 
AACMAA MOULHOCTh 200 am. 
@ 2. JlaBnenve Ha Bxoje B npHOop paBHo 100 41tm BO; er. 
@ 3. Pacxoy raza cocraBaset 75—100 a/uac. 
@® 4. IlocrosHHaa BpeMeHu T1pHOopa (6e3 yyueTa BJHA- 
HHA Ta3sono,Boqmmeh HHA HW umbTpa): zan NO, 
3 paBpHa 30 ceK., jaa cymmMbpl (NO,+-NO) coctTaBaser 
oO MHH. » 
.@ 5. Moctynaioujaa B mpu6op cmecb jOu2KHa ObITB 
OUHIeHa OT Tb, TYMaHa CepHol KUCOTH UM Bary, 
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bJIOKH THTAHHA BO3STYXOM 
THHA BABuy 


BO THua DPTBat pes esiavenbe jist iia uiis 
HbCSOMECTPHUCO KIN H3MCPHTCTCH CKATHIM BO3 LV XOM H 

HPeeTaBesHor COOOL COCHHCHHE PeAWKTOPa BOsLyxXa, 

WMailOMeCT pa HT hKOHTPOAbHOPO  CTaKaAHWhKa Wa OSLO 

OOHLOH Hae. /LaBelCHie BOS AVXa HeEPel pe AV kK rOpoM 

ORO Oa see ee Se IN Ree: 

@ Las Hpeorepauleliise CG6paTHOroO TepeGpoca AKHAA- 

KOCTH BO BOS VITEBIC KOMMVHHKAILHE Hepeh KOLTpO.Tb- 

HIME CTAKAIIYEBKAME  VeOTATOBSIOIDE  SLOBVIIEK EH. 

@ 2 saBicuMoctH of HasHadellist OTOKH FTO St Mo- 

IVT OHMOTh PaSHoc TWHESEO BbINOOB: 

e baok Di Batel  ojdie Besos. CO; KOT pOslbItbE 

Pa Kadri), 

Padapara OsoKar 2ou. Las < 160) mar Bee 38) ke, 
e baok Dl Bue? jpa BEixoja Cypa KOHTpPO sb iHbIX 
CTARAMMAK a). 

[Gap Dawes ork TS FOR): SEN Bee ay ie 
® baok bIMBa-8 rp Boixoga (Tp KOMTpPOcTbBIbiXx 
CTaARGH Ka). 

Padapurp Ostoka: Jou ~ 230 160) ana: Bee dS Ke. 
@ [lponspogerno O10KOB HHTAHHS OCBOCHO Ha saBo te 


Tpeera oN aMgneproaBbromatiikas (re Nappkob, 20, 


wa. Kaoaabaia, EO), 
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BJIOKH NHTAHHA BO3TYXOM 
THNA BUBu 


JoKH THNa bBIIBuL npequHa3Hayenbl YA nHTaHHA 


TIbeE3OMeETPHYUeCKHX H3MEPHTe/IeH CKATHIM BO3LYXOM H 
MpeqcTaBA1oT COOOH CoeqHHeEHHe pexyKTopa BO3AyXxa, 
MaHOMeTpa H KOHTPOJIbHOrO cTakaHuHKa Ha OjHO! 
o6ujeH NaHesH. JlaBneHve Bo3aqyxa Mepey peqyKTOpom 
MOKeT ObITbh OT 2 WO 10 Ke/cm?. 

@ /[1 npexorspalieHua o6paTHoro NepeOpoca x*uZ- 
KOCTH B BO3YWIHble KOMMYHHKAaLHH Tepe KOHTPOMb- 
HbIMH CTaKaHYHKaMH YCTaHOBJIeHbl JIOBYIIKH. 

@ B 3aBvcHMocTH OT Ha3HayeHHA ONOKH MATAHHA MO- 
rYT HMe€Tb pa3HOe YHCJIO BbIXOJOB: 

@ baox BITBm-l1—ogun Bpixog (OHH KOHTpPOJIbHbIE 
CTaKAaHUHK).. 

[Ya6aputTp! 6O0Ka: 250 158x160 mau; Bec 3 kez. 
@ bBaox bBITBm-2—yBa Bpixoqa (qBa KOHTPOJbHbIX 
CTaKaH4HKa). 

laOaputTbl OnoKa: 2501583160 mm; Bec 3,6 ke. 
@ baox BITBm-3—rTpu Bbixogqa (TPH KOHTPOJbHbIX 
<TaKaH4HKa). 


la6apuret OnoKa: 250230160 mm; Bec 4,8 Ke. 
@ I[IpousBoycTBo 60KOB NHTAaHHA OCBOeHO Ha 3aBoje 


TpecTfa «XHM9HeEproaBToMaTHKa» (Fr. XappxKos, 20, 


ya. KHOanbunua, 10). 
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SPECTROMETRE LUMINEUX 


L’appareil est destiné pour l'analyse des Raman-spec- 
tres des objets de grande dispersion. Il peut étre aussi 
employé a |’étude d'autres faibles spectres, par exemple, 
de ceux de la luminescence, ainsi que pour l’analyse de 
structure qualitative et semi-quantitative de combinaisons 
organiques compliquées et de leurs mélanges. 

Le dispositif principal de l'appareil est un monochroma- 
teur construit d’aprés un schéma original avec deux réseaux 
de diffraction (600 traits per mm, 150 X 140 mm). 

Objectifs: miroirs paraboliques a distance focale de 
800 mm. 

Fentes de 40 mm de hauteur s’ouvrent dans les limites 
deQa2mm. 

Pour développer le spectre il faut faire tourner de dispo- 
sitif avec les réseaux de diffraction. La vitesse d'enregis- 
trement des spectres peut étre modifiée dans les limites 
de 0,25 4 25 A/min. 

Un photomultiplicateur a cathode a !’antimoine-césium 
(PDdY - 17) sert de récepteur de |’énergie. 

Le signal du photomultiplicateur est amplifié par 
l’amplificateur électronique a courant continu. 

L’enregistrement du spectre s'effectue par l'appareil 
enregistreur automatique d’encombrement réduit. 

Le spectrométre peut étre utilisé aussi bien avec un 
monochromateur double qu’avec un monochromateur ordi- 
naire, suivant le caractére de l’objet étudié. 

L’appareil est fourni avec un illuminateur pour l'exci- 
tation des spectres de dispersion de combinaison dans 


les liquides. 


Pour les conditions des fivraisons adressez-vous: 
«STANKOIMPORT», Moskva, G-200, Smolenskdja- 
Sennaja ploshchad, 32/34. 
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LUMINOUS SPECTROMETER 


ADC-12 


The instrument is designed for investigation of Raman-spectra of hetero- 
geneous objects as well as for investigation of other weak spectra, f. e. lumines- 
cence. It may be also used for structural qualitative and semi-quantitative ana- 
lysis of compound organic combinations and mixtures. 

The main assembly of the instrument is the double monochromator of an 
original scheme with application of two diffraction gratings of 600 lines per mm. 
and the ruling area of 150 X 140 mm. 

The objectives are parabolic mirrors with focal distance of 800 mm. 

The slits of 40 mm. in height open within the range from 0 to 2 mm. 

The scanning of spectrum is provided by turning the unit with the diffraction 
gratings. The gear box regulates spectra passing speed in slit plane within the 
range of 0.25 to 25 A/min. 

The energy receiver is a photomultiplier with an antimony-cesium cathode 
type CbOY -17 

The signal from the multiplier is amplified by a d. c. electron amplifier. 

The spectrum is recorded by a small-size recorder. 

The instrument may be used with both the double monochromator and the 


ordinary one depending on the object under investigation study. 


The instrument has a unit for excitation of Raman-spectra of liquids. 


For delivery terms apply to 
“STANKOIMPORT“, Moskva, G-200, 
Smolenskaja-Sennaja ploshchad, 32/34. 
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LICHTSTARKES SPEKTROMETER 
A®C-12 


Das Gerdt ist fir die Untersuchung der Ramanspektren bestimmt. Es kann 
auch nicht nur fiir die Untersuchung schwacher Spektren(Lumineszenzspektren 
und dgl.), sondern auch fir die qualitative und halbquanti ie ru ona 
lyse der zusammengesetzten organischen Verbindungen uffd ihrer Gemische 
verwendet werden. 

Der Hauptteil des Gerdts ist ein nach originalem Schefha gebauter Dop- 
pelmonochromator mit zwei Beugungsgittern (600 Str/ und mit einer 
Arbeitsflache 150140 mm). 

Die Objektive stellen parabolische Spiegel mit 800 mfh Brennweite dar. 

Spalte von 40 mm Héhe wird im Bereich von 0 bis 2mm @effnet. 

Die Abwicklung des Spektrums erfolgt durch die Drehufhg der Einheit mit 
den Beugungsgittern. Die Geschwindigkeitswechselgetriebe ermdglichen die 
Steuerung des Spektraldurchgangs in der Ebene des Sqhites von 0,25 bis 
25 A/min. 

Als Energie-Empfanger dient ein Photo-Vervielfacher mifAntimon-Cdsium- 
Kathode (D3Y - 17). 

Das Signal aus dem Vervielfacher wird durch einen Gfkichstrom-Elektro- 
nenverstdrker verstarkt. 

Die Aufzeichnung des Spektrums erfolgt auf einem Klei§j-Schreibgerat. 

Das Gerdt kann sowohl mit dem Doppelmonochrom@tor wie auch mit 
einem Einfachen-Monochromator verwendet werden, je nach Beschaffenheit 
des zu untersuchenden Objekts. 


Dem Gerdt wird ein Beleuchter fiir die Erregung von Ramanspektren in 






Fliissigkeiten beigegeben. 


Alle Lieferungsanfragen sind an ,,STANKOIMPORT“ 
Moskva, G-200, Smolenskaja-Sennaja Ploschad, 32/34 


zu richten. 
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L' enregistrement de la raie CN 3883,4 — 3771,4 A. 
On voit une résolution nette des raies séparées par la distance de 0,05 A. 


The CN- band record at 3883,4 - 3771,4 a. 
The lines at a distance of 0.05 A are permissible. 


Aufschreiben des Bandes CN 3883, 4—3771,4 A. 
Es ist eine gute Auflésung der Linien, die sich im Abstand von 0,05 A befinden, ersichtlich. 


SPECTROGRAPHE DE DIFFRACTION 


L‘appareil est destiné aux diverses etudes des spectres compli- 
ques exigeant une grande dispersion dans la region du visible de 
2000 4 10000 a. 

Le spectrographe assure une haute qualité de l'image des 
rales spectrales grace au schéma d’ auto - collimation vertical symé- 
trique. 

La distance focale de Vobjectif @ miroir — 4 m, [ouverture 
relative — 1:42. 

L'appareil travaille avec le reseau de diffraction de 1200 
traits/mm ou bien de 600 traits/mm. 


La dispersion linéaire inverse — 2 ou 4 A/mm fonctionnant en 
ordre. 
Le spectre est photographié par parties, chacune de 500 ou 


1COO a, sur un chassis plat de 9x24 cm. 

Parallelement a la prise de photographie du spectre I'échelle 
des longueurs d’ondes est imprimee sur la plaque. 

Le spectrographe comprend: 

systeme d’ illumination achromatique a optique de quartz, a 
trois lentilles: 

attenuateur a étages: 

adaptateur pour la prise de photographie sur le film de 35 mm. 


j-er 


Pour les conditions des livraisons adressez- 
vous: “STANKOIMPORT.. Moskva, 
G:200, Smolenskaja-Sennaja ploshchad, 32 34 
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AOC I 


DIFFRACTION SPECTROGRAPH 


The instrument is designed for investigation of complex spectra 
demanding large dispersion in regions from 2000 to 10000 A. 

Application of vertically symmetric autocollimation scheme 
provides high quality of the photographing of spectral lines. 

Focal distance of mirror objective is 4 m, relative aperture — 1:42. 

The instrument operates in two variants: with diffraction grating 
of 1200 lines per mm or 600 lines per mm. 

Reverse linear dispersion is correspondingly 2 or 4 A/mm in 
the first order. 

Spectrum is photographed by areas of 1000 or 500 A on 9x24 
cm flat plate. 

Along with the photographing of spectrum imprinted on the 
plate is the wavelength scale. 

The spectrograph A@C-13 is equipped with: 

quartz, achromatic three-lense illuminating system; stage 

attenuator; 

adapter for photographing on 35 mm film. 


La structure fine des raies de mercure 3654 A et 4358 a 


Fine structure of mercury lines 3654 A and 4358 A 


Feinstruktur der Quecksilberlinien 3654 A und 4358 A 


bor delivery term: apply to “STANKOIMPORT 
Moskva, © 200, Smolenskaja Sennaja plosh- 


chard, oP Wed. 
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Le stylométre photoélectrique DDC-1 est destiné a l’analyse spectrale 
quantitative des aciers faiblement alliés et d’auires alliages dans la région 
visible du spectre. 

L’appareil mesure le rapport de l’intensité de la rale spectrale de |’élément 
analysé a l’intensité de la lumiére non-décomposée qui est la fonction de la 
concentration de I’éléments dans J’alliage. 

La détermination du taux de concentration de l’élément a doser s’effectue 
en deux ou trois minutes. Le dosage de plusieurs éléments s’effectue succes- 
sivement. 

L’appareil fonctionne dans la gamme des longueurs d’ondes de 3900 a 
7000 A, la dispersion linéaire dans la région de 4700 A etant de 32 A'mm. 

Récepteurs d’émission: cellules photoélectriques & antimoine-césium du 
type CIJB-9. 

Le placement de la raie a analyser sous la fente de sortie de l'appareil 
s’elfectue manuellement, le contréle est fait au moyen de I’oculaire. 

Les résultats de l’analyse sont lus sur échelle de l'appareil de sortie 
JTIB-OF, classe 0,5. 

Le mesurage est automatisé du moment de branchement du générateur 
jusqu’a la lecture des résultats de l'analyse. 

L’appareil complet comporte le générateur a arc et a étincelle a commande 
électronique de l’amorcage. Le générateur assure une haute reproductibilité 
des conditions de la décharge. 


Encombrement de l'appareil en état de service, mm: 
appareil spectral . . 2. 2... ; 1230 < 1700 X 460 
dispositif électrique de mesure... . . - . 516X420 1500 


générateur a arc et a étincelle. . . . . . 650 X 450 < 1400 
Pour les conditions des livraisons Poids, kg: 
adressez-vous: «STANKOIMPORT», appareil spectral. . 2 2... 1... ON8 
Moskva, G-200, Smolenskaja-Sennaja dispositif électrique de mesure. . . . - + . 100 
Ploshchad, 32/34. générateur A arc et a étincelle. . . . . . 160 
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The photoclectric steelometer is designed for carrying out quantitative spectral 


analysis of low-alloy steels and other alloys in the visible region of the spectrum. 

By means of this instrument, the ratio is measured of the radiant fluxes of the spec- 
tral fine of the element under study to the undecomposed dight. This ratio is the function 
of the clement concentration in the alloy. 

The determination in percentage of the concentration of one clement under study ts 
done in two or three minutes. The analysis of several elements is carried out consecutively. 

The instrument operates within a wavelength range of 3900 to 7000 A with tine dis- 
persion in a region ol ST00A 32 A/mm. 

Radiation receivers ~- CLUB-9 antimony-cesium photocells. 

The adjustment of a desirable line against the exit slitof the instrument is carried 
out by hand. Control is accomplished through the eve-piece. 

The result of the analysis is read fromthe seale ofthe JUIB- OF exit instrument. class 0.9. 

The measurement process is automatic from the moment when the generator is 
switched on until the analysis results are obtained. 

The instrument set includes an are and spark generator with an electronic igniting 


control. The generator ensures high reproduction of discharge conditions. 


Qhyerall dimensions of the instrument when in operation, mm: 


spectral instrament oo 0.0.0.0. 0.0. 2. 6 6 6 » $250x 1700x400 
electromeasuring arrangement .o. 0... 0. . . dIOx420x 1500 
are and spark generator. 2.0.0.0. 0.0. . + . 630x450x 1400 
Weieht. ke: 
: F * ft : ; : : «i Bpcty es ian ' ae < 
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are and spark generator, 20.0.0. 608). . . 160 7 
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PHOTOELEKTRISCHE 
STEELOMETER (09C-1 






F Das photoelektrische Steelometer @9C-1 ist fir 
” die quantitative Spektralanalyse von schwadhlegierten 
- Stahlen und anderen Logierungen i im sichtbaren Spek- 
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COMPARATEUR 
DE COULEUR 


LR eset RS. RR Rita ha ae andieg ohh. Sh, Tera Gwes pA Gs Pe Reo 
nation de differences minces de couleur. 

Pris en usage dans différentes branches de l'industrie : polygraphique, 
textile, de laques et de couleurs, céramique et d'autres pour comparer les 
couleurs de la production avec les étalons. 

ve soumettent 0 ight hee cs laa solides, la surface desquels diffuse 


La source ae oe Bet une iain: a Mineuneeceenee a 12 V, 100 W. 

Le recepteur de l’énergie lumineuse — deux cellules photo-électriques 
a selenium. 

Renforcateur des courants photo-électriques est un pont symétrique équi- 
libre dans la diagonale duquel est mis en circuit un galvanometre de la 
sensihilita de 19-6 A division 

lrots filtres colores sont assortis conformement a la caracteristique de 
l'oeil. 

L'appareil est trois fois plus sensible que I’ceil humain. 

Le diaphragme de mesure avec l'échelle circulaire sert pour la compen- 
sation de l’inclinagison de zéro-instrument. 

L’alimentation se produit du réseau du courant alternatif ( 220 V, 
YU litttlé } Uvec J thlernmeurrrie Ge | arranyement special ciimentaire entrant 
dans l'assemblage de l'appareil. 

Erreur relative des mesurages ne dépasse pas 3". 


Encombrement, mm: 
de l'appareil . . . . Rook oom &. ko BOR 27a OAS 


sf Ne ee 7 , go Ber jaa vat mae a 


Poids, kg. we, CUM ee Pm Oa LS 


Pour les conditions des livraisons 
adressez-vous: 


«STANKOIMPORT»,. Moskva, G-200, 
Smolenskaja-Sennaja Ploshchad, 32 34. 


Section de I'URSS 4 Il'Exposition Universelle et Internationale de Bruxelles 1958 
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COLOUR 


COMPARATOR 


(DAL [-56 


Ihe ‘PILL56 is an objective photoelectric apparatus and 1s designed to 
_ determine small differences in colours. 


It is used in printing, textile, varnish and dye-stuff, ceramic and othe: 
industries to compare colours of produced goods with standards. 


To tests are subjected light scattering and transparent solids and liquids. 
The source of light is a 12V filament lamp of 100W. 


Two selenium photoelectric cells serve as the receiver of the energy 
of light. 


The amplifier of photoelectric currents is o symmetrical balanced bridge 
in whose diagonal a I'MII galvanometer with ao sensitivity of 10-6 A div. is 
included. 


Three light filters are selected in conformity with colour characteristics 
of the eye. 


The apparatus is three times more sensitive than a human eye. 


The measuring diaphragm with a circula: scale serves to compensate 
the deviation of the zero-instrument. 


Power supply is received from A.C. 220V 50 cycles mains through a 
special feeding unit which is attached to the apparatus. 


The relative error of measurements is not more than 3", 


Overall dimensions, mm: 


Apparatus . . 2... ww ew ee. 386 PPK x 248 
Feeding unit . . 2... ...2~~; _ 315% 210% 341 
Weight, kg « . e ‘ * . . « . se + . - . 15 


For delivery terms apply to 


“STANKOIMPORT”, Moskva, G-200, 
Smolenskaja-Sennaja Ploshchad, 32/34. 


USSR Section: Brussels Universal and International Exhibition 1958 


Preirope Wada. ean Meds 20 26 
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OPTISCHER 
FARBENVERGLEICHSAPPARAT 
KOMPARATOR 


(PHIL-56 ist ein fotoelektrisches Objektivgerat, das zum Erkennen kleiner 
Farbenabstufungen (Farbennuancen) benutzt wird. 

Fs findet Verwendung in der Buchdruckindustrie, Textilindustrie, keramt- 
schen tndustrie und anderen Industriegebieten und dient zum Vergleich der 
Farben der Werkserzeugnisse mit angegebenem Vergleichsmuster. 

Es werden untersucht: feste Korper, deren Flachen das Licht 7erstreuen, 
durchsichtige feste Korper und Flussigkeiten. 

Als Lichtquelle dient eine Gluhlampe 12 V, 100 W. 

Als Lichtempfanger — zwei Selenfotoelemente. 

Als Verstarker des fotoelektrischen Stromes dient eine symmetrische 
balancierte Briickenschaltung mit einem Galvanometer (Mikroampere- 
messer) Typ I MII von 10-6 A Teilung Empfindlichkeit auf der Dicgonale. 

Drei Lichtfilter entsprechen der Charakteristik der drei Netzhautfarben- 
empfanger des Auges. 

Das Gerdt ist dreimal mehr empfindlich als das Menschenauge. 

Ein MeBdiaphragma (Blende) mit Ringskala dient zur Kompensierung 

der Null-Stellung des Gerates. 
Das Gerat wird gespeist vom Wechselstrom- 
net 220 V, 50 Hz mittels einer spezicllen Speise- 
vorrichtung, die als Teil dem 
kompletten Gerat zugehort. 

Der relative Fehler der 

Messungen betragt 3 “4. 


AuBbere Abmessungen mm: 
des Apparates 386 275 - 248 


der Energiespeisevorrichtung 


315 - 210141 
Gewicht, kg 15 





Alle Lieferungsanfragen sind an 


p ol ,STANKOIMPORT", Moskva, — G 200, 


: i Smolenskaja-Sennaja Ploshchad, 32 34 
, a zu _richten. 
* , 


Abteilung der UdSSR auf der Allgemeinen Weltausstellung in Brussel 1958 
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BRUXELLES 


SECTION DE LO URSS ATOEX POSITION UNIVERSELLE ET INTERNATIONALE DE BRUNELLES 1958 
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APPAREIL CARACTERISTIQUES TECHNIQUES 


CINEMATOGRAPHIQUE - | 
D E PR | S E S DE U E S Fréquence des prises de 
R AP E 


V vues, Images/see.........0+.+.. 5000 a 100000 
EXTRA- ID 
Distinice: eee Wn: 66 6-k Se ewe OS Oe eo . 58 


La ‘AUMCEA MD ][-229 est destinée 1 hay cimeémato- Ouverture relative bas a gh 6a! es We Blase, eile Sey OE! aya wns 1 : 11,6 


eraphie de processus se passant rapidement, avec Capacité de résolution, 

“ pan ; lignes/mm ..... + Ges Aa A Eee eee dees Ae 

obtention de films pour projection cirecte. Bie 
Grossissement du viseur ...........2.- .. ..4,6* 


Principe du travail. Lfobjectif 2 ct Ta tentille 3 Largeur de la pellicule, mm........... ....... 8 


vortent Vimage Vun object Gloigné a Vinfing sur 
= - Format des imaves, mm .. .........++- 3,6% 4,8 
le miroir tnelinég / tournant rapidement. La lentille 

, oa Nombre dimages obtenues 
eollective 2 forme la pupille du systéme de péne- par prise de vues... ec. ccna. cece ee. 7600 


a oe 
“ation sur in couronne avee objectifs 5, Pobturateur 
(nition sur ktcou : y Loneueur de la bobine,m .... .....+....0..- 30 


optique assurant exposition successive des dmages 
Durée de la démonstration d’un film 
est représenté ao Pentrée de la couronne avec Goinpilety MIM, veweoseewdas oe Sets Cngisdescccaee: oe 


lentilles, KEneombrement, m.........+2.eee+- 1,7 0,7 < 0,8 


* eye b id ne . . . r 2 . 
Les objectifs (ransportent Pimage du miroir sur poids, Lites bateaane ane Aub inenintene ies AO 
la pellienle & logée en spirale avee mouvement 


strictement synchronisé avec la rotation du miroir. — Complexe: 


See OA etl datne 
ei (eed * Stalls NS) CLlALrAage ? 
ly, Stlilisahionede Installations d’éclairage ; 


Le prisme rotatif 7 sert a - 
Jeu de lentilles de mise au point pour cinématographie 
Vimage en supprimant la déformation amenée par depuis Pinfini jusqwh moins dun metre; 
; Bie, Fréquencemetre ; 
la rotation du miroir. 
Installation de développement ; 
Alimentation électrique: Appareil de projection cinématographique; 


r J Boites pour la pellicule et accessoires. 
courant triphasé 220 V. 1akVA; 


courant continu 24 VY, 4+ A. 


Pour les conditions des livraisons adressez-vous: 
(STANNOLM PORT , Moskea, G-200, 
Smolenskaja-Nennaja Ploshchad 32/84. 


Organes de commande situés A droite de la caméra 


Pendant la mise en place de la pellicale et a Ja fin 
du filinave te tambour se trouve & gauche, 

La camera étant préete pour le filmage, Je tambour 
se troave dans Ia position initiate. 


La camera est pourviae de svnchronisateurs, 


All controls are arranged on the right-hand face of 
the camera. 

When loading and at the termination of photograph - 
Ing the drum is in the left-hand side position, 
The camera is ready for photographing, the drum 

is at the initial pornt. 


The camera is provided with a synchronization device, 


Die Steuervorrichtunzen sind am=orechten Kaamera- 
ende angebracht. 

Withrend der Ladung and am Ende der Aufnahme 
befindet sich die Trommel in der linken Stellung, 

Wenn die Kamera zur Filmaufnahme vorbereitet ist, 
dann befindet sich die Trommel in der Aussangs- 
stellune, 


Die Kamera ist mit Cinem Synachronisator versehen, 
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The PIT-22 cinema camera is designed for the SPECIFICATIONS 


photographing of transient processes. 
Exposure frequency, frames 
aot 4 - ay ry + 4 ‘) 1 + } cy 1 mh 

Operation principle, Lens 2 in conjunetion with POP $C. ee ee aes et eR _. 5000-100000 

collective lens $ gives the image of an object in 4, 
. pa J Focal Jéngthyamnioo s+ 0s eaes wardenaeeecs . zs 58 

the infinite distance on a sloping swiftly rotating 

Relative aperture .... 006 cree ecceeneae 1416 
mirror -£. Colleetive lens 2 gives the image of the 


: : : ; 7 Resolving capacity, line/fmm..........0-... 40 
system inlet puptl on a rim with lenses 6. The E 7 


re e . . . . 
. ne Pe . . . iew-finder magnification ........... gen: Mf, 
image of the inlet pupil skimming over the surface Y!€¥ 8 4.6 
of the rim with lenses acts as an optical obturator Film width, mm....... ee 
and imsures a successive exposure of frames. Frame size, mm .......+. Mevintheers BOXLS 


The objective-lenses transfer the image from the — ;umber of frames obtained 


mirror on to film 6; the latter is arranged spirally Ht-One takin <<.oscsese wk ne eee arte 7600 
and runs in an evenly advancing motion in strict Magazine capacity, mm.......... eee | 
econeurrence with the rotating mirror. Show time of one film, min....... stags Steus 

The rotating prism / serves as an image stabiliz- Geant dincusienetassascs 4.70.7 08 


ing safeguard against the turning effect of the 
; ; Weight of camera, kg... ......00.00+200- GAO 
rotating mirror. 


Electricity feed: 


Unit accessories: 


220 V, 1.7 kVA three-phase current, lighting appliance ; 
eee set of lenses focussing at distances from less than 
24 Vy 4 A constant current. a meter to infinity ; 
frequency meter; 
For delivery terms apply to developing equipment; 
“STANKOIMPORT”, Moskva, G-200, cinema projector; 
Smolenskaja-Sennaja Ploshchad, 32/34. film magazines and other accessories. 


SUPER-RAPID 
CINEMA CAMERA 
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TECHNISCHE CHARAKTERISTIK 


Aufnahme-Frequenz, Kader/Sek. . 5000—100000 
Fokus-Abstand, mm ........cceceeeee sees 58 





Relative Offnung dcisane ee Se ea alee ese 1:11,6 

Auflosungs-Vermoven so... eee eee share hs .., 40 

Visier-VergréBerung 2.0.0.0... cee eee ee ee 4,6" 
DIE HOCHGESCHWINDIGKEITS- sreite des Filmbandes, mm ...........00008 8 
KAMERA ae 

Kader-Dimensionen, mm............. 3,6 x 4,8 


FUR KINOFILMAUFNAHMEN 


Aahl der Kader, die bei einer 

Filmaufnahme erhalten werden ........ 7600 
Kassetten-Volumen, me... ee. eee eee ee eee 30 
Demonstrationszeit des ganzen Films, Min. ... 8 
Gabarit-Dimensionen, m........ 1,7 x 0,7 <0,8 
GOWICi RD sagem pate 2 ating sea e bias 340 





Die Kamera IT - 22 ist. fiir Kinofilmaufnahmen schnellablaufender Pro- 
zesse bestimmt mit) der Erhaltang von Filmen, die fiir direkte Kino- 
projektion gecienet sind, 


» 


Wirkungsprinzip. |):< Objektiv 2 zusammen mit der Kollektivlinse 23 
bildet den unendlich entfernten Gegenstand auf dem gencigten, sich schnell 
drehenden Spiegel -4 ab. Die Kollektivlinse 3 bildet die Hingangsétfnunge 
des Systems auf der Korona mit den Linsen J ab. Die gleitende Abbildung 
der Ktnganesdffnung auf der Korona mit den Linsen stellt den optischen 
Obturator dar, weleher die aufeinanderfoleende Iexponierung der Kader ge- 
Wiihrleistet. 

Die Objektive Gbertragen die Abbildung yom Spiegel auf den Film 6. der 
In Form einer Spirale angeordnet txt und sich bei der Filmautoahme in 
strenger Ubereinstimmune mit der Drehung des Spiegels vleichmaBie-fort- 
schreitend beweet. 

Das sich drehende Prisma / dient: zur Stabilisierung der Abbilduneg 


gegentiber Drehung, die durch Rotation des Spiegels heryorgeruten wird. 


Elektrizitatsspeisune: 
Dreiphasenstrom 220 V, 1,7 kVA 
Gleichstrom 24V, 4 A, 


Apparatur-Bestandteile: 
Belichtungs-Kinrichtungen ; 


Fokussierende Linsen zur Aufnahme 
aus Kntfernungen von unendlich bis 
zu Meter-Bruchteilen: 


Frequenzmesser : 


Alle Lieferungsanfragen xind an hntwiecklungs-EKinrichtungen ; 
MLANNOIMPORT, Moskva, G-200, Kinoprojektor ; 
Smolenskaja-Sennaja Ploschad, 32/34 2 richten, Kassetten fiir den Film und Zubehor, 





USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 


ABTEILUNG DER UdSSR AUF DER ALLGEMEINEN WELTAUSSTELLUNG IN BRUSSEL 1958 
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rFASOAHAJIMV3ATOP tuna THM-5 


a3o0aHaH3aTop Tuna THMII-5 npegcrapaser co6oh crTraln- 

OHapHbIN aBTOMATHYeCKH jelHCTBYIOWWHH, mMOKa3blBaloulnit 
H PpCrHcTPpHPYHOWIHH NpHOop Ala HeNpepbiBHOTO onpeacJieHHsl 
COP AHHH OJHOFO H3 KOMIIOHEHTOB B Tra30BOH cMeCCH. 

PaOota fra30aHaIH3aTOpa OCHOBaHa Ha MpHHWHNe H36nDAa- 
TC.IbHOrO TIOPIOWCHHA HH(PakpacHoro H3JIy4eHHA aHaJIHSUpy- 
CMbIM KOMITOHEHTOM. Ta3oaHadn3atop TVII-5 usrorosisetca Ha 
Oa3e XIEKTPOHHOFO NOTeHUHOMeTPAa THNAa JIT. 

Ulka.1a npHOopa rpankyupyerca B OObEMHbIX MPOWeHTAaX aH2- 
AH3HpyeMOro KOMMOHeHTa. M3MepeHHaA MPOK3BORATCH KOMIeH- 
CAILHOHHbIM MeTOJLOM. 

VMerouHuKaMH HH@pakpacHOro H3c1YYeCHHH ABJIAIOTCH Be 
HHXPOMOBbIe CNHPaIW, HakaJIHBaCMbIC 3ICKTPHYCCKHM TOKOM. 
IlorokKH HA@pakpacHoro H3.1yYCHHA OT HarpeTHlX cnupaeh npe- 
PbIBAIOTCA OOTIOPATOPOM, MPOXOAAT Yepe3 Be MapasecIpuo 
VCTAHOB-ICHHbIC KIOBCTbI H MOMaaloT B JYUCNPHeEMHHK, B KOTO- 
POM HPOHCXOQHT CpaBHeHHne sHeprHH moTokoB. Uepes onHy H3 
KIOBCT — H3MEPHTeJIbHYIO — HeMpPepbIBHO MpOyBaeTCA Ta30Basxt 
CMeCb, COJepKallad aHaIH3HPYeMbIM KOMIIOHEHT, KOTOPbIM M0- 
iloulaeT YacTh MOTOKa HH@pakpacublx JlyyeH. Bropasa kiopeta— 
CpaBHHTeJIbHad — 3anOHeHa BO3SAYXOM, H TIPOXOAAULHH Yvepe3 
Hce MOTOK JlyyeH ocTaeTCH HeEH3MeHHbIM. I]osTOMY B KaMepbt Jjy- 
UCHPHEMHHKa WonadqawT MOTOKH, Ppa3HOCTb 3HEPrHAH KOTOPbHIX 
SABHCHT OT KOHIUCHTPanuH anaJIH3HpyeMOro KOMIMOHEHTA B 
CMCCH. 

JlyucnipHeMHHK HMeeT JIBe Ka@Mepbl, HaNOJINCHHbIe AaHacIM3H- 
PYCMbIM KOMIIOHEHTOM H OTevIeHHbIe APyr OT Apyra MeMOpau- 
HbIM KOHA@HCaTOPOM, M€MOPaHa KOTOPOrO BOCNPHHUMaeT Tepc- 
lak WaBJleHHA Me*KAY KaMepaMuH. IIpepbiBaempic OOTIOpaTOpoM 
NOTOKH .J1YYeCH MePHOAMYeCKH CO3MaloT Me@x*KY KaMepaMH .1yUC- 
NpHCMHHKa mepenay MaBlicHua. [Ipu paBeuctBe 3HeprHH TOTO- 
KOB CHrHa.1 OT JlyuenpHeMHHKa He noctynaert. [IpH nepaBeHncTBe 
HNOTOKOB MeMOpaHa KOHJeHCaTOpa HauHHaeT KOCOaTbCH HW BO3- 
HHKaeCT M€peMeHHbIM TOK, KOTOPbIH MOcTyNaeT BHAYaIC Ha mpes- 
BAPHTCJIDHbIN, a 3aTeM, I10C.1C BbINPAMJIGHHA, Ha OKOHCUHbIT 
YCH/IMTC1b H IIPHBOAUT BO BpallleHHe PeBePCHBHbIH JLBHTaTe.tb. 
C Bacla PCBePCHBHOTO JLBHTaT@Ia ABH KeHHe uepes TATY TI¢cpe- 
slaeTest. 1a KOMMNCHCAWHOHHYIO 3aCJIOHKY, KOTOPaA YMCHbIUNacr 
HMOUWALb HHYKHErO OKHA CPaBHUTC/JIbDHOH KIOBCTbI JLO TeX TOP, 
NOKA MOTOKH BHOBb He ypaBHaAloTca. Takum OOpa3oM, B MpHGope 
ABTOMATHYUeCCKH YCTAHAB.IHBaeTCH PaBeHCTBO MOTOKOB H, CJIC]LO- 
BaTCJIbHO, HYJIb CHrHaJla. Kak WOW KOHUeCNTpallHn UccekyeMoro 
ra30BOrO KOMIIOHEHTA COOTBETCTBYCT ONpesesICHHOe MOMOXKeCHHE 
KOMIeCHCHpYIOUleH 3aCJIOHKH H KHH€MATHYeCCKH CBAZAHHBIX C Hell 
YKA3bIBalOlleH CTP@IKH HW 3aNMHCHIBAIOULcro nepa mpHb6opa. 
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Buytpennua Bia ra3oanamusaropa Tuna [HITI-o. 


Taz3oanau3atoppt Tuna [CMII-5 uszrorapiuBatwrca aa aHa- 
H3a Ta30B, YKa3aHHbIx B TaOTHLe: 








[lorper - 
lloxa3aHHa |HOCTb B No- 


AHAcHISHPYyeM Ait Ta30paa CMCCb, B Koropoll onpese- UWiKaJIbl Ka 3aHHAX 
KOMUOHCHT JASETCS KOMSOHCHT mpuGopa, | mpr6opa, % 
% OT 7WaMa30- 


Ha WKATI 


ee se re 


ee NPOH3BOACTBEHHAIX HOMC- 

FILO TTEGE tFy. ee tee > ee Syre eee 
Oke yraepoj;ta (CO) | AsoTo-Boxopoynan CMecb B npo- 
H3BO;ICTBE CHHTETHYCCKOTO aM | 


Oxkneb yrteposla (CO) ot 
00,05 | +410 











MITA so wn a a, doc ese Je a A ate, 
To we KoupepripoBanhblit ras B pons: | 
BOJCTBC CHUTETHYECKOTO AMMHa- 
WAG te, ok a he eee Dstt oh ha 5s “| Q=-10 =a) 
J Ubyokiech yrereposa As0To-Bosoposnad CMecb B_ Ipo- 
(COs) H3BO/ICTBe CHHTeTHYeCKOTO anN- 
MHaKa . ww ee ee ew ew ee | O--0,1 GH 
To *Ke [a3 nocae BOANOH OUNCTKH B Npo- 
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mt Der in der UdSSR weitverbreitete Quarz-Spektrograph 

der mittleren Dispersion MCII-28 ist fiir die industrielle 

: ‘ Spektralanalyse und fiir die Lésung verschiedener wissen- 

A schaftlichen spektroskopischer Aufgaben bestimmt. 

i Durch die Anwendung des spharischen Kollimator- 
spiegels und des Doppel-Quarz-Objektivs wird im Gerat 
- eine hohe Qualitat des Spektrallinien-Bildes und ein flaches 
= Spektrumfeld erreicht. | ! 
a Das gesamte Spektrum im Bereich 2000—6000 A wird 
LS auf eine 9X24 cm-Platte photographiert. 

{ Die Dispersion des Spektrographen ist geniigend, um 
Spektralanalysen von mittel-legierten und legierten Stahlen 

ss durchzufiihren. Fir 2500 A betragt die reziproke lineare 

: fe SS Dispersion 9 A/mm. 

he | Zum Spektrographensatz gehdrt ein Dreilinsen-Be- 

; oe leuchtungssystem, ein Quarz-Kondensor, drei- bzw. neun- 

es stufige Abschwicher. 

os 
. Alle Lieferungsanfragen sind an 

»STANKOIMPORT“, Moskva, 
| G-200, Smolenskaja-Sennaja 
“ Plosechad, 32/34 zu richten 


ABTEILUNG DER UdSSR AUF DER ALLGEMEINEN WELTAUSSTELLUNG IN BRUSSEL 1958 
Buemropraggar. 3anas MB - 872 -26 
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SPECTROMETRE INFRA-ROUGE 


L’appareil est automatique, a deux faisceaux, destiné a 
l’enregistrement des spectres d’absorption des substances 


so ides, liquides et gazeuses dans |’infra-rouge. Les résul- 





tats sont exprimés directement en pourcentage de la trons-" me 


mission. 


Il peut aussi fonctionner comme appareil ¢ a un faisceau, 


Dans |l’appareil est appliquée optique asphérique é a 


miroir. 


Le récepteur de radiation — un bolométre métallique é a 


vide @ une sensibilité de seuil de 5 — 7: 10° 10 \W. 


Un assortiment de prismes en verre, én: fiucrare de li- 
thium, en chlorure de sodium et en bromure dé’ potassium — 


assure le fonctionnement dans |’intervalle compris’ entre 
0,75 et 25 p. ss 

L’ouverture des fentes est abtometique: 

Le spectre est enregistré sur’ une bande de papier en 
échelle réguliére des longueurs. d’ ondes ou en échelle des 
nombres d’ondes. En méme. temps des points. de repére 
sont portés automatiquement ‘sur la bande avec les inter- 





valles: ‘de 5, 10 ou 20 divisions du tambour des longueurs . 
eed: ondes. on s: : 
. i équipement Ssinblet comprend un assortiment de Cur 

SS vettes de différentes épaisseurs pour les Hguldes et les. gaz, : 


aor Pour les conditions 
i des livraisons adressez-vous: 


«STANK OIMPORT:», Moskva, G-200, 
Smolenskaja-Sennaja ploshchad, 32/34. 








a 


INFRARED SPECTROMETER 





Serial automatic double-beam spectrometer is designed for recording absorption 
spectra of solid, liquid and gaseous substances in the infrared region. Reads di- 
rectly in transmission percentage. 

The instrument can also operate by using the single-beam scheme. 

Aspheric mirror optical elements are used. 

Radiation receiver — a metallic vacuum bolometer whose threshold sensitivity is 
5—7x10-7° W. 

A set of glass prisms, lithium fluoride, sodium chloride and potassium bromide 
enables operation in the range from 0.75 to 25 microns. 

Slits are opened automatically. 

Spectrum is recorded on a paper strip, a uniform scale of wave lengths or wave 
numbers being used. 

Simultaneously with spectrum recording reference points are made on the strip 


at interval of 5, 10 or 20 divisions of the wave lengths reel. 


: te A set of containers of various thickness is provided for liquids and gases. 


For delivery terms apply to i oe > i” ‘. 
“STANK OIMPORT”, Moskva, G-200, 
Smolenskaja-Sennaja ploshchad, 32/34. 
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Das serienmdfige automatische Zweistrahl-Spektrometer ist fiir die Re- 

gistrierung der Absorptions-Spektren von festen, flissigen und gasférmigen 
' Stoffen im infraroten Gebiet bestimmt. 

Die Ergebnisse werden unmittelbar in °/o der Durchldssigkeit abgelesen. 

Das Gerdt kann auf Wunsch auch nach dem Einstrahl-Schema arbeiten. 

Im Gerdt ist die asphdrische Spiegeloptik angewandt. Als Strahlungs- 
emptanger dient ein Metall-Vakuum-Bolometer mit einer Grenzempfind- 
lichkeit 5 — 7+ 10-7° Watt. 

Die Arbeit im Bereich von 0,75 bis zu 25 w wird durch einen Prismensatz 
aus Glas, LiF, NaCl und KBr gewahrleistet. 


Die Spalten werden automatisch gedffnet. 


Ne et re mein eens 5 


Das Spektrum wird auf einem Papierstreifen nach einer gleichmaBigen 


a Wellenlangen-Skala bezw. nach einer Wellenzahlen-Skala aufgeschrieben. 


Gleichzeitig mit der Registrierung des Spektrums werden auf dem Strei- 


fen Marken mit einem Intervall von 5,10 oder 20 Skalenteile der Wellen- 


langen-Trommel aufgezeichnet. 


j 
t 
| 
t 


. keiten und Gase ausgestattet. 


Das Gerdt ist mit einem Satz Kiivetten verschiedener Dicke fiir Flissig- 


Alle Lieferungsanfragen sind an 
»STANKOIMPORT", Moskva, G-200, 
Smolenskaja-Sennaja Ploschad, 32/34 


zu richten. 
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L’interférométre AT-28 4 diate vaanuble du type 

Fabry et Pérot, est destiné aux travaux différents com- 

_ prenant les études de la fine structure et des contours 
des raies spectrales. 


Il est possible de livrer l’appareil de deux types: 
MT-28/30 — avec un assortiment de 18 anneaux de 
raccordement de 0,3 4 30 mm d’épaisseur; 


MT-28/150 — avec un assortiment de 5 anneaux de 
raccordement de 40 4 150 mm d’épaisseur. 

Chacun de ces deux types est muni de deux paires de coins 4 miroir: 
pour la région du spectre de 2000—3500 A, une paire de coins en quartz 
cristallin avec un revétement d’aluminium dont le coefficient de réflexion 
est de 80—84"/,; 
pour la région du spectre de 3200—5600 A, une paire de coins en quartz 
fondu, avee un revétement a plusieures couches assurant le coefficient de 


réflexion de 87— —92°/,. 








‘L’appareil complet est livré 
avec trois objectifs achromati- 
ques a distances focales de 150, 

250 et 500 mm. 


Pour les. conditions des livraisons 
adressez-vous: 
«STANKOIMPORT>. Moskva, 
G — 200, Smolenskaja-Sennaja 
Ploshchad, 32/34. 


Interferometer HT-28 of the Fabry and Perot type with 
alternating distance is used for various kinds of work con- 


nected with study of fine structure and contours of spectral 


lines. : . | | ay 


’ Two versions are manufactured: | nS 
M1 T-28/30 — with a set of 18 rings from 0.3 to 30 mm thick: & 


MT-28/150 — with a set of 5 rings from 40 to 150 mm thick... & RS 


Each of these has two couples of mirror wedges: - <n 
for spectral region 2000—3500 A — a couple of crystalline S 

quartz with alluminium coating having reflection power 

of 80—84°/,; : 

for spectral region 3200—5600 A — a couple of fused quartz 

with multi-layer coating. providing reflection power of ; é 
87—~92°/,. | 


The set includes three achromatic objectives with focal 
distances of 150, 250 and 500 mm. oe aa. 


For delivery terms apply to 


“STANKOIMPORT”, Moskva, — 
G - 200, Smolenskaja-Sennaja 


ploshchad, 32/34. 


Das Interferometer VMiT-28 nach Fabry und Perot 
mit variablem Abstand ist fir die Durehftihrung 


-von verschiedenen Arbeiten bestimmt, die mit der 


Untersuchung von Feinstruktur und von Umrissen 
der Spektrallinien verbunden sind. 

Das Gerat wird in zwei Varianten hergestellt: 
HT-28/30 mit einem Satz aus 18 Zwischenringen 

von 0,3 bis 30 mm Dicke; . 
MT-28/150 mit einem Satz aus 5 Zwischenringen 

von 40 bis 150 mm Dicke. 

Jedes Gerat besitzt zwei Paare Spiegelkeile: 
fiir den Spektralbereich 2000—3500 A — ein Paar 
aus kristallinem Quarz mit Aluminium-Uberzug - 
mit einem Reflexionsfaktor 80— —84°),; 
fiir den Spektralbereich 3200—5600 A — ein Paar 
aus geschmolzenem Quarz mitmehrschichtigem Be- 
lag, der einen Reflexionsindex von 87—92"/, ge- 
wabrleistet. - 

Zu dem Geratsatz gehéren drei achromatische 
Objektive mit einer Brennweite von 120, 250 und 
500 mm. 
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Alle Lieferungsanfragen sind an 

»STANKOIM PORT“, Moskva, 

G - 200, Smolenskaja-Sennaja 
Ploschad, 32/34, zu richten. 
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KOHIJLEHTPATOMEP THA KCO-2 
AIA CEPHOM KMCJIOTbI HW OJIEYMA 


Fe oe paromen Tuna KCO-2 npeycrapasert co6ow aB- 

TOMATHYECKHH NpHOOp ja HeNpepLiBHOrO onpeyjeme- 

HHA KOHUCHTpalMH CepHOH KMCNOTbI HW OvleyMa, Tipote- 
KaloulwxX yepe3 jaTuHK MpH6opa. Konuentpatomep 
MpeAHasHayeH JIA VCTAHOBKH Ha 3aBO]ax, Pye MOKeT 
ObITb OOecneyeHO HepepbiBHOe IpOTeKanHe CepHolt Kuc- 
JOTbI WH OF€VMa Yepe3s AaTYHK Mpu6opa. IIpu6op 
MOACT ObITb IIPHMCHEH TakxKe AIA onpeyenenna KOH- 
HeHTPpalnh Pa3MYHbIX KUCJIOT H COwel, 3eKTpoNpo- 
BOJAHOCTh KOTOPbIX 3a4BUCHT OT KOHIeHTPalHH., 

@ IIpn6op cocrout v3 cneqyiowux ocHoBHBIX yacreli: 

1]. Jlarumka kouwenrpatomepa. 

2. Bropyunoro npHOopa—ctanyapTuHoro aBroma- 
THY€CKOTO PaBHOBeCHOrO MOCTa C HeCKOMbKO 
BUOH3MeHEHHOH SJIEKTPHYeCKOH cxemoll, 

@ Upuunun jelicrpus KOHHeEHTpaTOMepa OCHOBaH Ha 
H3MCPeCHMH SJeCKTPONPOBONHOCTH cepHok KucaoTH. Ho- 
Me€peHHe MpPOH3BOAHTCA MO CXeMe paBHOBeCHOrO MmoctTa 
NepeMeHHOrO TOKa, B KOTOPOM JBYMA MWwiedamyu mocta 
CTYRAT MIEKTPOAHbIE AYEHKH, YCTAHOBJIEHHbIC B yaT- 
uuke TipHOopa. Hlkana Bropnunoro npH6opa rpayyu- 
popana B %o H,SO, wan % SO, (cBo6.). Jaa Kucaorl 
AaTSHK H3POTOBAAeTCA H3 YyryHa HW COCTOHT H3 Kop- 
Nyca, BHYTPH KOTOPOrO BCTaBJAeTCA CTakaH, B KOTO- 
POM S3aKPEIVIe€Hbl YBa H3MeCPHTebHbIX 3IeKTPOya H 
CPaBHHTebHad auevka JA TeMNepaTypHOH Kommenca- 
WH, 
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@ Jlaruvk a8 oneymMa usroTOBAReTcA 43 O6bIUHOT 
CTA, 

@ [Ipeyetb wKadbl Hv Norpemnocts mpu6opa NpuBe- 
AeHbI B CNeqyiomeh Ta6nnue: 














bb oO 3 
ay Hanmenosanne mpu6opa TIpewleabl mK ant nt aa 
] KonucntTpaTomep Ha MOHO- 
rapaT . . - 6... «| 95-99% H,SO,} +0,2% H,SO, 
2 | Konuextpatomep Ha cy- 
IUHTDHYIO KHCIOTY —« «| 93-97% H,SO, | +0,3% H,SO, 
3 | Kouuentparomep na oaeym| 15—25% SO, |+0,5%SO,cBo6. 
! ae ne 
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MAYTHUTHbIM. FASOAHAJIN3A TOP 
THITA MYPK-2 


Meets rasoaHamu3zatop Tuna MIK-2 nmpexua3uaueH quia 

HelpepbIBHOrO ONpeAeeHHA WIM peryHpoBaHHA coepKanuA 
KHCOpOa B XBOCTOBbIX ra3ax TPH NpOM3BoAcTBe a3OTHOH KNC.AO- 
Tbl, CCPHOH KHCJIOTbI M YKCYCHOH KMCJIOTbI, a TaKKe JIA KOHTPOJA 
oOoraljeHHOroO AYTbA, TOMOYHIX Ta30B HM Pa30B Pa3.1HYHbIX OKHC- 
JIAT@JIbHbIX TIPOIMeCCOB. 





Buemynl BAA AaTunka ra3soaHaiHn3.Topa MIK-2 c oTKpbITOK KpbIUKon. 


TOHKOW TaTHHOBOH NpOBOJOKH, KOTOPblIe BKJIIOUCHbI Kak [Ba 
meya B HepaBHOBeCHbIM MocT YurTctToua H CAyKaT OJHOBpeMeHHO 
H3MeCPHTebUbIMH 3JIEMeHTAaMH, 

@ Analn3supyvemana ra3soBaa cMecb, NocTyMalollad B WaTYNK, Npo- 
XOJHT KOJIbueBy!IO KaMepy. IIpH HadMunH B Lra3se KNCOpoOya, 
KOTOPbIN OOslajyjaeT NapOMarHHTHbIMH CBOHCTBaMH, B TlOpH30H- 
TaIbHOH TpyOKe BO3HHKaeT Tepenay gapneHvusa. TloBbiuenHoe 
aBNeHHe CO3aeTCA CO CTOPOHbI, pacnomox*KeHHOH OwMKe K MONIO- 
CaM MarHHTOB, TaK KaK B 9TOM MeCTe ra3 HMeeT Goslee HH3KVIO 
Temiiepatypy. IIpu yBwKeHHH rasa B TpyOKe H3MeHHAeTCH conpo- 
THBJeHHE paOounx Twled MOCTAa; STO BbI3ZbiBaeT HapyileHHe Oalanca 
MocTa, BeIHYNHa pasOalaHca NMpONnOpuhoHadbHa TeEPMOMArHUTHOK 
KOHBEKIIHH, a CI€QOBaTeIbHO, H KOHIeCHTpalHu KHCTOpoya B aHa- 
SH3HpyeMon cmecH. 





@ Pa6Oora ra3s0aHanusaTopa OCHOBaHa Ha MpHHUune TepMomar- @ 8B komnsext npHOopa BxoyAT: 

HHTHOK KOHBeKILMH. (CNocoOHOCTh KHCOposa BTAPHBATbCH B Mar- a) WaTunK npH6opa; 

HHTHOe HOWE, T. €. Cro MapaMarHuTHble CBOHCTBa C YBeJIHYeHHeM 6) QEKTPOHHOe pele THNAa 21P-1: 

TemilepaTypbl yMeHbluaiorcs. [I]pu uanuyun TemillepaTypHoro me- B) HcTOUHHK nuTaHHa CHIT-5; 

penayja c YByX CTOPOH MarHHTHOTO NOH BO3HHKaeT TepMo- r) naHenb moyaun rasa TINT-2; 

MarHuTHas| KOHBEKILHS.) A) BTopHuHbI npvOop tuna SN-12 uau SITA-32 ua 17 me. 


@ OcHoBHoH y3e JaTaHKa—MarHuTHbI 610K—ToMmeLlleH B KOp- 


Nyc H3 aHTHMarHuTHOrO MaTepHagna. B mMarHuTHOM 670Ke MexKIY TEXHMMECKAA XAPAKTEPHCTHKA 


MOMOCaMH NOCTOAHHbIX MarHHTOB 9SKCIEHTPHYHO ycTaHOBJeHa @ 1. [kann ra3s0ananu3atopa: 

KOJbIeBaA Kamepa (u3 cramu OAIT), no Auametpy KoTopoli ro- ot 0 yo 5% KYcOpoya or 20 go 35% Kucsopogza 
PH3OHTaIbHO pacnoomwKeHa NepeMbINKa—cTeKIAHHAaA TpyOKa. » 0» 10% . » 20 » 60% » 
Ha TpyOke pasmenlenbl Be CeKIMH HarpeBaTebHOM OOMOTKH H3 » 0 » 21% » » 20 » 80% » 
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2. 
: ai daca NOK43aHM¥AxX TpHOopa cocraBasner +5% 
italiana BDeMeHH npuOopa paBHa 25 ceKx. (6e3 yuera 
aoa rasonoyBoA amen JMHUM HW O4MCTHBIX ycTpol- 
@ 4. Wuranue—or cery He€peMEHHOTO TOKa HalipsKenvem 220 @e 
+10%; nlorpe64nemaa Momnocth 209. em. 
@ o. ITloypoquman x PasOahasu3aTOpy Ta30Bad CMecb ouKHA 


AMCTb laByieHHe He MeHee 50 yy B 
Ol. CT.; KoNe6anHna 
He Oonee +30%. AONycKaloTca 


@ 6. IIpu6op npequasnauaerca WIA PaOoTb B HEBSPbHIBOOTIACHbIX 


rerc- peng pH TeMiepaType Okpy2Kalowlero Bo3sqyxa or +10 
AO -+30° M OTHOCHTeNbHON BaaAKHOCTH no 80%. 


@ 4 Apis ra3a yuepe3 npHoop coctaBnet 200 2/uac. 
@ o. llocrynaioulad B IpHG6op cmecb He JOmKHa CONe€PKaTb MbWIN, 


CMOJIbI, C€Pbl HW ee coeqnHeHuh y 
: , COCEJHHEHHH oKene3a, T - 
JO“eH HW KHCJIOT. en ee 


@ 9. Pa6apurs: u Bec y3n0B npHoopa: 
Sh 
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QACKTPOHHoe pele tTHna BaP-1 , . | 376 ae | Ot 
Mcrounwk natanua tuna CHII-5 . . | 416 1650 | 285 
Bropuunbii npx6op tuna STI -| 420 292 O06 
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ERT SER EET LTE ER PIR SEE IIT ETL ST ciate ROE TT OTT TT Pa ST er 


MATHHUTHbIM FASOAHAJIM3ATOP tuna MIK-3 


Mi areetupii ra3o0aHadusaTop Tuna MIK-3 npeguasnauen AA 

HENPEPbIBHOTO OMpeReleHHA HH peryHpoBaHua cozepxKa- 
HHA KHCJOpOa B MHOFOKOMMOHCHTHDIX Ta3s0BblxX CMecax. Cogep- 
Manne OaJlaCTHbIX KOMMOHEHTOB HW MX QH3HUeCKHe cBolicTBa 
He BHIZHIBAIOT MONOMHHTC.IbHOH MOPpewiHOCcTH NoKa3aHnii. 

MarnutTublit ra3oanHaiM3atop Tuna MIK-3 npumenserca B 
YCJIOBHAX, KOrZa paOoTa TePMOMArHUTHOTO ra30aHaau3aTopa 
H€BO3MOKHA, HAaHPHMep B_ TIPOMbIMWJICHHOCTH CHHTeTHYeCKOTO 
Kaydyka W CHHTeTHYeCKOrO cnupTa. 

JleHicTBHe Yra30aHa1M3aTopa oOcHOBaHO Ha ¥cno.1b30BaHHH 
NapaMarHHTHHIX CBOHCTB KHCIOpoda, Oaarodapsa KOTOpbIM B 
MarHHTHOM Novle HCTeYeHHIO CPpaBHHTebHOroO 1a3a, T. e. ra3a Cc 
NOCTOAHHBIM COWe€pKaHHeM KHCOpONa, a CeETOBATebHO, Cc No- 
CTOAHHBIMH M@rHHTHbIMH CBOMCTBaMH, OKa3blBaeTCA pa3aH4HOe 
CONPOTHB1eHHe, B 3aBHCHMOCTH OT COJepKaHHA KuCTOpona B 
aHaJIH3HpyeMOM fase. OTO CONPOTHBJeHHe BbIZbIBAaeT Nepenay 
AaBJIEHHA, CJlyKallMH MepoH cofepKaHHA KuCOpONa B aHalu- 
3HPyeMOM rase. 

OcHOBHBIMH y31aMH JaTuHKa ABJAIOTCA MArHHTHbIli 610K Cc 
KaMepoH, K KOTOPOH MOXBOAATCA aHadM3upyeMblii Hu cpaBHH- 
T@JIbHBIN Ta3bl, H TeEPMOAHEMOMETDP, Cy KAMA W1a H3MepeHHA 
Nepenata Maplenua. j/lpa paOounx mieua TepMoaHemomerTpa, 
H3rOTOBJICHHbI€ H3 TOHKOH WIaTHHOBOH MpOBOJIOKH, BKJHOUCHBI B 
H3M€PHTGIbHbIM MOCT, Pa36alaHc KOTOPpOrTO H3MepHeTCA Cc No- 
MOWbIO BTOPHYHOrO MpHOopa. 

HenocpeqcTBeHHO K faTUHKy ykpeneHo HarpeBaTeIbHoe 
YCTPOMCTBO, B KOTOPOM NposyBaeMblii uepes MaTYMK BO3Ayx Ha- 
rpepaeTcA oO HeoOxoquMoH Temmepatypp. Tponzypka Ten1bim 
BO3TyXOM OOeCneuHBaeT TeEPMOCTATHPOBaHHNe MaTuHKa HW ONHO- 
BPCMeCHHO ero B3PbIBOOe30MAaCHOCTD. 

B KoMMJIekT npHOopa BxXoLaT: 

a) WaTunk npn6opa; 

) 9JIeKTpOHHOe pede Tuna QJIP-1; 
) MCTOUHHK NHTaHHa Tuna CHII-5; 
r) WaHedb NOMPOTOBKN 1ra3a; 

1) peje Qapaenua Tuna P.tJ]; 

e) pedyKTop BbIcoKoro WaBuleHHn Tuna PI-1 u_ pexyKtop 
HH3KOTO WaBmseHHa Tuna PI-2, cKoMNOHOBaHHbIe BMecTe; 

*) BTOPHYHBIA npHOop — 3x1eKTpOHHHIA nNoTCHUMOMeIp THA 
STA, OTN, TIC van TICP. 


WON 
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ETT TO ET TT EY TP RT YE A RN A ee conan wr ne nee 


TEXHHYECKAA XAPAKTEPHCTHKA 


J], Ukatb ra3s0ana.u3gatopa: 


oT 0 no 5% Kucmopona 
‘a 0 AO 10% 53 
” 0 AO 21% ” 
” 15 AO 45% ” 


2. OCHOBHaA NOrpeulHOCTh B NOKa3saHHAX MmpH6opa cocrTas- 
amet +£5% oT MakCHMaJbHOrO 3Ha4eCHHA LIKAIBI, 

3, Samasqplpanwe Hayadta pearupopaHua 20 cexK., Bpema 
yCTAHOB.JeHHA NOKa3saHHh 1,5 Muu. 6e3 yueTa BAMAHMA ra30nol- 
BOJAWLCH JIMHHH M OUMCTHBIX ycTpoucrs. 

4, IIuTanve —OT ceTH NepemMeHHOrO TOKa HalpsxKeHHeM 
220 6+10%; norpe6.1nemax MoulHocTh 400 ea. 

5. ]pu6op npequasHauaetca fia paOoTbl B MOMeIMLeHHAX C 
TemMMepatTypolH OKpy2Kalouwlero Bo31yxa oT +10 no +35°C x or- 
HOCHT@IbHO] BUaKHOCThIO 10 80%, 

6. JlaBjenne rasoBoli cMeCH, NOABOAMMOH kK Ta30aHadH3a- 
TOPY, HOJ2KHO ObITb He MeHee 50 mM BOA. CT.; HOMyCKaIOTCHA KO- 
J1¢c6aHHA WaBeHHs He Gomee +30%, 

7. Jaa paOoTb npHOopa Heo6Oxo,uM 6aJ.10H CO CpaBHUTe.b- 
HbIM Ta30M (a30T HIM BO3AyX, B 3aBHCHMOCTH OT JHMama3zona 
IK @JIbl). 

8. Pacxoq ahadu3aupyeMoro raza yuepes npH6op cocTaBnerT 
200 «2/4; pacxoq cpaBHATedbHOro raza uepes MmpHOop PaBeH 
3 Alt. 

9. AHalH3HpyeMad cCMeCb, MocTynaloulaa B Mpu6op, He 
ROVKHA COMEPKAaTb MbLIA, CMO.1bI, CePbl, COCMHHEHHH wene3a, 
TYMaHa WeltoueH WH KHCJOT. 

10. Pa6apurpl u Bec y3I0B mpuH6opa: 

















> Hisipuya | Buicota T.1y6una Bec 
S’3nbl Bpu6opa MI | MM MM Ke 
9S 8 ako J tale iee oe eee | = i 
MEL UTI sonra Mga oo: Sault gah Sia HAS. gt ek, AG 378 | 3855 '! 330 22 
SnekTponHoe pee . . .. 2. we. Bro a TOG. <3 30 7 
VMctounuk muTaHHa . , . ye go2°° |) 290° = 160 ial 
Bropwynbli mpu6op | 
PHVA oa Bs Ole. ee 420 506, 292 29 
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NHEBMATHYECKHH MHUKATOP PACXOJA 


MNHP-2M 











Cxema mpr6opa. 














wee IIMP-2M npeyctaBaset co6oli 6eciuKasb- 

HbIH pOTaMeTPHYeCKHH JaTUMK C MarHHTO-NHeBMATH- 
4YeCKHM TIpecOpa3zopaTenem. OcHOBHbIM Ha3HaueHHey 
MpH6opa ABASeTCA jHCTaHWUHOHHOe uamMepeHue 4H pe- 
P'VAMPOBaHHne pacxosa WKHAKOCTeH B VCAOBHYAX XHMH- 
YeCKHX MPOW3BoOACTB (pH pabore ¢ arpeccvuBHBMH, 
TOpIOuHMH, TOKCHYHBIMH 2KHAKOCTAMH HW pacTBoputTe- 
JAMH BO B3PbIBOONAaCHbIX \CJIOBHAX). 
@ [Ipunuun xelicraus npu6opa cocrouT B Tom, 4TO 
NOMAaBOK PpoOTaMeTpa, NepexBuraloulnlica Wa BbICOTY, 
NPONOPUHOHAIbHVIO CKOPOCTH TporeKaromel *KHI- 
KOCTH, TlepeMellaeT NOCTOAHHDIN MarHHT, apMHpoBaH- 
bli B KOPpO3HOHNOYCTOHYMBbIH 1leMarHHTHblli. MaTe- 
pHad, OTOT MariivT yepe3s TpYOKY, BbINOMHeHHYIO 13 
H€MarHHTHOTO MaTepHa.la, B3aHMOeHcCTRVeT C HOCTOSH- 
IbIM M@rHHTOM CJle,AsuleH MHeEBMaTHYeCKOH  CHCTeMBI, 
nepemewlad e€FO COOTBETCTBeEHHO TNepemMelleHHio To- 
MlaBka, Olarojaps yemy peryaupyercs BbIXO] BO3- 
AyXa H3 BUYTpeHheH NosocTH cuabdoHuoro cepBoMo- 
TOpa Yepes cucTemy «conwo-3acaonKa», Tipu 3Tom jaB- 
jeiuHe BO3yyXa BO BUVTpeHHel NoocTH cepBomoropa, 
nepejaBaemoe Ha BTOPHYuNbIit NpHOop, Nponopunonay- 
NO NOWbeMY NOWIaBKa HU, CeJOBATeIbHO, pacxoyy 
npoTekaiomen yepes npH6op x*xHAKOCTH. 
@ [Ipu6op usrotoBasetrcH 6e3 CaadbHHKOBbIX H Npo- 
KJaOUHbIX Coe WHeNHH, 
@ B nactosimee BpeMA BbINyCKalOTCH OMbITHbIe Tap- 
THH TpHOopos. 
@ Jtatrunk JIMP-2M KOMNMeCKTVeTCH Cae VIOULMMH 
npHOopamn: 

4) PHJIbTPOM Bo3yyxa PB-2; 

6) pexyKTOpOM jaBTeHus Bo3yvxa MPJIB-1: 

B) KOHTPOJIbIbIM MaHOMeTPOM CO 1NKaol O—3 Ke CH: 

Tr) BTOPHYHDIM CHJIb:OHHbIM MaHomMetpom MC-410 

(MC-610, 04-MC-61C uot. nm.) co wrKanolt 
O—1 Kelcom?. 
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FTEXHHGFCKAA XAPAKTEPHETHKA 


@ ji. *AaxcuMasbHoe padoune jaBJeHHe paBHO 
160 Ke/on?. 

@ 2. Padouan Temnepatypa—yo 120°C. ; 

@ 3. Wixana pacxoqa—Ha 500, 1000, 1500, 2000, 
3000 a/uac (onpexenseTcA pa3MepaMH KOHYCHOrO TI0- 


HaBKa). 
@ 4. Tipu6op momker musroTaBanBaTbCA = H3 CTA 


1X18H9T usu ypyroro MatTepHasia, He KOppOANPyio- 
mero B cpege paOoueH KHAKOCTH. 

@ 5. Iinranve—oxxKaTbiM BO3AYXOM pH jAaBJIeHHH 
1,1+0,1 Ke/om?; pacxog Boszyxa 0, 25 nm?/uac. 

@ 6. MaxcuMambHoe paccTosHHe OT faTuHKa AO BTO- 


puunoro npHOopa 100 om. 
@ 7. Worpeumocth B noKa3aHuaXx HpHoopa CocTaBAAeT 


+2,5%. 
@ 8. Bec nprn6opa 16 Ke. 


age ie 


nia 6:8 
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f. Sanitized Copy Approved for 


PACXOJIOMEP IHEJIEBOM 
THMA PM 


CTeBble pacxoyjomepbl Tuna PM sBaAsioTCA cTallMOHapHbiMy 
Li UpHOopamy, upeqnasnayeHHbiMi JIA ABTOMATHYeCKOrO Henpe- 
PbIBHOrO H3MepeHHA H 3allvcu BecOBOrO pacxXOa *®HAKOCTH, HaxoA- 
mevica 104 ATMOC(PEPHBIM JaBJIeHHeM, WH WWA M3Me€PeHHS, 3aNHcHu 





Alarunk pacxogjovepa tuna PM-3. 


4 aBTOMATHNECKOrO peryHPOBaHHA BeCOBOTO pacxoja *KHAKOCTH 
(B calyyae wpHmMeneuna peryupyiolero BTopH4yHoro mpuGopa). 
@ Mruozennprit Becosol pacxog KHAKOCTH onpejeseTca 0 BesH- 
“WHHe Hallopa 2KHAKOCTH Nepey CAHBHOH WenNbIG cheunamtbHoro 














Npopula, oGecneywBaioulero Mpamosunelinyio 3aBNcuMocTD pac- 
XOfa OT BeHYHHbI Hanopa. Hanop usmepseTca nNbesomerpnyueckoli 
TpyOKon, vepe3 KoTOpy1o NpogyBaetes Bosqyx. JlaBaenne B nbe3o- 
METPHYECKOM TpyOKe MpONOpHOHAaIbHO Hanopy, a CeqOBaTeNbHO, 
WH BeCOBOMY pacxOy %#HAKOCTH. 
@ Bropvunpim npu6opom pacxoycmepa cay2KUT H38MepHTenb jaB- 
sleHHaA THMa IMVU, coctosmuh u3 audiepenuvalbHoro MaHo- 
MeTpa H 93JIeKTpHyecKorO pnOopa, M3roTOBJeHHOrO Ha OCHOBe 
321€KTPOHHOPO ToTenwMometpa Tuna OTL usu snexrponnoro mocta 
IMI. Ilkana npu6opa rpagyupyerca pacuerHpm myTem B m/uac, 
@ /laTunki pacxojomepoB H3rOTAaBHBAIOTCA 43 PasAHUHbIX MaTe- 
PHaos: 

1, Pacxojomep tuna PM-1 u3 crann mapku OSIT. 

2, Pacxoyomep tuna PM-3 3 cBHuua. 

B komMnekT pacxojlomepa BXOJaT: 

a) MATYHK PacxofoMepa (OMMH H3 YKa3aHHbIXx THNOB); 

6) U3MepHTeb aBeHHA (Tuna SMV); 

B) 610K MHMTaHMA Bo3syxom (THNa BIIBUI-1); 

Tr) @HABTp AA Bo3qyxa (THNa OPB-10), 


TEXHHYECKAA XAPAKTEPHCTHKA 


@ 1. MaxcuMaabubii pacueTHDh pacxoj| meneBbix pacxoqomepoB 
Tuna PM: 10, 20, 30 u 50 m?/uac. 

@ 2. MakcumMaspubie 3HayeHHa No ulKane npHOopa: 8; 10; 12,5: 
16; 20; 25; 30; 40; 50: 60 u 80 m/uac (IPH yjjebHOM Bece H3Mepae- 
MOH XKHAKOCTH B Mpegenax oT 0,8 yo 1.5), 

@ 3. Ilorpemnocrb B noKa3aHNAX NpHOopa (c yyeTom norpem- 
HocTH OMV J) cocrapaner +3,5% oT MakcuMaybHOoro 3Ha4ueHHA 
iKaJbl. 

@ 4. [lvranne snexTposueprnei—or cern nepemeHHoro ToKa Ha- 
NpaxKeHHem 220 @; uacrota 50 eu; noTpe6sisemaa MoutHocTh 50 em, 
® 5. IIuranne Bosqyxom ocywlecTBAaeTCA OT MarHCTpadH CKATOIO 
Bo3Ayxa jjaBseHHem 2—10 ke/cm?; pacxoyq Bo3qyxa cocTaBAseT 
0,6 «a/uac. 

@ 6. MaxcumanbHaad Janna uMlyabcHol tpyO6Ku mexaAy gaTun- 
KOM M AuddepenuwatyHbimM MaHOoMetpom 15 m; BHYTpPeHHHH qua- 
meTp 4—8 mm. 
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@ /. NonycTumMad NpoTaKeHHOCTb 3JIeEKTPHYeCKHX MPOBOJOB JH- 
HHH CBA3H M@KAY LudpepeHUNaJbHbIM MAHOMeTPOM H BTOPHUHbIM 
mpHOopomM—ue Oosee 500 m. JIvnva cBa3u4—nTATUMpoBOgHas. 
Ceyenne mpopoyqa—2,5 mm’. 

@ 8. Hismepxembli MoTOK %HAKOCTH He JOJDKeH HMeTb pe3KAX 
KoNeOaHun UW NywbcauuH. 

@ 9. )KuyKocTb He JOJDKHa cOsepsKaTb MeXaHHGeCKHX IpMMe- 
ceH H B He He JOJDKHbI OOpa30BbiBaTbCA OCaAKH, 

@ 10. Ya6apuTbi wu Bec jaTuNKa pacxoyomepa: 


Alanna | Unpuna 














Aaraukn MM, | MM ae e ° 
PAY. ob. at tpg de ch me a 580 280 | 800 55 
PMG: sedge Se a Es 630 500 | 965 | 133 
K neva 29/1V 1957 r. — T 01496. TFOCXHMH3QAT. Ne I-13. Bak. 304 
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SPECTROPHOTOMETRE 


x 


L’'appareil est destiné 4 mesurer la transmission et la densité 


optique des substances liquides et solides dans la région du spectre. 


de 220 4 1100 mu 


L‘optique de l'appareil est construite d‘aprés le schéma a un 
faisceau. L'objectif représente un monochromateur d’auto collimation 
a miroir parabolique hors d’axe (distance focal: ,de 500 mm). 


L’élément dispersant — une réplique. prise du réseau de dif- 
fraction de 600 traits/mm, a concentgvon d‘énergie de 1©& ordre, 
dans le domaine de 280 mu 





aft : 


La dispersion uncalre inverse de ee est prés de 32 A/ mm. z 









“du spectre de 2a 
650 iligletons a fhoyen d’une cellule phéto- -6lectrique a antitnoine- 
lesures dans la région de 600 a 1100 millimicrons — au 
‘cellule photo-electrique a oxygéne-césium. ° “te. courant 
‘photo-électrique est amplifié par I’ application du ‘schéma 








Pour les études des liquides l'appareil est muni des “Cuyettes 
suivantes: cu fettes en quartz rectangulaires pour les couches ‘de 
liquides ° ‘de 10: 





mm d’épaisseur et cuvettes cylindriques démontables 
avec fenétres en quartz ou en verre pour les couches de liquides de 
5—100 mm qd ‘€paisseur. 


A I‘aide d‘intercalaires on peut avoir les couches de liquides de 
0,05—1 mm d‘épaisseur. 


Les mesures ‘des coefficients de transmission des substances 
liquides et solides., S'effectuent au moyen d’un étalon dont le 
coefficient de Ia tranginission est pris pour 100°, La valeur de la 


transmission de I'échantillon est lug” sur I‘échelle du potentiométre 
a lecture directe. 


~ Pour jes eonditions des livraisons adressez-vous: 
,STANKOIMPORT«, Moskva, G-200, Smolenskaja- 
34, 






Sennaja ploshchad, 





SECTION DE L’URSS A L’EXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 











SPECTROPHOTOMETER 
Ce A-1 


The instrument is designed for measuring the’ permeability and 
optical, density of liquid and solid substances in a spectral region of 
220. to 1100 mu. 


ge The optical part of the instrument is built according to one-beam 
diagram. Ménochromator is the autocollimation one with a non-axial 
paraboli¢ mirror as an objective (focal distance—500 mm). 


The dispersion element is the replica of the diffraction grating 
of 600 lines per mm with energy concentration of the first order in 
the region of 280 mu. The reverse linear dispersion is about 
32 A/mm. 


Measurements in the spectral region of 220—650 me are made 


ds 
re 





ae with the help of an antimony-cesium photocell; and measurements 


in the spectral region of 600—1100 mu —with the help of an 
oxygen-cesium photocell. The photocell current is amplified by 
a D.C. amplifier. 


For the investigation of liquids, the instrument set contains 
vessels: square quartz ones—for 10 mm thick layers of liquids—and 
split cylindrical ones with quartz and glass windows—for layers of 
liquids 5 to 100 mm thick. Layers of 0.05 to 1 mm can be obtained 
by means of inserts. 


Measurements of permeability coefficients for liquid and solid 
substances are carried out in relation to the reference sample, the 
permeability coefficient of which is taken as 100%, 


The value of permeability for a specimen is read on the scale 
of a reading potentiometer. 





For delivery terms apply to “STANKO- 
IMPORT”, Moskva, G-200, Smolenskaja- 
Sennaja ploshchad, 32/34. 
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Emit’ Parabel- Spiegel Brean 500,,mm). 


Das ew a" se ist Fein Diffrak jonsghtte er 
~ 600 Str/mm mit Energie-Konzentration{in der 1. of nung te. 
_ Bereich von 3 


amu. B i , 

Die cal lt ka linear Dispersion Hetragt 32 A/ragn. ie 

Die Messuf foch im spattralbereicik720—650 m a rfolgen ae 
mit einer atin -Casj . die Messufigen im | 

| Seige | h 6yo—1 He —Fmit einer Sa + enale gs 
Cisium-Photézelle. * Fur ‘die Verstérkung des Photgzellen- 4 
stroms wir das Glpichistromichems verwendet. : 








fi, 


Fir die Untersuch nage vor Flifsigkeiten sind irk, den 
_ Geratsatz foigende “uvetten efng >schlossen: rechteckige 
: Quarz-Kiivetten fiir die’ a issigkeitss hichten von 10 mmiund 
zylindriscltg? auseinandeimehmbare’ mit Quarz- bzw. Glas- 
. fenstern fu die 5 bis 109 mm starke Flissigkeitsschichfen. 
Mit Hilfe von Einlegestiigken k6n en Flussigkeitsschichten 
von 0,05—# mm Starke efhalten wgiden, - 


rH 








. Die M essungen der ‘Qurchiass igkbitsfaktoren von fli is- 
sigen ung: festen Stofferg. ite imYergleich mit ein 

. Etalon ausgefihrt, dessen Rurchle ssigkgit als 100° ang 

» nommen ,Wird. Die Durchigssigkeitsweéite der zu nay 
~ suchendén Probe werd n uf ider Skala des ablese 












‘ Potentionfeters abgelesert ag a S 
ig - & Be cle 
Pa é hes ®. = 7 Rx 0. : 
# - 5 se 
; 2 é All bieferungsantraget sind an V/O A ee 
7 Z a ay al Moskva, oe Smolenskaja:Sennaja 
Re rgb ee mn, 
. oe S Af - Ploschad, 32/344 iZu richten. sf 
2 fo ang 5 : \ x : " Bs 
fl : a: Corea a 
i DER a aSSR AUF DER ALLGEMEINEN WELTA SgrPLLUNG INF BRUSSEL 958 
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APPAREIL 
PHOTO-ENREGISTREUR 
EXTRA-RAPIDE 


L’appareil C@P est destiné 4 T’en- 
registrement de processus physique se 
passant rapidement. 

L’appareil travaillant comme enregi- 
streur photographique donne un déve- 
loppement continu du processus étudié. 

L’appareil travaillant avec loupe cou- 
pant le temps d’exposition donne une 
série de photographies successives du 
processus étudié. 

La largeur de l’interstice de l’enregi- 
streur photographique est réglabe. 

L’obturateur électromagnétique est 4 
double volet. 

Le travail avec couplage de deux 
appareils est possible. 

Alimentation électrique par courant 
alternatif 50 hertz, 220 volts. 


Complexe: 
une caméra; 
un poste de commande; 
objectifs d’entrée de rechange; 
conduites électriques; 


piéces de rechange et accessoires. 











Distance focale, 


Objectifs Ouverture relative 


mm 


« Industar-51 » 1 210 
Spécial. . . 750 
2000 


Spécial. . . . 


Capacité de résolution (dans le temps) de 
l’enregistreur photographique, sec. . . . 10-8 


Fréquence des photographies avec loupe cou- 


pant le temps d’exposition, images/sec. . . 25.10°-25.105 


Largeur de la pelliculeyemm. . . . . . . 35 
Longueur de la pelliculeem. . . . . . . 1,6 


Format des images, mm: 


enregistreur photographique (max) . . . 25%x375 
avec loupe coupant le temps d’exposition, . @100u ~5 
Largeur de l’interstice,s mm. . . . . . . O0,01-0,5 


Exposition depuis le début de l’événement, sec. 0,01; 0,03 et 0,1 


Courant exigé, A. 2. 6 1 ew ee ee 


Encombrement (avec objectif F = 210 mm), 
mm: 


670x415 x 345 
560x390x 345 
580 x 615 x 1200 


photo-enregistreur - . . 2. 1. 1. we 
Joupe coupant le temps d’exposition . . . 


poste de commande. . st eh oe aS 


Poids, kg: 
photo-enregistreur . . 2. . 2. 1 1 ws) 42 
loupe coupant le temps d’exposition . . . 42 
poste de commande . ...... . 150 


Pour les conditions des livraisons adressez- 
vous: 


« STANKOIMPORT », Moskva, G-200, 
Smolenskaja-Sennaja ploshchad, 32]34. 
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Interchangeable inlet lenses 


Focal distance, 
mm 


Lens 


“Industar-51” . . 210 
Special. . 2... 750 
2000 


Special. . . . 


Resolving power of photo-recorder (by of time), 


sec. a 


Exposure frequency in the ‘‘zeit-lupe’’ variant, 
frames per second . . . ... 


Film width, mm .... . . . 2... 
Length of flm-strip,m . . . . . 2. 6 s 


Frame dimensions, mm: 
in the photo-recorder variant (max) . . . 
in the ‘“‘zeit-lupe” variant. . . . . . . 


Aperture width,mm . . . . .. 4... 


Exposure time from the moment of the pheno- 
menon’s initiation, sec... . . 2. 1. 


Current consumed, A. . . 2. 1. ee ee 


Overall! dimensions (with £/210 mm lens), mm: 
of photo-recorder . . . 1 we we 
of “zeit-lupe’ . 1. 1 1 we ee 


of controldesk . . 2... 1. ee ee 


Weight, kg: 
of photo-recorder . 1. 2. 1 1 ew we 
of “‘zeit-lupe’ . . 6 1 ee ee 
of controldesk . . 2... 1 ew ee 


For delivery terms apply to “STANKO- 
IMPORT”, Moskva, G-200, Smolenskaja- 


Sennaja ploshchad, 32[34. 
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Aperture ratio 


1:4,5 
1:5 
1:8 





10-8 


25.108-25.105 
35 
1.6 


25 x 375 
d 100r @5 


0.01-0.5 


0.01; 0.03 and 0.1 
9 


670x415x 345 
560x390x 345 
580 x 615 x 1200 


42 
42 
150 





SUPER-RAPID 
PHOTO-RECORDING 
APPARATUS 


The C®P apparatus is designed for 
the recording of transient physical pro- 
cesses. 

When operating in the usual photo- 
recording apparatus routine, an inces- 
sant photo-sweep of the investigated 
process is obtained. . 

When operating in the “zeit-lupe” 
routine the apparatus gives a series of 
photo sequences of the process investi- 
gated. 

The aperture width of the photo-re- 
corder is controlled. 

The two-petal shutter is electroma- 
gnetic. 

A coupled operation of both the sets 
is quite possible. 

_ Fed by 220 V, 50 hertz alternating 
current. 


The unit: 
camera; 
control desk; 
interchangeable inlet lenses; 
wites; 


reserve parts and accessories. 
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TEPMOKOH/JYKTOMETPHYECKHM FA3OAHAJIN3ATOP 
THNA TKY-4 


€PMOKOHAYKTOMeTpHueCKHH = rasoaHalu3aTop Tuna TKI-4 

NIpeycTaBsneT coOoH crauNOHapHblli 3nekTpHYeCKHH aBTOMATH- 
YeCKH JeHCTBYIOWLAH NOKasblBaloWlNl wv perucTpupyloulli npH6op 
ANA HeMpepbIBHOrO OMpeqeieHHA NMpPOWeHTHOrO CoxepKanuA (lo 
oObemy) OJHOrO KOMMOHeHTa B ra3oBoli cmecn nyTeM cpaBHeHHA 
TENJIONPOBOAHOCTH aHaJH3NpyeMoro fa3a C_ Te INPOBONHOCTHIO 
BO3]YXa. 





BuewHnk BHA RaTYHKAa Tas0analu3aTopa (KpbluKa CHsTA). 


@ CpaBHenne TensOnpoBogHocTefi ocyulecTBAAeTCA C MOMOLLbIO 
HepaBHOBeCHOrO MOCTA, Ba Hvleva KOTOPOrO NoMelleHbI B paboune 
rasopble KaMepbl, yepe3 KOTOpble MpoTeKkaeT aHasH3npyemasn 


Oe POE SS OCTET POTTS SE TINT RE TRE ST FTES ISAT SGP RES APO CT OTE TETSU ETT TEE LO EL TRAE MEISNER NF He ABE Shae ed tae SE ppt 
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OETA AMOR TeeRPthet 9 SH ON ht 


CMECb, a Ba J[pyrHe—B CpaBHHTeJbHbIe KaMepbl, 3aNMOJHeHHbIe 
BO3yxXOM. Bee vetbipe meua MOCTa H3FOTOBJeHbI H3 WJIaTHHbI H 
HarpeBaloTCA MpPOTeKarOll4M MO HHM TOKOM jo olipejeseHHoii 
Temlepatypbl. Jid NMTaHHA MOCTA BbINPAMJICHHDIM cTa6uwIH3H- 
POBaHHbIM TOKOM HCNOJIb3yeTCH HCTOYHHK THTaHHA Tuna CHII-4. 
@ Ilpu nponyckanuH uepes ra3oBble KaMepbi aHadH3upyemoli 
CM€CH, TeIJIOMNPOBOAHOCTb KOTOPOH H3MeHHETCH COOTBETCTBEHHO 
COJepKaHHIO aHaJIM3HPYeMOrO KOMMOHEHTA, 3JIEKTPH4eCKOe Co- 
MIPOTHBJeHHe NEY MOCTA, MOMeLWICHHbIX B 3TH KaMepbl, MeHHAeTCA 
H B AHaroHnadiM MOCTa BO3HHKaeT TOK, NPONMOPMHOHAJIbHbIM KOH- 
WeHTpaluW aHalMehpyeMoro KOMMOHeHTa. B yuaroHaslb Mocta 
“uepe3 ACHTeb HalpAXCHHA BKJIOUCH BTOPHSHbIN MpHOop Tuna 
QINA-12 unn SITA-32 

® I[locrosictBo pacxoja ra3a, Mpoxoyaulero yepes paboune Kame- 
pbl npHoopa, oOecneunBaetcn peryanTopom pacxoya Tuna JINT-1. 
@ Uro6b! 430eKaTb BINAHUA KOMeOAHHi TemlepatTypbl OKpyx«al0- 
eH Cpeybl Ha MOKa3aHHA MpH6opa, 610K AaTUMKa Cc MweveBbIMH 
S1CMCHTAaMH TepMOCTaTHpoBaH. HarpeB Mpoucxo_uT 3a cueT HH- 
UVKTHBUbIX NoTepb B Macce 60Ka. 

@ I[Ipeyycmotpena BO3MOx*KHOCTh MpOAVBKH BO3yyxXa HIM a30Ta 
yepe3 Kopnyc gaTunka. 

® Ila30ananusatop TKI-4 u3rorapanBaercs B HOpMaJbIUOM HCHON- 
HeHHH, On npuMeHAeTCH AAA aHadM3a $a30B, YKa3aHHbIX HHKe. 











LWkana npxu6opa Tlorpeu- 
3 : 6 COOTBETCTBY eT HOCTb B Tlo- 
ANaTH3HpY e Mbt TYa30naa cMech, B KOTOPOT Ka3aH WAX 





npuGopa, °6 




















KROMNOHEHT onpelemseTcaA KOMNOHCHT cojepaa- | quanasony | G7 Maia: 
HHIO KOM- mpHOopa § |aona nixanbl 
NOHECHTA, % ME 
Bor0pol A30TO-BOJOPO,1aH CMCCh Npo- 
H3BOACTBa CHHTCTHUCCKOTO 
aMMHaka 1 80---50 45 32 
TO we Ta3 KapOwabbix neueli 1 0-20 | Ie +5 
» KHcC.10po;) 21CKTPOHTHYecK HA O0—10 45 +95 
Krciopos. Boxopo, siekTponTHyeckHH =| O—10) ! 17 +9 
AMMHaK AMMHA4HO-BO3AyIUNaA CMeCb | O0—16 | 
Cepyncrpli au-  Tleunol ra3 B npon3po.ieTse 
rHopna (SO,) | CepHoh KHC-IOTbI O—-1) | ly} +5 
To 7Ke | To xe 0-15 | 17 +5 


| 
{ 





@ 8 kommuexkt ra3oaHann3atopa THNa TKI-4 sxoyar: 
a) aTUuK; 
6) cTa6OvMH3HpOBaHHbId HMCTOUHHK TMTaHHsA THNa CHITI-4; 
B) BTOPHUHbIN TMpH6op—eKTPOHHbIt NMOTeHWHOMeTp THNAa 
JIT; 
r) peryastop pacxoya tana JINIT-1; 
A) @unptp tuna OB-10. 
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TEPMOXHMHYECKHA rFASOAHAJIH3A TOP -_ TEXHHYECKAA XAPAKTEPHCTHKA 
- vana TXI-5 


® 1, Tepmoxumuyeckui rasoananusatop tuna TXI-5 usroras- 
AMBaeTCA B HeCKOJIbKAX MOQMPHKALMAX [WIA OMpeqeneHua? 
KHCJOpOja B I€KTPOJHTHYeECKOM BoJopoxe (Kana MpuOopa 
or 0 no 1,0% Kuenopona); 
KHCJOpofa B renepaTOpHoM ra3se (lukana mpuOopa—ot 0 jo 
0.5% u or 0 go 1,0% Kucaopoga); 
BoAopofa B MIEKTPOJMTHYECKOM KHCHOpoye (IuKana tmpu6opa 
or 0 yo 2% Boyopona). 
@ 2. IlorpemHocTb B moKa3aHHAXx npuoOopa cocTaBaser +7% 
OT MAaKCHMAJIbHOrO 3HAYeCHHA WKAaJIbI. 
@ 3. [lvraune—or ceru nepemenHoro ToKa HanpsxKeHHem 220 6 
+10%; 4dacroTa 001 ey +1%; Torpe6useman MoulHocTh 100 ea. 
@® 4. Tlocrosnaa Bpemenu (6e3 yuera BJHAHUA ra3s03sa6o0pHoHr 
JIMHHH) paBHa 2 Muu, 
@ 5. JlaBnenve ra3o0poli cmecH Ha Bxoge B HpHOOp NOJKHO ObITb 
oT 400 yo 1000 mm Bon. cr. 
@ 6. DasoananusaTop mpeqna3snayen fia pa6orl pH Temnepa- 
Type oKpyKalomeh cpegbl oT +10 yo +35°C u ornocuTenpHoii 
BUaKHOCTH cpegbl Jo 80%. 
© /. AnanMsupyemaa rasoBasd cMeCb He YOMKHA COfep2xKaTb cepo- 
BONOPOMa, CepOOpraHuyecKUX COeAMHeEHHU, XJOpa HM MapoB Maca. 
@ 8. Pacxoq ra3a uepes mpn6op cocraBaser 60 «a/yac. 
@ 9. Ta6aputs u Bec ra30anaH3aTopa: 


[(230a#aanaatop THna TXIT-5 mpeyctapaser co6oti cTalMouap- 
HbIM SEKTPHYCCKHM ABTOMATHYECKH jelCTBY ION mpHoop yaa 
HeMPepbiIBHOrO OlpeAeeHHA MpouenTuHoro (io oO6bemy) cojepKa- 
HHA TOPrOyHX Ta30B B NPUCYTCTBHM (B H3O6bITKe) KHCOPONa H KHC- 
AOpoyqa B UPHCYTCTRHH (B H36bITKe) roplouHXx ra3op, 
@ Ananu3supyemMas ra30Ran cmMecb He JomKHA COJepXKaTb arpec- 
CHBHBIX Ta30B WH apoB, ABJAIOULWXCA AyaMu qa KaTaJH3aTopa. 
@ jlelicrBue mpu6opa ccHoBaHo ua H3Me€peHHH TelOBoro adwbeK- 
Ta KaTaMTHYeCKON peakuHH, Mpovcxosaueli B coe KaTaHsaTopa. 
Tennopcl apiekt peakunn usmepsetca c MoMOMLbIO ABYX 4VBcT- 
BUTCJIbUbIX SJIEMEHTOB, TIPeLCTaBJAIOULHX Cobol TEPMOMETPbI co- 
NPOTHEIeHMA. OHH YyBCTBHTeAbUbIT 9N€MEHT— pabounh—pac- 
NOJOMWKEH B KAaMePe, 3aNOJHEHHOK KaTamH3aTopom, ApvroH—cpas- 
HMTCIbHBIM—B KaMepe, 3aNOJIHeHHO HeakTHBHOT! Maccoll. Tep- _ - 




















MOMETPbI BKJIOUCHbI B CX€MY H3MepHTebHOrO MocTa. bauer gg he ee oe econ Bec, xe 
® J(ia NopbwexiA 4yBCTBATeABHOCTH ra30aHaM3aTopa U Ha- a : ‘ : 
| NEKHOCTH paboTpl KaTaH3aTOpa H3MepHTeJIbHbIM OOK RaTunKa pPTOES <b ane dn, 3 op ue, Ok 312 | 258 | 235 15 
a | HH 
TepMocraTHpoBaH. Temnepatypa uameputrenbuHoro 6n0Ka 200+ BropHuHEl npuop OMI, . ./ 420 | 292 , 506 20—35 
10° : = PeryslaTop Temmepatypbi . . 422 166 | 288 
°C. PeryiaTop pacxowa ..... 275 130 | = 236 


@ IlocrosHHpli pacxoy AHaJIM3HPVeMOH ra3s0BOH cmMecu, Npoxogs- = 
men yepe3 Pa30auaJH3arTop, NONE PAKNBAeTCA MeMOpaHHbiM pery- * B saBHcHMOCTH OT MOAMRKANHH. 
JIATOPOM pacxoga. 
@ B xkommmekT TepmMoxumuueckoro rasoaHalH3aTopa BXOJAT. 
a) qaTuHK; 
6) BTopH4HE upu6op, usroropenupili wa 6a3e aBTOMaTHYe- 
CKOrO YypaBHOBelleHHoro Mmocta tuna SMI. 
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ppe2e pH-merp npequa3snayen jwia MamMepenua u 
PperyJIMPOBaHHA KOHUeCHTPaluH BOJOPOAHbIX HOHOB 
IPH NOMOULM TOICTOCTEHHBIX CTCKJIAHHBIX 3JIEKTPOJOB, 
OTHM TIpH6opom MoxKHO H3M€PpATb BeHYHHbI PH pac- 
TBOPOB, HaXOWAULNXCH B 3a3eCMIEHHbIX MeTAMMUeCKHX 
6akax, 
@ 6B Koxcrpykiwn cTeKaaHHOro 9aeKTpoa npell- 
YCMOTPeHO YBeJIHYeHHE HaeKHOCTH H30JAWHH MecTa 
COCAHHEHUA SJIEKTPpORa C BbICOKOYACTOTHBIM Ka6benleM, 
CBASBIBAIOUIMM 3JIEKTPOM CO BTOPHYHbIM TpHOopom. 


6 : CIA-RDP80 


bane 





® OranuntenbHnol oco6enHocthlo BTOPHYHOrO TpH- 
Sopa pH-merpa sABaseTca cxema BKJOYeHHA O6ONOUKH 
KaOeA, HAYMETO OT CTEKJAMHHOTO 37IeKTPOAa K 3U1eK- 
TPOHHOMy ycHuHTemto. IIpumMeHenue 3TOH cxembl no- 
3BolxeT B 1000 pa3 CHH3HTb TpeOoBaHHA K H307R0nH 
KaOenad MU TeM CaMbIM YBeJHYMT SKCHIY aTalHOHHyI0 
HaN@KHOCTh TpHOopa. 

@ Ycuantend pH-metpa co6pay na waccu ycusutens 
SEKTPOHHOFO MoTeHuMOMeTpa Tuna DIT. 

@ I]uTaHue npnOopa ocymecTBaseTca OT ceTH nepe- 
MeHHOrO TOKa Halips#»xKenHemM 220 @ (c KOoNebaHHeM OT 
moc 10 qo MuHye 15%). 

@ [lorpemnocts u c6nacTb u3mMepeHna pH onpege- 
“IA€TCA KAYCCTBOM HM XapakTePpHCTHKON HCTOMb3SyeMbIXx 
CTEKIAHHbIX IIEKTPOJOB. 
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INSTALLATION INDUSTRIELLE DE TELEVISION IITY-2M 


L'installation industrielle de télévision []TY-2M est destinée 4 la sur- 
veillance a distance de différents travaux et a la surveillance des proces- 
sus technologiques dangereux pour le personnel de service. 

L’installation comprend le matériel suivant: 

Des caméras d’émission de télévision (de 2 a 5), a tétes optiques, un 
bloc-canal, un dispositif récepteur vidéo, un bloc de commutation, un 
commutateur, des dispositifs mobiles de surveillance (de 1 & 5), un jeu 
d’objectifs, des combinés téléphoniques, un jeu de cdbles, des cables 
caméra-recepteur d’une longueur maximum de 1000 m et des cdbles de 
liaison pour les dispositifs de surveillance mobile d’une longueur maximum 
de 800 m. Tout l’'appareillage utilise principalement les lampes de la série 
miniature. Le vidicon type JJV|-23 est utilisé comme tube émetteur. 

Le récepteur vidéo utilise un tube & écran de 35 cm de diagonale et 
sert en méme temps de source d’alimentation de la caméra. Le récepteur 


vidéo effectue la mise au point optique a distance de l'image, le réglage 


- d’ouverture et le remplacement des objectifs de la caméra. 


On prévoit la possibilité de fonctionnement de la caméra d’émission 
sans téte optique. Dans ce cas le remplacement des objectifs, la mise au 
point optique et le reglage du diaphragme se font 4 la main. 

Le bloc-canal comprend un synchrogénérateur ainsi que les circuits 
d’amplification et de formation du signal de télévision. 

La mise en service des caméras d’émission se fait 4 l'aide du com- 
mutateur, Les organes de commande du régime de fonctionnement des 
cameras d'émission sont également placés sur le commutateur. 

Une liaison téléphonique existe entre les caméras et le récepteur 
vidéo. 

L’installation JTY-2 M peut étre simplifiée et transformée en installa- 
tion de télévision industrielle G@ un seul canal (appelée []TY-1 M). Dans 
ce cas on exclut le bloc de commutation et le commutateur, et la com- 
mande du régime de fonctionnement de la caméra d’émission se fait & 


partir du récepteur vidéo. 





Caractéristiques techniques principales de installation 


Analyse de l'image par points successifs, 4 625 lignes pour 25 images 


par seconde. 


Eclairement de fonctionnement a la photocathode du tube émetteur: 


10 lux. 







































































Jeu d’objectifs pour caméra: 

Vobjectif »-25 (f = 100 mm, 1:2) 

lobjectif io-3 (f = 50mm, 1: 1,5) 

lobjectif PO 4-1 M (f = 35mm, 1:2) 

lobjectif ,KOnutep” (f = 26 mm, 1:1,2) — 

Les objectifs x-25 et PO 4-1M peuvent étre employés dans la téte 
optique. 

L’installation peut fonctionner pendont 23 heures consécutives. 

Alimentation de l’installation: par un réseau & courant alternatif 
220 V, 50 Hz. Puissance absorbée: 400 W maximum. 

Poids de la caméra d’émission 4 téte optique: 6kg environ; sans téte 


optique: 3 kg. 
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INDUSTRIAL TELEVISION 
EQUIPMENT TYPE IiTY-2M 


The type MTY-2M industrial television equipment is designed for 
remote observation of various operations and technological processes 
which are dangerous for the service personnel. 

The following elements are included in the equipment: television pick- 
up cameras (2—5 pieces) with optical turrets, a channel unit, a video 


receiver unit, a commutation unit, a commutator, remote viewing units 


(1-5 pieces), a set of lenses, hand microtelephones, a set of cables, 


camera cables up to 1,000 metres long, and connecting cables up to 
800 metres long for the remote viewing units. 

Miniature lamps are predominant in most of the apparatus. The type 
JIV1 23 vidicon is used as a pick-up tube. 

The video receiver unit has a CRT with a screen diagonal of 35cm. 
The optical focussing of the image, irising and a change of lenses for 
the camera are accomplished from the video receiver unit. 

Means are provided for the operation of the pick-up camera without 
an optical turret. In such a case the lenses’ change, focussing and irising 
are accomplished manually. 

The channel unit contains a synchronizing generator and circuits for 
amplifying and forming the television signal. 

The switching of the camera is accomplished through the commutator. 
The operating conditions for the pick-up tube are also controlled from 


the commutator. 


‘Hand microtelephone communication is provided between the came- 


ras and the video receiver unit. 


Through simplification the [1TY-2M equipment may be transformed 
into a single channel industrial television equipment (termed the []TY-1M 
equipment). The commutation unit and the commutator are absent in 
such a case, and the operating conditions for the pick-up camera are 


controlled from the video receiver unit. 
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ten, In diesem Fall werden die Auswechslung der Objektive, die Fokus- 
sierung und die Abblendung von Hand bewerkstelligt. 

Das Kanalsystem enthdlt den Synchronisierungsgenerator sowie die 
Verstarker- und Formierungskreise des Bildsignals. 

Die Umschaltung der Aufnahmekameras erfolgt durch Kommutator. 
Am Kommutator sind ebenfalls die Steuerorgane der Betriebsart der 
Aufnahmekameras angeordnet. 

Zwischen den Kameras und der Videoempfangseinrichtung ist eine 
Mikrotelephonverbindung vorhanden. 

Die Anlage [JTY-2 M kann vereinfacht und in eine Einkanal-Industrie- 
fernsehanlage (genannt []TY-1 M) verwandelt werden. In diesem Fall 
wird die Kommutierungsgruppe und der Kommutator ausgeschlossen, die 
Betriebsartsteuerung der Aufnahmekamera wird von der Videoempfangs- 
einrichtung bewerkstelligt. 


Technische Grundkennwerte der Anlage 


Bildzerlegung: Zeilensprungabtastung in 625 Zeilen bei 25 Bildwech- 
seln pro Sekunde. 


Betriebsbeleuchtungsstarke der Photokathode der Aufnahmerdéhre: 


10 Ix. 
Objektivsatz flr jede Kamera: 
* -25 (F = 100mm, 1:2) 
o-3 (F = 50mm, 1:1,5) 
PO 4-1 M (F = 35mm, 1:2) 
"HOnutep” (F = 26mm, 1:1,2) 
Im optischen Bildsucher kénnen zwei Objektive: 
*x-25 und PO 4-1M benutzt werden. 
Die Anlage kann ununterbrochen wahrend 23 Stunden betrieben 


Stromversorgung: | vom Wechselstromnetz 220 V, 50 Hz. 
Leistungsaufnahme: héchsteris 400 W. 
Gewichi ‘der Aufnahmekamerg. mit optischem: Bildsucher: ca. 6ka, 
ohne optischen Bildsucher' 3 kg. 
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LOUPE DE TEMPS FONCTIONNANT A HAUTE VITESSE 


La loupe de temps, construite & l’Académie des Sciences de |’URSS, 
est destinée pour l’enregistrement photographique de haute vitesse des 
phénoménes autolumineux qui se passent rapidement (décharge d’etin- 
celles, détonation d’explosifs etc.). 

Le principe de fonctionnement du systéme optique de la loupe de 
temps est basé sur la réflexion multiple par miroirs des rayons de lumiére, 
formant l'image d’un objet photographié. La réflexion multiple se pro- 
duit par deux miroirs tournant a haute vitesse. 

Le schéma de fonctionnement est représenté 4 !a figure. 


La fréquence de prise de vues est de 7-32 millions de cadres par 
seconde. ae 

La distance focale de la caméra peut étre fixée par le changement 
de l’objectif d’entrée de la caméra: 4 la premiére variante 494 mm, 
4 la seconde variante 943 mm. 

Champ de vue: 

a la premiére variante — de 1°22’ a 41’, 

a la seconde variante — de 0°41’ 4 0°20'5. 

Ouverture relative — de 1:44 4 1:88. 

Dimension d’un cadre — de 5 mm 4 12 mm (par diamétre). 

Nombre de cadres enregistrés ~ 85 + 416. 

Dans la loupe de temps est utilisée la pellicule de 60 mm de largeur. 

Les miroirs sont tournés par un moteur électrique asynchrone de puis- 
sance de 5 kW uni avec un réducteur-élévateur. 


La loupe de temps est pourvue d’un systeme de commande automa- 
tique et de synchronisation et d’un dispositif qui engendre une impulsion 
de haute tension (5 kV) nécessaire pour commencer 4 enregistrer le 
phénoméne examiné au moment correspondant 4 la position initiale des 
miroirs (au moment de commencement de prise de vues) ou 4 une avance 
en limites de 100 microsecondes. La production de cette impulsion 
s'effectue automatiquement au moment ou les miroirs auront atteint la 
vitesse de rotation fixée d’avance (4 la précision de + 0,10), ce qui 
exclut la nécessité de la mesure supplémentaire de la vitesse de |’en- 
registrement du phénoméne. 

Pour éviter la superposition réitérative de l'image du phénoméne 
étudié dans la loupe de temps est utilise un obturateur a explosion de 
rapide action, commencant 4 fonctionner quand un cycle de prise de 
vues est achevé. 

La loupe de temps est un appareil de type laboratoire pourvu d’un 
pied de support permettant de faire la mise au point précise de l'objet 
4 photographier. 

Le chassis de l’appareil est fondu d’alliage d’aluminium. 

Gabarits de l'appareil: longueur — 1085 mm, largeur ~ 1070 mm, 
hauteur — 1150 mm, poids — 250 kg. 
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HIGH-SPEED TIME MAGNIFYING GLASS 


The time magnifying glass developed at the USSR Academy of 
Sciences is intended for high-speed photographic recording of fast self- 
luminous phenomena (spark discharge, detonation of explosives, etc.). 


The principle of operating the optical system of the time magnifying 
glass is based on the multiple mirror reflection of light rays which build 
up the image of the object photographed. The multiple mirror reflection 
appears between two mirrors revolving at a high speed. 


The key diagram is shown in the figure. 


The frequency of photographing amounts to 7-+ 32 million pictures 
per second, 


The focal length of the camera can be fixed by replacing the inlet 
lens H the camera: 494 mm in the first variant, and 943 mm in the 
second. 


Field of vision: 

For the first variant: from 1°22’ to 41’; 

For the second variant: from 0°41’ to 0°20’.5. 

Relative aperture: from 1: 44 to 1: 88. 

Size of picture: from 5 mm to 12 mm (in diameter). 

Number of pictures recorded: 85-> 416. 

A film 60 mm wide is used in the time magnifying glass. 

The mirrors are revolved by a 5 kW asynchronous motor through a 
step-up reductor. 

The time magnifying glass is equipped with a system of automatic 
control and synchronization and is supplied with an appliance producing 
a high tension impulse (5 kV) to initiate the phenomenon under exam- 
ination at a moment corresponding to the initial position of the mirrors 
(at the beginning of photographing), or with a lead within 100 micro- 
seconds. The initiated impulse is produced automatically when the 
mirrors achieve the preset speed of rotation (to within + 0.1 °/o), which 
makes unnecessary any supplementary measurement of the speed of 
recording the phenomenon. 

To preclude any repeated superimposition of the image of the pheno- 
menon under investigation, the time magnifying glass is provided with 
a fast explosion shutter which operates at the end of a cycle of photo- 
graphing. 

The time magnifying glass is a laboratory type device supplied with 
a support which ensures accurate focusing. 

The device housing is cast of an aluminium alloy. 


Overall dimensions of the device: length — 1085 mm; width — 
1070 mm; height — 1150 mm; weight — 250 kg. 
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ZEITLUPE FUR HOCHGESCHWINDIGE FOTOAUFNAHMEN 


Die von der Akademie der Wissenschaften der UdSSR entwickelte 
Zeitlupe ist fiir hochgeschwindige Fotoaufnahmen der mit groBer Ge- 
schwindigkeit verlaufenden selbstleuchtenden Vorgdnge (Funkenschlag, 
Detonation von Sprengstoffen und dgl.) bestimmt. 


Die Wirkung des optischen Systems der Zeitlupe ist auf dem Prinzip 
der mehrmaligen Spiegelreflexion der Lichtstrahlungen aufgebaut, die 
den aufzunehmenden Gegenstand abbilden. Die mehrmalige Spiegel- 
reflexion geschieht zwischen zwei Spiegeln, die sich mit groBer Geschwin- 
digkeit umdrehen. 

Das prinzipielle Schema ist auf dem Bild dargestellt. | 

Die Frequenz der Aufnahmen betrégt 7+ 32 Mil. Bilder je Sek. 

Der Brennpunktabstand der Kamera kann durch Umwechslung des 
Eingangsobjektives gedndert werden: in der ersten Variante 494 mm, in 
der zweiten Variante 943 mm. 

Das Blickfeld: 

fiir die erste Variante — von 1° 22’ bis 41’ 

fiir die zweite Variante — von 0° 41’ bis 0° 20,5’. 

- Die relative Offnung betragt — von 1: 44 bis 1: 88. 

Die BildgréBe ist von 5 mm bis 12 mm (im Durchmesser). 

Die Zahl der registrierten Bilder 85 416. 

Fur die Zeitlupe wird Fotorollfilm 60 mm breit verwendet. 

Die Spiegel werden in Drehbewegung durch einen Asynchronmotor 
5 kW mittels eines Erhéhungsreduktors in Bewegung gesetzt. 

Die Zeitlupe ist mit einem automatischen Steuerungs- und Synchroni- 
sierungssystem versehen, sowie mit einer Einrichtung, die einen hoch- 
gespannten Impuls (5 kV) erzeugt, um den Anfang des untersuchenden 
Vorganges exakt zum Moment hervorzurufen, der der Ausgangslage der 
Rotierung der Spiegel (Anfangsaugenblick der Aufnahme) oder mit Vor- 
eilung in Grenzen von 100 Mikrosek. entspricht. Der Anfangsimpuls wird 
exakt zum Augenblick der Erreichung von den Spiegeln der angegebenen 
Drehgeschwindigkeit automatisch erzeugt (mit Genauigkeit von + 0,1 °/o). 
Damit wird die nachtrégliche Messung der Registrierungsgeschwindig- 
keit des Vorganges nicht mehr nétig. 

Um éine Aufeinandersetzung von Bildern des untersuchten Vorganges 
zu vermeiden, ist die Zeitlupe mit einem schnellwirkenden Explosionsver- 
schluB versehen, der nach der Vollendung jedes Aufnahmekreislaufes 
anspricht. 

Die Zeitlupe ist ein Laborgerdt. Sie ist mit einem Untergestell ver- 
sehen, das eine exakte Einstellung des Apparates relativ des Aufnahme- 
gegenstandes gestattet. 

Das Gehduse des Apparates ist aus Aluminiumlegierung hergestellt. 

Abmessungen des Apparates: Lange 1085 mm; Breite 1070 mm; 
Héhe 1150 mm; Gewicht 250 kg. 
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1 — Obturateur mécanique; 2 — objectif; 3 — cndssis aux bobines de pellicules; 
4 — détails optiques de l’obturateur G explosion; 5 — miroirs tourants; 6 — fen- 
tille enchdssée; 7 — diaphragme; 8 — pellicule. 


1 ~ mechanical shutter; 2 — lens; 3 — adapter; 4 — optical parts of the explosion 
shutter; 5 — revolving mirrors; 6 — lens insert; 7 — blind: 8 — photographic film. 


egcicta 


1. Mechanischer VerschluB; 2. Objektiv; 3. Kassette; 4. Optische Einzelheiten des 
Explosionsverschlusses; 5. Rotierende Spiegel; 6. Linsenzusatzstiick; 7. Blende; 
8. Fotorolifilm. 
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SPECTROSCOPIC INVESTIGATIONS 
OF THE STRUCTURE: 
AND COMPOSITION OF MATTER 


I. Introduction 





Radiation, absorption and scattering of light by matter are closely associat- 
ed with the processes taking place in atoms and molecules. Investigation of 
spectra is one of the principal methods of studying the structure of atoms and 
molecules, which yields most essential information on the structure of matter. 
At the same time spectral analysis, which is widely used to determine the 
composition of matter, is based on investigation of atomic and molecular 
spectra. 
| The study of the position and the intensity of lines in atomic emission and 
t absorption spectra enables to obtain data on the structure of electron shells 
of atoms and certain information about atomic nuclei. It also throws some 
light on the state of the atoms studied, their ionization, velocity, gas tempera- 
ture, etc. | 

Similarly, investigation of molecular spectra enables us to determine the 
structure of molecular electron shells, relative vibrations of nuclei, the rotation 
of the molecules as a whole, as well as a number of structural parameters of 
molecules. It also appears possible to obtain information on molecular inter- 
action in solids, liquids and gases. The positions of spectral lines and bands 1s 
a characteristic feature of individual atoms and molecules. Owing to this, in- 
vestigation of a spectrum can be used to determine the qualitative and quanti- 
tative composition of the object under test. Thus, spectral analysis of metals, 
alloys, ores and minerals, gases, organic mixtures and other objects becomes 
possible. Spectral analysis is, as a rule, much more sensitive than the chemical 
and many physical methods of analysis. This method is rapid, inexpensive and 
practically does not damage the object under study. These features of spectral 
analysis account for its wide use in scientific research and particularly for 
production control in industry. 

Investigations of spectra and spectral analysis are being developed and 

employed by physicists, chemists, biologists, and engineers on a large scale all 
is over the world. They form a traditional trend in Soviet science. Researches 
by D. Rozhdestvensky, L. Mandelstam, S. Vavilov, and G. Landsberg made 
a substantial contribution to theoretical and applied spectroscopy, and are 
being farther developed by their collaborators and pupils. 
‘ At present spectroscopic research is carried out in numerous Soviet re- 
search institutes, universities and industrial laboratories. Regularities of atomic 
and molecular spectra are being investigated theoretically and experimentally, 
the spectra of individual atoms and molecules and their spectroscopic charac- 
teristics being used for studying the structure of matter. Methods of spectral 
analysis are widely used in everyday production control in metallurgy, aircraft 
and motor car industries as well as in engineering and prospecting, practically 
superseding chemical methods. 
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The entire work in spectroscopy and spectral analysis in the U.S.S.R. is 
directed and coordinated by the U.S.S.R. Academy of Sciences Commission 
on Spectroscopy, which includes eminent scientists in spectroscopy and spec- 
tral analysis, from various research institutes, universities, and industrial 
enterprises. Biannual conferences on atomic and molecular spectroscopy and 
its applications are held in the U.S.S.R., the number of their participants 
increasing rapidly. The tenth Conference held in Lvov (1956) was attended by 
about 1500 participants, and about 350 papers were presented. A special 
periodical journal Optics and Spectroscopy is being published in the U.S.S.R. 
Papers on spectroscopy are also printed in many other physical and technical 
scientific publications. 

Soviet industry manufactures various equipment for spectroscopic investi- 
gations and spectral analysis. Some specimens of this equipment are displayed 
at this Exhibition. Of certain interest are, among other exhibits, specimens 
of diffraction gratings and echelettes used in various Soviet spectroscopic in- 
struments. 

The exposition at the “Palais de Science” shows some works of Soviet 
scientists on spectroscopy and the new methods of spectral analysis. These are 
selected so as to give an idea of the diversity of spectroscopic investigations. 
‘The exposition does not include a rather large number of works embracing the 
various, now routine, methods of emission analysis, infrared absorption ana- 
lysis, etc. The exposition is arranged on two stands, displaying the investi- 
gations of atomic and molecular spectra respectively. The exposition dealing 
with molecular spectra includes some works on application of molecular vibra- 
tions and rotations in the study of the structure and composition of matter. 
A considerable part in investigations conducted in the U.S.S.R. is played 
by the Raman effect discovered in 1928 by Raman (India) in liquids, and simul- 
taneously by L. Mandelstam and G. Landsberg (U.5S.S.R.) in crystals. 


II. Atomic Spectroscopy 
(Atomic Electron Shells) 
1. Rozhdestvensky’s ‘““Hook” Method and its Applications. 


Important results are obtained in the investigation of atomic spectra by 
studying abnormal light dispersion in the immediate vicinity of absorption 


dines, according to a method developed by D. Rozhdestvensky in 1912. . 
Spectrograms obtained by Rozhdestvensky’s method show hook-shaped inter- ° 
ference fringes (Fig. 1), on both sides of the absorption line, whence the name, , 





Fig. 1. Abnormal dispersion in neon excited in a pulsed discharge. 
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the “hook” method. The linear distance between the apexes of the hooks is 
proportional to the square root of the product of concentration of the absorb- 
ing atoms and the value of the so-called oscillator strength (f) of the respective 
line. The latter value is related to the probability of the transition of the atom 
from one energy state to another and forms one of the most important atomic 
constants. Thus, the Rozhdestvensky method enables us to measure the pro- 
babilities of transitions of the atom or, if the latter are known, atom concen- 
trations in the ground state and in the various excited states. 


The Rozhdestvensky method was used at first to determine the relative 
and later on the absolute values of transition probabilities in atoms of alcali 
metals. In later studies Rozhdestvensky and his pupils extended the appli- 
cation of this method to more complicated spectra owing to improved experi- 
mental technique. At present the following elements have been investigated 
by the “hook” method: Li, Na, K, Rb, Cs, Cu, Ag, Ca, Sr, Ba, Zn, Cd, Hg, 
Al, Ga, In, Tl, Pb, Se, Ti, V, Cr, Mn, Fe, Co, Ni, Mo, Ne. 

The hook method is also used to study electric discharges in gases. The 
knowledge of atom concentrations in various energy states allows to draw 
conclusions about the extent to which conditions in gaseous-discharge plasma 
differ from thermodynamic equilibrium, as well as about the nature of atomic 
excitation, the degree of ionization, vapour density, etc. 


In the U.S.S.R. considerable attention is also paid to theoretical caleu- 
lations of f-values in atoms. This work is being carried out by V. Fok and 
his numerous pupils. The calculations are chiefly based on wave functions 
obtained by employing Fok’s self-consistent field method taking exchange into 
account. At present the calculations of the f-values are performed by electronic. 
computers. 


References: D. Rozhdestvensky, Investigations of Abnormal Dispersion in 
Metal Vapours, “Classics of Science” Series, published by the U.S.S.R. Academy of 
Sciences, 1951; V. Fok, Mutltielectron Problem of Quantum Mechanics and Atomic 
Structure, collection of articles dedicated to the 30th anniversary of the October 
Socialist Revolution, part I, p. 255, the U.S.S,.R. Academy of Sciences, Moscow-Lenin- 
grad, 1947. . 


2. Spectral Analysis Using the Vaporization Technique. 


A number of branches of modern industry (atomic energy production, semi- 
conductor devices, etc.) demand especially pure materials. Their analysis pre- 
sents special difficulties, since conventional methods of chemical and spectral 
analysis fail, as a rule, to provide the required sensitivity of determination. 
On the other hand spectral analysis employing the vaporization technique 
makes it possible to obtain exceptionally high analytical sensitivities in a 
number of cases. 


The method consists in separate vaporization of the impurities and in the 
excitation of their spectra, whereas impurity spectra free from the base spec- 
trum interferences are obtained using the phenomenon of fractional vapori- 
zation. 
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Vaporization of impurities is performed by heating the sample to a given 
temperature in a special vaporizer. The impurities condense on the cooled 
surface of a copper or graphite electrode and are then burned in an arc or 
spark. The composition of the condensate is determined by using conventional 
methods of spectral analysis. The scheme of the vaporizer is shown in Fig. 2. 
Sublimation of impurities may be carried out either in air or in a vacuum. The 
méthod allows fairly accurate quantitative determination of trace impurities 
in low-volatile substances (1 X 10-°—1 x 107“). 

The method is used for the analysis of uranium, thorium, beryllium, alu- 
minium, plutonium oxides and other metals as well. Thus, for example, a 






Phep lll lagi 





Fig. 2. Vaporizer diagram: 1—graphite container with sample; 2— graphite 
crucible; 3 — current-heated graphite brushes; 4 — water cooling; 5 — graphite 
or copper condensate receiver; 6 — water cooling of receiver. 


quantitative determination of such impurities as 2 x 107° per cent Li, 1 x:10~° 
per cent B, 2 x 10-5 per cent Mn, etc., is possible. 


References: S. Mandelstam, N. Semyonov, Z. Turovtseva, Journal of Analy- 
tical Chemistry, 11, 9, 1956; A. Zaidel, N. Kaliteyevsky, L. Lipis, M. Chaika, Y. Belayev, 
Journal of Analytical Chemistry, 11, 21, 1956; Y. Belayev, A. Zaidel, Journal of Analy- 
tical Chemistry, 12, 30, 1957; A. Zaidel, N. Kaliteyevsky, L. Lipis, V. Tarakanov, Optics 
and Spectroscopy, 3, 16, 1957. 


3. Powder Injection into Are Discharge. 


To attain a higher reproducibility in spectral analysis of ores and minerals, 
a new method of introducing the sample to be analysed into the discharge zone 
has been used. An air jet injects the pulverized sample under test into the 
discharge of an activated A. C. arc. A special apparatus, type ABP-2 (Fig. 3), 


6 


for a rapid semiquantitative analysis for the content of 10 to 15 elements in 
friable surface deposits has been developed. Plotting the concentrations of 
elements on maps makes their scattering haloes over ore outcroppings obvious. 
ne apparatus makes it possible to obtain spectra of about 1,000 samples in 
8 hours. 





Fig. 3. External view of powder injector (ABP-2), 


Air injection stabilizes the conditions of vaporization of the elements and 
of the excitation of their spectra, reducing to a minimum the role of processes 
on the electrodes, which considerably affect analysis results in the case when 
a sample is introduced into the crater of the carbon electrode by usual methods. 

Application of the injection method reduces the error in quantitative deter- 
minations and increases analytical sensitivity for many elements. The method 
is widely used in the analysis of ores, rocks, minerals, slags, and other materials 
for content of all elements excited in a carbon are. 

References: A.Rusanov, V.Khitrov, Plant Laboratory, 28, 175, 1957; 
A. Rusanov, T. Tarasova, Journal of Analytical Chemisiry, 10, 267, 1955; V. Nedler, 
Plant Laboratory, 21, 1056, 1955. 


4. Spectral Determination of Gas Content in Metals by Means of 
Pulsed Discharge. 


Analysis of gases in metals is an important technical problem. Until 
recently only chemical methods have been used for this purpose. Employment 
of spectral analysis often furnishes significant advantages. The method consists 
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in exciting the sample spectrum by means of a high-or low-voltage pulsed 
spark, Analysis of oxygen and nitrogen content in steels and hydrogen in 
titanium alloys (down to 0.005 per cent has been worked out). The sample is 
placed in an atmosphere free from the components to be determined. The 
spectra are photographed by means of a type MCII-51 standard spectrograph 
with a F=270 mm camera. At present the methods are being worked out for 
determination of these gases in other metals (for instance, in Cr, Mo). 


References: S. Mandelstam, O. Falkova, Plant Laboratory, 16, No. 4, 430, 1950; 
O. Falkova, Bulletin of the U.S.S.R. Academy of Sciences, Physical Series, 19, No. 2, 
149,1955; N. Gerasimova, T. Ivanova, N. Sventitsky, G. Startsev, K. Taganov, 
M. Trentovius, Bulletin of the U.S.S.R. Academy of Sciences, Physical Series, 19, No. 2, 


147, 1955. 


5. Hydrogen Content Determination in Metals by Isotopic Equilibra- 
tion Method. | 


The method is based on isotopic equilibration of a certain amount of de- 
uterium with the hydrogen contained in the metal sample under test. The com- 
position of the gas surrounding the sample is established after equilibration by 
the relative intensity of hydrogen and deuterium lines. The spectrum is excited 
by means of an electrodeless high-frequency discharge. The method does not 
require the use of standards. The results are largely free from effects of other 
gases evolved when heating the sample. Two variations of the method have 
been developed: a more accurate one, with photoelectric recording of the H,- 
and D,-lines in a spectrum obtained by means of a monochromator with 
a diffraction grating, and a simplified semiquantitative one, where the relative 
intensity of the H,- and D,-lines is measured visually, using a polarization 
deuterometer (without a spectral instrument). In the former case the error 
approximates 6 per cent, while in the latter it is about 15 per cent. The method 
permits determination of hydrogen content of 0.1 cm® per each 100g metal 
(zinc, aluminium, iron, titanium, zirconium and steel). Up to 20 analyses are 
carried out in 8 hours. 


References: A. Zaidel, A. Petrov, Journal of Applied Physics, U.S.S.R., XXV, 
14, 1955; A. Zaidel, A. Petrov, G. Veinberg, Spectral Isotope Method of Hydrogen De- 
termination in Metals, Leningrad State University Publishing House, 1957. 


III. Molecular Spectroscopy 
(Molecular Vibrations and Rotations) 


1, Caleulations of Vibrational Spectra. 


Generally, 3N-6 fundamental vibrations are possible in a molecule con- 
sisting of N atoms. The task of fundamental research is to determine the 
frequencies of normal vibrations and other spectral characteristics (intensity, 
polarization, etc.) from the known data on molecular structure. The inverse 
problem consists in the determination of molecular structure by spectral prop- 
erties of the molecule. The principal results of investigations accomplished by 
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Soviet scientists on the theory of molecular vibrations are collected in a special 
monograph published in 1949. Simplified methods of calculating the frequen- 
cies and forms of molecular vibrations were developed and a theory of line 
intensity and line polarization in vibrational spectra has been evolved. 

Of late the calculation of molecular vibrations has become much more 
rapid due to the use of electronic computers. 


References: M.Volkenstein, M.Elyashevich, and B. Stepanov, Molecular 
Vibrations, State Publishing House of Theoretical and Technical Literature, 1949; 
L. Mayants, Proceedings of the Physical Institute of the U.S.S.R. Academy of Sciences, 
5, 63, 1950; R. Podlovchenko, M. Sushchinsky, Optics and Spectroscopy, 2, 49, 1957. 


2. Rotational Spectra of Molecules in the 0.5 mm Region. 


The frequencies of rotational transitions of molecules are usually very 
low, and the corresponding lines lie in the far infrared region. For a long time 
our knowledge concerning this region was very limited due to the great experi- 
mental difficulties involved (low energy of thermal radiation in this spectral 
region, lack of sensitive detectors). 

It is only recently, thanks to the progress in the techniques of detecting low 
intensity radiation, development of efficient diffraction gratings (echelettes), 
and to the use of aspheric optics, the construction of equipment for recording 
long-wave spectra proved to be possible. The method has come to be widely 
used for the solution of various structural problems of physics and chemistry. 

A laboratory vacuum spectrometer (with a relative aperture ratio of 1 : 2) 
has been developed in the U.S.S.R. for automatic registration of infrared spectra 
within the 20-500 4 range and upwards. It uses a silite rod (for operation in the 
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Fig. 4. Rotational spectrum of water in the 130-3(0 uw region. 
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region up to 100 4) and a IIPH-4 quartz mercury tube (for the remaining 
region) as radiation sources, and an optical acoustic receiver as an indicator. 
The data are recorded by an automatic registering device. Four echelettes with 
a grating area of 250 xX 250 mm? are used. 

Fig. 4 shows the recording of the rotational spectrum of atmospheric water 
in the 130-300 uw range. Frequencies and intensities of the absorption bands 
are in good agreement with the theoretical predictions given in the upper part 
of the figure. 

References: N.Yaroslavsky, B.Zheludov, A. Stanevich, Optics and Spec- 
troscopy, 1, No. 4, 507, 1956; S.Luchin, Journal of Applied Physics, U.S.S.R., 16, 
1115, 1945. 


3. Investigation of Fine Structure of Absorption Bands in Infrared 
Region of Spectrum. 


Investigation of the fine structure of vibrational-rotational spectra permits 
to determine important molecular constants. To resolve the fine structure of 
vibrational-rotational spectra of diatomic and more complex molecules, appa- 
ratus with high resolving power should be used. The general view of one such 





Fig. 5. Diffraction spectrometer for investigating the fine structure of vibrational- 
rotational spectra: 1 — spectrometer; 2 — gas cuvette; 3 — amplifier and register. 


device constructed in the U.S.S.R. is shown in Fig. 5. The grating (echelette) 
with an area of 150 < 150 mm? (300 lines per 1 mm) ensures a resolution 
better than 0.1 cm7/. Preliminary dispersion of the radiation is effected by 
means of a prismatic monochromator. 

Radiation first enters a two-meter cuvette and owing to multiple reflection 
covers an optical path of 8 to 200 m. The light is detected by a lead sulphide 
resistor, and the amplified signal is recorded by an automatic registering de- 
vice. Fig. 6 shows part of a CO spectrum obtained with the help of this spectro- 
meter. The investigation of absorption spectra of water vapours allowed to 
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establish the dependence of absorbed energy of an individual rotational line or 
group of lines on vapour concentration, the path length and the pressure of 
foreign gases (He, N,, CO,). The regularities thus established have been used 
for the study of molecular interaction and for the determination of gas humidity. 


References: B.Neporent, K. Vasilevsky, N. Lapina, Optics and Spectroscopy, 
3, 289, 1957. 
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Fig. 6. Absorption spectrum for the first overtone of carbon dioxide at 300°K. 


4. Resonance Raman Effect. 


Raman line intensity rapidly increases as the exciting frequency ap- 
proaches the absorption band of the scattering molecules. This effect compensates 
for light absorption in coloured media, thus enabling observation of the Raman 
spectrum in the hitherto inaccessible resonance region. Raman line intensi- 
ties are tens and hundreds of thousands of times higher in the resonance 
region than far away from the absorption bands. It has been possible therefore 
to observe the Raman effect at exceedingly low concentrations (ol the order of 
104 per cent). 

The above method made it possible to study the spectra of many intensely 
coloured aromatic compounds, to investigate the interaction of atomic groups 
in complex molecules and to study the effect solvents have on the vibrational 
spectra of solute at low concentrations. 


References: P. Shorygin, Reports of the U.S.S.R. Academy of Sciences, 87, 101, 
1952, 


5. Investigation of Fog Transmission in the Infrared Region of 
Spectrum. 
Due to the compensation of radiation absorption by water vapours, pure 
scattering and absorption effects caused by the drop phase of fogs could be 
observed. Instead of the expected absorption bands of liquid water (2 = 2.95 
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and 6.02 4) transparency bands were observed in the transmission spectrum 
of cooled fog, their position (2 = 2.77 and 5.80 ft) unaffected by the size of 
the fog drops. 

These bands are conditioned by selective scattering caused by the anoma- 
lous behaviour of the refraction index in the region of liquid water absorption 
bands, and by the true absorption of radiation by the drops. The position of 
the transparency bands coincides with the wave lengths, which correspond to 
the minima of the water refraction index. The use of so-called “integrating 
spheres” eliminated attenuation of the radiation beam caused by light scat- 
tering. Under these conditions practically no attenuation has been observed in 
the transmission spectrum of fog. Absorption bands have been observed whose 
position and shape are close to those of the absorption spectrum of liquid 
water film. 


Similar phenomena have also been observed in the spectra of similar ob- 
jects. 


References: V. Malyshev, Materials of the Xth U.S.S.R. Conjerence on Spectro- 
scopy, Lvov University Publishing House, 3, 1957. 


6. Determination of Earth’s Atmosphere Humidity. 


The method of infrared absorption spectra has been used for the deter- 
mination of humidity of the Earth’s atmosphere at altitudes up to 20 km. A 
special altitude instrument (Fig. 7) was used, consisting of a vacuum mono- 
chromator with a diffraction grating, equipped with air-to-ground signal trans- 
mitters connected with the altitude, air temperature and humidity meters, ete. 


References: B.Neporent, V. Belov, O. Dmitriyevsky, G, Zaitsev, W. Kastrov, 
M. Kiselyova, L. Kudryavtseva, I. Patalakhin, Bulletin of the U.S.S.R. Academy of 
Sciences, Geophysical Series, No. 4, 1957. 


7. Study of Glass Structure by Method of Raman Spectra. 


For the investigation of glass structure photoelectric recording of spectra, 
a powerful low-pressure spiral ‘mercury tube (of the “Toronto” type), as well 
as double-monochromatization of radiation in a specially designed spectro- 
meter have been used. 

The examination of over 40 samples of two-component glass and molten 
quartz samples has shown that spectrum parameters do not always vary mono- 
tonously with composition of the objects. More or less abrupt changes of spectra 
point to structural changes in glass. It is supposed that during the formation 
of two-component glasses cations of monovalent metals are distributed in 
places of Si—O bond rupture non-statistically, and that regions of different 
structure are simultaneously present in glass (space net lattice, layers and 
chains of SiO, tetrahedrons). 


References: Y.Bobovich, D. Gurevich, Journal of Experimental and Theo- 


retical Physics, 27, 318, 1954; Y. Bobovich, T. Tulub, Optics and Spectroscopy, 2, 174, 
1957; B. Kiselyov, Optics and Spectroscopy, 1, 597, 1956. 
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Fig. 7. Altitude infrared spectrometer for the determination of humidity in the 
Earth’s atmosphere. 
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8. Combined Method of Determining the Individual Hydrocarbon 
Composition of Light Oil Fractions (Benzines). 


The Raman method is widely used in the U.S.S.R. for the analysis of various 
organic mixtures. he method of determining the hydrocarbon composition of 
light fractions (benzines) has been developed more thoroughly. The original 
benzine is being successively decomposed by means of various physical and 
chemical processes into a series of simple fractions similar in their group hydro- 
carbon composition and molecular weight. These fractions are then investi- 
gated by using the Raman method. To decompose the original benzine the 
following methods are applied: 


1. Precise rectification by means of distillation columns with an effective 
length of 40 to 50 theoretical plates enabling narrow fractions boiling within 
4 to 5° to be obtained. 


2. Chromatographic adsorption, allowing the separation of aromatic hydro- 
carbons with strong light scattering from paraffine and naphthene ones. 


3. Dehydrogenation catalysis, by means of which cyclohexane naphthenes 
containing no heminal carbon atoms are separated from the paraffine-naphthene 
fractions by converting these into aromatic hydrocarbons. 


Conditions have been worked out under which the results of hydrocarbon 
mixture analysis are reproduced with an accuracy of + 10 per cent (relative). 
The analysis is performed without a large number of standards (two materials 
are sufficient: toluene and methyl! cyclohexane). This required a previous in- 
vestigation of Raman spectra of over 100 specially synthesized standards of 
individual hydrocarbons forming part of benzines. The intensities of the Ra- 
man lines of these compounds are given in uniform scale units. The method is 
widely used in the U.S.S.R. not only for benzine analysis, but also to determine 
the composition of various hydrocarbon reaction products. 


References: G.Landsberg, P. Bazhulin, M. Sushchinsky, Principal Para- 
meters in Raman Spectra of Hydrocarbons, Moscow, 1956; G. Landsberg, B. Kazansky, 
P, Bazhulin, A. Liberman, Y. Mikhailova, A. Plate, Kh. Sterin, M. Sushchinsky, 
G. Tarasova, and 5. Ukholin, Determination. of Individual Hydrocarbon Composition 
| of Direct-Stilling Benzines by the Combined Method, Moscow, 1958, 
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Perynatop 4A nporpammuHoro 
ynpaBneHnA nepvognecHum 
XUMHYECHMM NpouWeccom 


HASHAUE HME 


Ff Porpawanai peryaTop mpeqHasnayeH J.18 aBTOMaTHYeCcKoro 

yupaBeHHaA XMMHYCCKHM MpoueccoM, ApoTekalowluM mepH- 
OAMUeCKH TO YCTAaHOBJIEHHOH BPeMeHHCH NporpaMMe u Ia 3anHcH 
OTKJIOHCHHH OT peoKMMA, IPHHATOrTO Ha B3aalowlem ycTpolicTse 
peryulaTopa. 


NPHHLUMWN AEMCTBMA NPOFPAMMHOPO 
PETYAATOPA 


Baok-cxeMa mporpaMMHoro peryasTopa mpemcraBjena Ha 
pue. 1. Mapamerp peryampospanua (BbIXoaHaa KOOpAuHaTa OOb- 
€kTa pery.1MpOBaHHA) BOCNPHHHMaeTCH MaTYMKOM, HMeIOMLMM 















Ob beKIN 


Jadamuuk 
peeynupobanun 


Npoipaitol 






bQUNACHAA NANENb 
Gucmanyuonnoen 
Ynpacneyun 





Puce, 1 


SeKTpHyecKHH BbIXon. JIlapamerTpomM peryaupoBaHua MoxKeT 
6bITh Temnepatypa (aTYHK —TepMonapa, uM TepMomeTp Co- 
TIpOTHBJICHHA), pacxod (JaTanK — an@Manomerp JIM, usu pota- 





metp POA), pH cpegn (qaTuHk — napa 9slekTpoxOB). QueKTpu- 
yecKoe Hallps2KeHHe OT LaTYHKa CpaBHHBaeTCA BO BTOPHYHOM 
mipHOope ¢c Halps2xKeHHeM, CHHMA€MBIM C NporpaMMHoro 3aaT- 
qukKa. 

HanpsxeHne paccoriacoBaHHua, XapakTepH3ylolee OTK.10OHe- 
HHe OT pe2%KHMa, NpHHATOrTO Ha MporpaMMHOM 3afaTuHKe, U3Me- 
pAHeTCA B1CKTPOHHHIM CaMONMUIYOIMM HM peryAnPylouluM npHOo- 
poM. OuekTpHueckan cxeMa 9TOTO MpHOopa BbINOJHeHa TAKUM 
06pa30M, 4TO «3IEKTpHUeCKOMYy HyJ110» COOTBeTCTBYeT CepenHHa 
WKaIbl mpHOopa. 3amatolulad cTpeaka MHeBMAaTHYeCKOrO pery.a- 
Topa Tak?Ke yCTaHOBJeHa Ha WeHTp WKaJbl. 

IIpu ofK1oHeHHH NapameTpa perysupoBaHHA OT 3HaUeHHA, 
3aaHHOrO NporpaMMHbIM 3aQaTuHKOM, MMUIyWlad cTpedKa pery- 
<IMpyrollero mpHOopa OTXOWNT OT 3afaiolleH cTpedKH Hu, ec.M, 
HalipHMep, NapaMeTpoM pery.IMpOBaHHA ABIAeTCA TeMMepatypa, 
NHEBMATHYeCCKHHM perylATOP NPKBOAUT B DeHcTBHe KJanaHbl WA 
NOLau BOAb] WW Napa (B 3aBHCHMOCTH OT 3Haka OTKJOHeHHS) 
1d TOPO, YTOOb] NapaMeTp pery-IHPpOBaHHA Obl. NPHBeLeH B CO- 
OTBeETCTBHeE c 3afaHHemM. JIlapoBoli kKaanaH, MelicTByloulHi mo 
CHCTeMe «BO3YX OTKpbiBaeT» (BO), H BONAHOH kKslanaH, meH- 
CTBYIOWMH No CHCTeMe «BO3qyX 3akpblBaeT» (B3), mMoryT 6bITb 
HaCTpoeHb] O€3 B3aHMHOrO MepeKpbITHA (HaACTpOika Mpou3Bo- 
AMTCA Pery.1MPOBAHHeM HaTs>KeHHA TMpy2XKHH y NO3MUHOHEPOB). 
IlpumMenenne 2ByX KanaHoB aeT BO3MOXKHOCT MporpaMMHOMy 
peryistopy paOoTaTb Ha pa3.IHUHbIX yYacTKaX C dK30TeEPMHUe- 
CKAMM MW 9HJOTEPMMUECKHMH peakUHAMH. 

Kpome aBTomatnueckoro pery.lIMpoBaHuA 3adanHoro napa- 
MeTpa (MO 2KecTKOM BpeMeHHOHM NporpamMe), mporpaMMuplli pe- 
TYJATOP MOKeT MPOH3BOAUTb pectleHHble NepeKIOUeHHA BO BDpe- 
MeCHH 1A TlyCKa M OCTAHOBKM MeWaJKH, 3aNOJJHeHHA annapata, 
nepelaBMBaHuaA TOTOBOrO MpodykKta uv. nm. Jaa astToro Nenoab- 
3yYI0OT CBOOOAHbI€ B1CKTPHYeCKHe HW MHEBMATHYCCKHe KOHTAKTHI 
KOMAaHAHOrO MpH6opa KOTI-12. 

Metres Tpv MoauduKauHH NporpamMMHoro pery.lsTopa, or- 
IMU AIOUIMeCA KOHCTPyKWMeH MporpaMMHoro 3ayaTunka. 

I]porpaMMHbIH 3a%aTuMK NOTeHMMOMeTpHYecKOrO THMA M03- 
BOJIH€T NPOH3BOANTb HaOOp TpeOyeMOH cTynNeHUaTOH mporpaMMbl 
U3MeCHCHMA NapaMerpa peryHpoBaHna. 

[IporpaMMubiit 3aaTuNK Ky1auKOBoro THNa CHaG*KeH BCTNO- 
CHHBDIM B HpvOop KOT-12 unawngpHyeckuM kKy.JauKoM Jaa 
Tl1aBHOTO TIporPaMMHOro H3Me€HEHHA TapaMetpa peryMpoBanna. 

TJporpaMMubilt 3a,aTuMK JeHTOYHOrO THNa MMeeT WIA 3aa- 
HHA MporpaMMbi ZBe AopoxRKu c nepdopauneli. 

IIpumepupili Bud Tpe6yemoli mo periameHTy mporpaMMbl 
H3MCHeCHHA TeMNepatTypbl NpezcraBsen Ha puc. 2, a peatMzalus 
39TOH MporpaMMbl pH NOMOMWM NporpamMMuHoro peryasatopa (3a- 
TIMCb OTK-IOHEHHH OT NporpaMMbl) MJIIOCTpHpyeTca 3alucbio Ha 
AWarpaMMe BTOpH4uHoro mpHOopa (puc. 3). 
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i 
rests? 





HOMNJEKTHOCTb 


WT). 





(QeKTpHuecKanH CxXeMa mpHOopoB H3MeHeHa). 
3, 3amaTuwK mporpaMMbl. 
4, Tipu6op tuna KOlI-12. 


(pH peryJIHpOBaHHy TeMMepaTypbl). 





(pH peryMpoBaHHn TeMMepaTyPpbl). 
7, Jizga nosuuMouepa II-I. 


9. MDuNbTp DIA BO3SAyXa. 
10. Penyxrop ia BO3sdyxa. 
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B KOMMWJeKT porpaMMHoro pery.1sTopa BXOAAT- 
1, Jlarunk c 3I€KTPHYeCKHM BBIXOOM (TepMorapa, — 
MeTp  CONPOTHBAeHHA, AHPMaHOMeTP ITM, potTametp 


9. CamMonullylluu u peryIMPYIOWHA SEKTPOHHBIM NOTECHIMO- 


metp SII-32 nan auc cbepenuuasIbHO-TpancdopMaTopHbln npH- 
ee 6op STIM-06 co BeTpoeHHBIM MHEBM AaTHYeCKUM 


5. Mem6paHHbl mHeBMaTHYueCKHM kKJlanaH BO mia mapa 


6. Jipa MeMOpaHHBIX NH€CBMATHUECKHX KJlalana B3 aA BOB 


8 TlaHelb DHCTAHLMOHHOTO yipaB-leHHA BHOAY. 
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Ileppocrenenani HaysHelli HW mpakTuuecKHil mmurrepec 
MpeACTaBIAACT HCCHETOBAHHE KOPOTKOBOIHOBOTO HBTyye- 
nua Cownya. Kak mlokasanu weeaeqoBpaHvida wocaeqHHx 
ner, Counye, NoMuMO BHAWMOrO cBeTa, HenyeKaer n3.1y- 
yeHue, NpocTrupaiomleecca B WIMpoOKyIo OO1acTbh HH BOJH, 
HavHHaA OT PCHTTeHOBCKHX Jyyeli C IMHO BOaHDI n0- 
paika HeCKOADKUX CTOMHITHOHHDIX Joneli caHTHMerpa 
H KOHWaA pafloBOTHaMH Janno B HECKOIbKO MeTPOB. 

KopoTkopoanopoe n3syyenne Counya (yaprpaduore- 
TOBOC HM PCHTTeHOBCKOe), a TAKKE Pa OHBIy4eHe CBA3AHO 
© quswueckumu nponeccama, MporekaiouyuMu B Mao- 
H3YYeHHDIX BHCHIHNX Caosx aTmocdeppr Coanna (xpo- 
Mocipepe H Kopone), H OKasbIBaeT CHLIbHOe BinHe Ha 
aTMocdepy 3emdH. 

Odulad aHepruis KOPOTKOBOTHOBOTO HBaysenna Comnia 
CpaBHHTeIbHO HeBeIHKa. OHakoO MMeCHHO KOpOTROBO.T- 
HOBOC H3TyYCHNe OKABLIBAeT UpesBLMalino Oopiuloe BALA- 
He Ha 3semMHyIo aTmMocdepy. OObacHAeTCA aTO TeM, UTO 
KOPOTROBOAHOBOe UBIyseHue OONayaeT upe3sBLualiHo BpI- 
COKOH AKTHBHOCTHIO 1 CHOCOOHO HOHU3HpORATh MOWeKYAbI 
BOBAyxXa, BbIsbIBaH OOpasoBaHHe HoHOedepbl — CHAbHO 
NOHH3EPOBAHHDIX BEPXHHX Ci0eB aTMocdeppi. 

semHad aTmMocipepa NoYvTH NowWoCcThiIo Worjomaer 
yibTpapHoreropoe usryyenne Coanma. Oro moraoutlatw- 
mee jelicrBue aTmMoceppl UpeqoxpanaeT skWBDIe opra- 
HH3MbI OT LyOHTeIbHOrO [1A HHX KROPOTROBOAHOBOrO 13- 
ayyeHna Coma. B ro ae BpemMaA OHO etaeT HCBOSMOAIHDIM 
HecaeqoBaHhie sTero usnyyeHus c Seman. Horzomesne 
MOJeKY1aMH BOSLYXA HACTONDKO BeTHKO, 4TO [LIA Had.nO- 
CHHA KOPOTKOBOJHOBOTO H371yUCHHA HeoOxo,HMO BeCTH 
HaOMOWeHHA TONDKO 3a Tpeyedami 3emHoii aTmocpeppl. 

Ha BTopoM coBercKOM TckyccTBeHHOM cHyTHHKe Obi 
yeraHoBieH upnOop, cocrommuit m3 Tpex cnenuacdbHpix 
MOTOSICRTPORHDIX YMHOMETETeH, KOTOpDIe pacnomoReHEI 
nog yriom 6 120° zpyr k Apyry. KRasxgprit doroymHomu- 
T@Ib MOCIEFOBATCADHO MepeCKPHIBAICA HeCKOABKHMH (Pu-Ib- 
TpaMH 43 TOHRMX MeTacLINUCCRHX HM OpraHWyecKHx me- 
HOR, 4TO NOSBOTAIO BbUICIATb pasIHYHbIe [sanasoubl 
B PeHTTeHOBCKOli OOacTH cueKTpa CoaHMa H cmHHIO BO- 
qopowqa B atekoli yabrpadnoseropoli oOaacrn, OneK- 
TpHyeckne CurHaIDI, TaBaempie oTOyMHoRETeIeM, KO- 
Topbiii On Hanpasien wa Coammue, yenauBanneb paluo- 
CX€MaMH MW Hepeqabawich Ha 3eM.0 © HOMOUIbIO TeIeMeT- 
payeckoli clicTeMpl. 

BeszeyerBue Toro, YTO CILYTHUK HenpeppiBHo u3MeHsAI 
CBOIO OPHCHTANMIO OTHOCHTeIbHO Comma, A TaKiKe 4acTb 
BpeMeHH HaxXOAMICHA B TCH SeMI, IA SKOHOMHH HeTOU- 
HHKOB WTAaHHA DICKTPHYeCKHe We aunaparyppl BKO- 
YWaINCb TOUbKO Hpi WoraqannuH Coanya B Howe 3peHisA 
ORHOrO H3 Tpex NPHeMHAKOB cBeTa. OTO BRUOUCHHe ocy- 
MCCTBIAIOCh © NOMOWIbIO POTOCONpOTHBAeHHi, ocBeniac- 
MBIX Co.THeM OFHOBpeMeHHO ¢€ OTOYMHOMMTeCTAMH. 


L’étude du rayonnement solaire ultra-violet & ondes 
courtes présente un trés grand intérét scientifique et prati- 
que. Comme |’ont montré les recherches des derniéres an- 
nées, le Soleil émet en plus de la lumiére visible, un 
rayonnement qui s’éfand dans un trés large domaine de 
longueurs d’ondes allant des rayons X a longueur d’onde 
de l’ordre de quelques cent-millioniémes de centimétre 
jusqu’aux ondes radioélectriques de plusieurs métres 
de longueur. 

Le rayonnement a ondes courtes du Soleil (ultra- 
violet et A rayons X) ainsi que le rayonnement radioé- 
lectrique sont en rapport avee les processus physiques 
se développant dans les couches supérieures peu étu- 
diées du Soleil (chromosphére et couronne) et ont une tras 
grande influence sur l’atmosphére terrestre. 

L’énergie totale du rayonnement A ondes courtes du 
Soleil est relativement restreint. Cependant c’est le 
rayonnement a ondes courtes qui exerce une trés grande 
influence sur l'’atmosphére terrestre. Ceci s’explique 
par lactivité extrcomement élevée du rayonnement Aa 
ondes courtes et sa facuité de ioniser les molécules 
de l’air en formant la ionosphére — les couches supé- 
rieures fortement ionisées de l’atmosphére. 

L’atmosphére terresitre absorbe presque compléte- 
ment le rayonnement ultra-violet du Soleil. Cette action 
absorbante de l’atmosphére terrestre préserve — les 
organismes vivants contre l’action néfaste du rayonne- 
ment solaire 4 ondes courtes cependant elle rend impos- 
sible l’étude de ce rayonnement A partir de la terre. 
L’absorption des molécules d’air est tellement impor- 
tante qu’on ne peut observer le rayonnement a ondes 
courtes qu’au dela des limites de l’atmosphére terrestre. 

Le deuxiéme spoutnik artificiel soviétique était 
doté d’un appareil comportant trois multiplicateurs 
photoélectroniques spéciaux disposés sous un angle 
de 120° par rapport l'un A l'autre. Chaque photomul- 
tiplicateur était successivement recouvert de plusieurs 
filtres composés des pellicules organiques et métalli- 
ques fines ce qui permettait de dégager différentes ban- 
des dans le domaine des rayons X du spectre solaire et 
la raie de Vhydrogéne située dans la région extréme 
ultra-violette. Les signaux électriques du photomul- 
tiplicateur orienté vers le soleil étaient amplifiés par 
des schémas radioélectriques et envoyés A la terre au 
moyen d’un systéme télémétrigue. 

Etant donné que Je spoutnik changeait continuelle- 
ment son orientation par rapport au Soleil et que pen- 
dant un certain laps de temps il se trouvait 
a lombre de la terre, pour économiser les sources 
d’alimentation de l’appareillage, celles-cin'’étaient en- 
clenchées que lorsque le Seleil entrait dans le champ 
visuel de l’un des treis récepteurs de lumiére. Cet en- 
clenchement était réalisé au moyen de photorésistances, 
éclairées en méme temps que les photomultiplicateurs. 


Studies of the X-ray and short wave-length 
ultraviolet radiation of the Sun are of major scien- 
tific and practical interest. Research done in the last 
few years has shown that, along with visible light, the Sun 
emits radiations of a wide range of wave-lengths, 
beginning with X-rays having wave-lengths of a few 
hundred millions of a centimetre and ending with radio 
waves several metres long. 

Solar ultraviolet and X-ray radiation as well as 
the radio waves emitted by the Sun are directly con- 
nected with the physical processes going on in the little 
known outer layers of the Sun’s atmosphere (the chro- 
mosphere and the corona) and have a strong effect on 
the atmosphere of the Earth. 

The total energy of solar short wave-length radia- 
tion is comparatively small. It is this short wave-length 
radiation, however, that has an exceedingly strong 
effect on the Earth’s atmosphere; this is due to the 
fact that the activity of the X-ray and ultraviolet ra- 
diation is exceedingly high and this radiation is ea- 
pable of ionizing air molecules. This results in the 
formation of the ionosphere — the heavily ionized upper 
layers of the atmosphere. 

The Earth’s atmosphere absorbs solar X-ray and 
ultraviolet radiation nearly completely. This absorbing 
effect of the Earth’s atmosphere protects living orga- 
nisms from solar short wave-length radiation which 
would be fatal to them. But at the same time it makes 
impossible the study of this radiation from the Earth. 
The absorption by air molecules is so great that for 
observing the X-ray and short wave-length ultraviolet 
radiation it is necessary to carry on observations beyond 
the limits of the terrestrial atmosphere. 

Soviet Sputnik H carried three special photo-electron 
multipliers set at an angle of 120° to each other. Be- 
fore each photo-multiplier rotates a dise with se- 
veral filters consisting of thin metal and organic films. 
This made it possible to measure different bands in the 
X-ray region of the solar spectrum and the hydrogen 
line in the extreme ultraviolet region. Electric si- 
gnalsfrom the photo-multipliers, which were directed 
toward the Sun, were amplified by radio circuits and 
transmitted to the Earth by means of a telemetric sy- 
stem. 

lm view of the fact that the Sputnik continually 
changed its orientation with regard to the Sun and 
spent some time on the part of ifs orbit not illuminated 
by the Sun, to save on the power sources, the electrical 
circuits of the apparatuses were only switched on when 
the Sun entered the field of vision of one of the three 
light receptors. The switching on was done by means of 
resistor photo - cells illuminated by the Sun simul- 
taneously with the photo-multipliers. 
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CamoopraHu3yrowanca cuctema 
peryMpOBaHHA ANA aBTOMaTHYECHOrO 
novcHa pewuma nO 3asaHHomy 
npwvsHary 


HA3SHAUE HME 


(U amoopranusyiontanca CHCTeMa peryJHpOBaHHA npeHa3Ha- 
yeHa WIA HelpepbiBHOTO aBTOMATHYeCKOrO NONCKAa PeKUMA, 
XapaKTepH3yloulerocad 3aJ,aHHbIM MpH3HaKOM. 


NPHHUMN JEACTBYMA CAMOOPFAHMSYIOLLIENMCA 
| CUCTEMb! PEF YNUPOBAHMA 
‘Baok-cxema CaMOOPpraHH3ylOWleHcA CHCTeMbI Pery.1HpOBaHHA 


npexcraBlena Ha puc. |. Brixoquble KOOPpAMHATH, XapakTepH3y- 
IOWHE PeXKUM PaSoTh OOLEKTA PeryHPOBAaHAA, BOCIPHHHMAWTCA 
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jaTuvkamy J] wv u3Mepsiotca npH6opamu I]. PesyanratTn 1u3Mme- 
peHHH MepelaloTca B BbIUHCAUTebHOe ycTpolicTBo BY, rye npo- 
H3BONHTCA BbINHCeHHe HeKOTOpOorO (byHKIWHOHAa.1a, HMerIOLULero 
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XApakTePHbIM NPH3HAK MPH HCKOMOM pexKume. 3HauenHa sTOrO 
(PyYHKILHOHa.1a B JHCKPeTHbIE MOMEeHTbI BPeMeHH TlepemaloTca B 
3aNOMHHalollee ycTpolicTtBo SY (onepaTHBHaa Namath). Borun- 
CHT IbHOe WH 3aNOMHMHatollee yCTpOHCTBO NepHoAMYeCKH OOMe- 
HHBaloTCH HHopMauvel. C NOMOMWbIO WICEMCHTOB JlorH4uecKoro 
HevCTBHA WH peBePCHBHOFO WaroBOrTo ABHTaTelA BbIUHCAUTe.1bHOe 
YCTPOHCTBO NIPOH3BORAWT HCKPeTHOe M3MCHCHHE BXOAHBIX KOOp- 
quHaT OObeKTa peryaHpoBaHus. I]pH 9THX H3M@HEHHAX YUHTHI- 
Ba€TCA HCTOPHA B3AMMOJeCNCTBHA OObeKTA PeryHPOBAHHA C BBbI- 
4YUC.THTC.IBHOH MalUHHOH, ypaBIAlollel XONOM TeXHOJOrMyeckoro 
mpouecca. Tloucku tTpe6yemoro pexuMa, 3a4aHHOTO B_ KDpHTe- 
pHadbHoH WIM AubPepenwMalbHol topMe, NMpoBowATca Henpe- 
PbIBHO, NYTCEM H3MCHEHHA BXOJHDIX KOOPAHHAT OGbeKTA Pery.tH- 
PpOBaHHA C yY4eTOM peakHHH OObeKTA Ha NPOMLIble H3MeHEHHA 
BXOJHbIX KOOPAMHAT (yueT Namath). 

Ha puc. 2 mpezcraBsjeHa CxeMa HCNO.1b30BaHHA CaMoOOpraHH- 
3yloluleica CHCTeMbI pery.1HpoBaHHa. OObekToM pery.1MpoBaHus 
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LbyLKOM- 
NONEHNHGA 


Pre. 2 


ABIACTCA QMCTHILIAWHOHHAA KOJIOHHA HenpepbiBHOrO elicTBua. 
B KOJIOHHY HeMpepbIBHO NoOaeTCA BYXKOMNOHEHTHAAH CMECb. 
Ceepxy oTOHpaeTca HH3KOKHNAlLad (pakuva sTOM CMeCH, a CHH- 
3y (43 kKy6a KOJIOHHbI) — BbICOKOKHNAUaA. Pasznemtetpyan 
CNOCOOHOCTh KOJOHHBI HenpepblIBHOrO eHCTBHA 3aBHCHT OT 
ckopocTH oT6opa J]. Hanayyuiuni pexkKHM KO.IOHHBI COOTBETCTBY CT 
MaKCHMyMy Ha kpuBoll AT=/ (D) (pune. 3). 
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Pasnocme memnepamypal, “C 


Ckopocme ombopa D 
Puc. 3 


MckOMbIM IIpH3HaKOM ABJAeTCA OT6Op D, COOTBETCTBYIOWIHH 
MakcCHMyMy Ha KpHBoh AY=f (D). Temnmeparypmt 7, u 72 (BHI- 
XOMHbI€ KOOPAHHATbI) BOCIPHHHMAalOTCA JBYMA TepMOMeTpaMH 
CONPOTHBJIeCHHA ant Mi ing (puc. 2). Or6op D peryaupyertca ca- 
MOOPraHH3ylOlleHcA CHCTeEMOH peryMpoBaHHA TakKHM oOpa3om, 
YTOOL! BCera BbIMOIHAICA 3a.aHHbl MpH3sHak: MaKCHMyM )pa3- 
HOCTH TeEMMepaTyp B ZBYX H3Me€PHeMbIX TOUKAX KOJIOHHBHI. 
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AUTOMATIC RECORDING CLOUD CEILOMETER 


Impuls light System Dr. Friingel 


Introduction 


The knowledge of the heights of clouds and their variations with 
time is of great importance for general meteorology and especially 
with respect to the requirements of the modern airport. The Frungel 
Ceilometer, for recording cloud heights, and the Frungel Trans- 
missometer for recording visibility or transmission of light, are two 
modern instruments which meet present day needs for accurate and 
reliable instrumentation, designed for long time service without spe- 
cial maintenance. While there are various instruments used for 
measuring cloud heights, the Frungel Ceilometer is unexcelled for 
accurately recording heights down to 100 feet. It will measure and 
record such heights with an accuracy well within 5% error. This 
instrument has proven itself reliable and trouble-free and it was 
selected last year for installation at several Airports in Europe and 
North America. The present design is the result of many years 
of cooperative research and development at the German Meteoro- 
logical Institute and the Impulse-Physics group working under 
Dr. Frank Frungel. It records cloud heights, automatically and accu- 
rately, during any part of the day or night. 


Principles of Operation 


The Ceilometer opérates on the right-triangle principle of altitude 
measurements in which the impulse interception angle of the receiv- 
ing unit is computed with a known distance between the impulse 
light transmitter and the receiver, to yield the cloud altitude. It is 
an excellent device for accurately measuring cloud heights up to 
800 meters (2,600 ft.) and by increasing the base line one can 
measure cloud heights to unlimited altitudes. 


The transmitter projects continuous light pulses, about 10 per second, 
with a pulse light duration of 1/us time duration, with an essential 
peak duration of about 0.3/us. Because of the high luminosity of 
ihe pulsed light beam, the receiver needs only a small lens. The 
emitted spectrum is in the range of the medium ultraviolet to the 
invisible ultraviolet range. Infrared light is not used. The special 
peak brightness is 5-107 candles/cm?. With the reflector surface 
having 2,000 cm2, a peak light on the axis of about 2,000 x 5-107 or 
1011 ed. is obtained. The peak Juminous density of the light pulses 
in the searchlight is considerably in excess over that of the daylight 


and the beam of light, collimated by a ground glass parabolical 
reflector, projects a disc of light approx. the diameter of the reflec- 
tor, onto the base of the cloud. The great luminous density of the 
sparked or impulsed light produces a sufficient reflected light in- 
tensity, even under daylight conditions and low reflectivity of the 
clouds, fo permit measurements with the small diameter receiver 
lens. The reflected light pulses are transformed into sharp electrical 
pulses by the photocell receiver, with its optical lens system and 
iris. The pulses, amplified in a wideband amplifier, trigger constant 
amplitude and width pulses in a monostable multivibrator. Each of 
these pulses produce a contact in the high speed relay which in turn 
controls the recorder, which is connected by cable to the receiver. . 
The receiver is moved in an arc, by a synchronous motor linked 
with the recorder unit, from a horizontal to a vertical position in 
the plane enclosing the axis of the searchlight beam and the base 
line. The recorder receives the pulses every time the moving point 
of interception of the optical axis of the transmitter light and the 
receiver, or every time the receiver sees the disc of light which the 
transmitter projects to the base of the cloud. The scriber on the 
recorder is linked by another synchronous motor connected with 
the receiver, and every make-contact of the high speed relay in 
the receiver triggers a spark imprint from the pen to the recording 
paper. There are scales on the receiver, graduated in degrees, as 
well as on the recorder, which can be read by the light of pulsed 
neon lamps. Also, there is a scale on the recorder graduated in 
height from 150 to 2,400 feet, matched to the length of the selected 
base line. A measurement is made every 30 seconds. The amplifier 
circuit is a wideband 3 tube amplifier and the output signal starts 
a monostable flip-flop, integrating three pulses in a time space 
corresponding to the pulse frequency of the transmitter. Sparks are 
made on the graph only when three signals are received; avoiding 
mistaken indications by single disturbing pulses. Flip-flop sensitivity 
can be regulated by a knob on the receiver. The length of the line 
on the graph depends upon the transparency of the cloud and it 
indicates a direct measurement of the angle range in which the 
reflected signal is received. The receiver continuously moves in the 
angular range and normally registers the scanning distance of 0 to 
20 degrees and back within a total time of one minute. The receiver 
can be adjusted to move over a range 0 to 90 degrees, or any 
portion thereof. For meteorological research, the transmitter may 
be used with several receivers fixed on different base lengths, when 
specific measurements are desired. Caesium-Antimon cathode type 
photocells are used, good for the spectral range from blue to near 
ultra-violet. Problems due to thermal disturbance do not exist, as Is 
found with the infra-red photocells. The light pulse of the trans- 
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miiter is strong enough to avoid the problem of noise, os it trans- 
mits a signal considerably higher than that found in continuous day- 
light. The lamp is demountable, and the housing may be removed 
and cleaned when it becomes blackened. Argon gas, filling the tube 
at an equalized pressure, increases the light output by a factor of 5. 
The lamp uses electrodes 5 mm. in diameter made from Tungsten. 
The projected light is concentrated in a beam of approx. 0.2° by 
means of a Mangin mirror. A trigger system is used to start the 
spark in the lamp. 


The receiver has a filter to favor the high color temperature pulse 
light against the low color temperature daylight and it has an 
adjustable width slot to protect the photocell. No relay operated 
break-contacts are used as these cause considerable trouble; make 
contacts are only used to guarantee almost an unlimited life of the 
relay serving the measuring circuit and the synchronization with the 
recorder, 


The gas pressure in the spark chamber can be increased at will. At 
one atmosphere pressure in the spark chamber, a light output of 
0.5 X 101! candles is emitted. By increasing the Argon gas pressure 
to 5 atm. the power or light output increases to 2-101! candles. 


When the transmitter is mounted on top of the roof of the airport 
tower it is fitted with a small diameter painted reflector plate which 
regularly sends a reflected beam of light back to the receiver for 
the fixed zero point (usually about 30 °), The angle of the zero 
reflected light naturally will depend upon the height at which the 
transmitter is mounted. 


The transmitter and the receiver are designed for outdoor use and 
protected against all types of weather, The transmitter has a heating 
coil to melt snow and ice from the sloping glass plate. It weighs 
300 Ibs. (135 kg.) and is 51” high (1,300 mm.) X 32” dia. (800 mm.). 
The base measures 32” (800 mm.) square. The receiver is very 
compact, and weighs 85 Ibs. (32 kg.) with the scanning head. It is 
approx, 59” high x 8-14 ” dia, (1,300 x 220 mm.). It requires a base 
of 16” square (400 mm.). The recorder with accessories weighs 
approx, 24 Ibs. (10-% kg.) and is 16” x 12” x 9-44” (400 x 320 x 
240 mm.}. The recorder base is 14” square (350 mm.). The power 
consumption of the transmitter is 1.0 kw. and the heating system 
requires 0.5 kw. extra. The power consumption of the receiver and 
recorder is 0.2 kw. The unit withstands a@ vibration factor during 
transportation of Ig. The measuring accuracy for the lowest cloud 
is plus or minus 0.5 © are. 


Based on a 250 ft. (75 m.) baseline between transmitter and receiver, 
the following data may be obtained: 


Width of dispersion 
Angle Height of Cloud plus or minus 
70° 830 ft. (250 m.) 20 ft. (6.25 m.) 
80° 1,460 ft. (440 m.} 80 ft. (18 m.) 
84.5° 2,640 ft. (800 m.) 165 ft. (50 m.) 


With a baseline of 250 ff. the range of automatic recording is more 
than 3,000 ft. (900 m.). For great heights, the instrument may be 
manually operated and a further increase in the operating range 
may be obtained by placing a small auxiliary oscilloscope in the 
receiver circuit. When the base is increased to 330 ft. (75 m.) cloud 
height measurements up to 4,000 ft. (1200 m.) may be recorded 
accurately, in small angle ranges. 
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Maintenance 


This instrument requires very little maintenance. The transmitter has 
two ranges, one for permanent working, that means for heights up 
to 1500 feet and an additional range with an 8 times higher energy 
per impuls for single measurements. After about 300 hours operation 
the spark lamp glass shell may become darkened and if it becomes 
too discolored, it should be removed and replaced with a spare 
glass housing. In order to guarantee a simple and quick exchange 
the used lamp can be replaced by a second one, so that the cleaning 
operation could be done afterwards. After about 300 hours of 
Operation, the electrodes should be changed or adjusted, as the 
space-gap gets larger. This work takes about 6 minutes. The receiver 
tubes, photocell and other tubes are factory guaranteed and they 
usually last about 1 year or 10.000 hours. A complete manual of 
instructions with photographs is sent with each Ceilometer. 


Advantages 


1. Impulsed light goes about three times higher than that of the 
rotating beam (normally approx. 3,000 ft. = 1.000 m.). 


2. The instrument has 2 ranges of spot energy, the normal one for 
permanent working, sufficient for abt. 1500 ft. (500 m.) height, 
and a 8 time higher additional spot energy range for a max. load 
of the lamp for measuring great heights. 


3. Small size receiver minimizes problems of weather such as snow, 
ice, rain, etc. A heating element melts ice and snow. Receiver 
Opening is only 3” diameter, housing is 6” diameter, 


4, Shows development of weather, indicates sinking clouds sharply 
on graph. 


5. Impulsed light beams are projected at exact angles, always. 
They do not spread causing error to receiver. 


6. As shot massive tungsten electrodes are used, they will not warp 
or change position, eliminating possibility of error which is 
caused by warpage of long electrodes in lamps of other ceilo- 
meters. 


7. The impulsed light used is the most intensive spark light avail- 
able. This permits the use of the transmitter for special work in 
meteorological research. 


8. Several receivers can be used 
a- to measure in the blue range, 
b- to measure in the infra-red range for deeper penetration of 
the clouds, 
c- additional receivers may be set at different base lines for 
measuring to various heights, up to approx. 10,000 m. at night. 


9 Spark light can not extinguish suddenly, as f. i. an electric bulb, 
from which the filament is burnt. The employment of the impuls- 
lamp will be limited by the slow decreasing of the measuring 
range, 
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Shows the transmitter with sloping top and open door to permit viewing of the 
controls and gas pressure valves, 











Shows the receiver mounted at the side of the post which contains the mechanical 
and electrical components, The post has a door to permit easy access to controls 
and adjustments. 





Shows the recorder with synchronizing buiton. 


(built-in unit, also available as separate box) 
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cylinders, near the top. 








Showing the rear of the transmitter with balance of condenser batteries and other 
elecirical components. The Argon Gas cylinder is partly visible in back of the 





and the spark chomber above the reflector. 





Side view of the transmitter showing the knobs of the gas valves at left and some 
of the condenser discharge batteries, with curved reflector (shown above) batteries 
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ULTRA-TAU M ETRE 


L’appareil est destiné aux études des pro- 
cessus de la relaxation de !a luminescence 
et de la photoconductibilité, qui s’écoulent 
en 5°10-8 — 20 sec. 


L’appareil se distir gue par son caractere 
universel et permet d’effectuer les études 
suivantes: 

@ Etudes des processus rapides exponen- 
tiels et non-exponentiels du déclin et de la 
montée de !a luminiscence et de la photo- 
conductibilité, processus excités par les im- 
pulsions périodiques rectangulaires de la 
lumiere produites par le modulateur méca- 
nique de lumiere. 


Durées des temps étudiés: de 10-7 a 
10-1 sec. 

@ Etudes des processus de relaxation plus 
lents de la luminescence et de la photo- 
conductibilité, excités par les impulsions 
apériodiques rectangulaires de la lumieére, 
produites par le modulateur électrodyna- 
mique de lumiere. 

Durée des temps étudiés: de 10-3 a 
20 sec. Ce genre d’études est surtout utile 
pour la démonstration et |’examen d’un 
nouveau phénomene de |’autostimulation. 

@ Etudes des processus rapides exponen- 
tiels de la luminescence et de !a photo- 
conductibilité, excités par la source lumi- 
neuse d'impulsion. Une tres grande intensite 
de l’excitation permet d’étudier les phéno- 
menes faibles. 


Durées des temps étudies: de 5°10-8 — 
10-6 sec. 

@ Etudes de la photoconductibilité et du 
signe des porteurs par méthode de condensa- 
teur en régimes périodiques et d'impulsion. 


L’appareil représente un ensemble des 
dispositifs optiques, mécaniques et électro- 
niques, grace auxquels l'appareil devient 
tout un laboratoire compact pour les études 
de la cinétique de la photoluminescence 
et de la photoconductibilite. 

Encombrement — 3200°~ 1500 ~ 1300 mm. 

Poids — 500 kg. 


SECTION DE V'URSS A L’EXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 








Pour les conditions des livraisons adressez-vous: 


«STANKOIMPORT», Moskva, G-200, Smolenskaja- 
Sennaja-ploshchad, 32/34. 
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ULTRA-TAUMETER ‘ 


Das Gerat ist fur Ertorschung der Reld fig 
der Photo-Leitfahigkeit, die innerhalb einer ON von 5°10-8 bis zu 
20 Sekunden verlaufen. ane 

Das Gerdt zeichnet sich durch groBe Vielseit gk 
die Durchflihrung folgender Arbeiten: to 





@ Dos Studium von schnellen Exponential. und Nicht- 
exponential-Prozessen der Ab- “Un Anklingung der 
Lumineszenz und der Photoleitfahigkt it, die durch perio- 
dische von einem mechanischen Licht dulator erzeugte, 


rechteckige Lichtimpulse erregt werdel 






prs 





{em Die zu untersuchenden Zeiten patrdgen von 10-7 bis 
Sang e zu 10-1 Sekunden, ti 
Nigga fame x Das Studium von langsameren ok ee Prozessen 
“der Luminészenz_ und der Photo-Leiifahigkeit, die durch 
apériodische. yon: ejnem-. elektrodynami chen Lichtmodu- 


lator erzéugte: rechteckige Lichtimpulse” érregt werden. 


Die zu untersucheénden: Zeiten betragen von 10-3 bis 
zu 20 Sekunden, (Dieses mi isien bees ist besonders 
geeignet fiir die Vorfihrung und das Studium der neuen 
Erscheinung des ,,autostimulation |) 


@ Das Studium von raschen Exponential-Prozessen der 
Lumineszenz und der Photo-Leitfahigkeit, die von einer 
Impuls-Lichtquelle erregt werden. Die erhebliche Inten- 
sitat der Erregung ermdglicht das Studium von schwachen 
Erscheinungen. Die zu untersuchenden Zeiten: 5:10-8 — 
10-6 Sekunden. 


@ Das Studium der Photo-Leitfahigkeit und der Trager- 
Vorzeichen nach der Kondensator-Methode bei perio- 
dischen und einmaligen Regimen. 








Das Gerdt stellt eine Kombination von optischen, 
mechanischen und elektronischen Einheiten dar, die es 
zu einem kompakten Laboratorium fiir das Studium der 
Photo-Lumineszenz- und der Photo-Leitfahigkeit-Kinetik 
macht. 


AuBere Abmessungen des Gerates: 3200x1500x1300mm 
Gewicht: 500 kg 





Alle Lieferungsanfragen sind an ,STANKOIMPORT”, 
Moskva, G-200, Smolenskaja-Sennaja Ploschad, 32:34, 


zu richten. 





ABTEILUNG DER UdSSR AUF DER ALLGEMEINEN WELTAUSSTELLUNG IN BRUSSEL 1958 
Buewmropruajyam Saras N 6331-2 
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RESEAUX 


Les réseaux de diffraction peuvent étre utilisés dans les différents appareils spectraux destinés a l'analyse spec- 
trale industrielle et aux recherches scientifiques. 
En Union Soviétique ‘on fabrique tous les principaux types de réseaux de diffraction utilisés en spectroscopie. 


CARACTERISTIQUES ESSENTIELLES DES RESEAUX DE DIFFRACTION 





. F ’ Rayon Nombre | Dimensions 
Dimension ss de la surface 
sae de la de traits portsnt des 
u réseau . 
» | courbure, per traits, 
mm mm mm ‘ mm 


Région 


spectrale 


m ft 


Réseaux de diffraction plans sur les couches 


d’aluminium 


30 8010 = 4200 
600 30x 380 


40% 4010 = 41200 
600 40> 40 


@B 9015 = 1200 
600° 60x 50 
@ 12015 ee 1200 
600 
300 
200 80x 70 


@ 15020 - 1200 100% 90 


15011020 = 300 
200 100100 


150 7520 cs 1200 
609 120% 60 


@ 17020 — 1200 
, 600 
300 
200 120110 
17017025 = 1200 
600 
300 
200 150140 

















200-1000 


200-1000 


200-1000 


200-4500 
200-4500 


600-4500 


200-1000 


200-4500° 


200-4500 











: E Rayon Nombre pumculey ne 
ot dela de tisits dele Région 
du réseau, | courbure, per P ‘rails, spectrale 

mm mm mm mm me 
Réseaux de diffraction 
concaves sur les couches d’aluminium 
@ 90X15 | 1000 1200 
60D 60 50 200-1000 
@ 12015 4995 1200 
600 80 60 200~1000 
@ 15020 | 2992 1200 
600 100% 60 200-1000 
@ 17020 | 6020 1200 
: 600 145x 70 200-1000 
Réseaux de diffraction concaves sur le verre 
@ 90x15 1090 1200 : 
600 0X 50 Régions des 
20% 35x10 1000 1200 rayons X et 
609 18% 82 ultra violet 
30X 4015 | 1995 4200 a vide 
600 28% 35 





Echelettes sur les plaques métalliques 


22022035 
27027040 


320: 2040 


= 109, 50, 
24, 12, 
6, 4, 2 200200 


_ 50, 24, 
12, 6, 
4, 2 250250 


_ 12, 6, 
4, 2 300300 


2,59-600 u 





5-600 u 


20-600 





Dans les ordres bas du spectre les réseaux de diffraction donnent les raies spectrales pratiquement parfaites 
et possédent un pouvoir séparateur proche a la valeur théorique. Le pouvoir sépatateur des meilleurs réseaux 


dépasse 400 000. 


Les réseaux de diffraction 4 600 traits per mm ont une intensité relative des « fantomes » de Rowland dans le 
ler ordre de 0,01 a 0,2°/. Les « fantsmes » de Lyman ne sont pas observés. 


Les réseaux plans et concaves sur les couches d’aluminium et les échelettes sont capables de concentrer de 
40°/o a 80°/y de la lumiére réfléchie dans l’ordre du spectre donné. 


L’angle d’inclinaison des gradins du réseau, qui détermine Ja position de la concentration maximum, varie 


dans les limites de 5° a 60°. 


SECTION DE L’URSS A VEXPOSITION UNIVERSELLE ET INTERNATIONALE DE BRUXELLES 1958 


DE DIFFRACTION 


G-200, Smolenskaja-Sennaja ploshchad, 32/34. 
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The diffraction gratings are used in various spectral instruments designed for industrial spectral analysis as 


- well as for scientific purposes. 


The Soviet Union manufactures all of the main types of diffraction gratings. 


BRIEF CHARACTERISTICS OF THE GRATINGS 








D; p Cur- Number | Dimensions Spectral Di . Cur- Number | Dimensions Spectral 
upensrens vature of lines of grated region of meee vature’} of lines of grated region of 
of gratings, radius, per surface, application, of gratings, radius, per . surface, application, 
mm mm mm mm mt mm mam mm mm me 





I. Plane gratings on aluminium layers Il. Concave gratings on aluminium layers 











30X 30X10 | — 1200 @ 9015 | 1000 4200 
600 30> 30 | 200—1000 600 GO Pe? | ee = 100 
= 12015 | 1995 1200 hace 
ae aN sate on 600 80x 60 | 200--1000 
600 40 40 "| 200-1000 
@ 15020 | 2992 1200 
@ 90X15 = 1209 600 100600 | 200—1000 
600 60x 50 | 200—1000 
@ 17020 | 6020 4200 
@D 12015 is 1200 600 145x 70 | 200-1000 
600 ‘ 
300 Il. Concave gratings on glass 
200 80x 70 | 200—4500 @ 15 | 1000 1200 ; 
@ 50x20}  — 1200 100% 90 | 200 - 4509 €00 60X 50 | x-ray and 
20% 85X10 | 1000 1200 vacuum 
15011020 = 300 600 18% 82 | ultra-violet 
200 100X100 | 600--4500 : 
ns 30x 4015 | 1995 4200 Tegions 
150% 7520 im 1200 600 28% 35 
600 120% 60 | 200-1000 ; 
IV. Echelettes on metal specimens 
@ 17020 = 1200 
800 22022035 = 100, 50, 
sie 64,2 | 209200 | 25-600 p 
200 120110 | 200—4500 
oa 27027040 a 50, 24, 
17017025 = 1200 12; 6, 
600 4, 2 250250 5—600 1 
800 82032040 —_ 12, 6, 
200 150140 | 200--4500 4. 2 300300 | 20-600 « 














In low orders of spectrum the gratings present practically perfect spectral lines and have their resolving power 
approaching the theoretical value. The resolving power of best gratings exceeds 400000. 


i 


With the gratings having 600 lines per mm, the relative intensity of Rowland’s “ghosts” in the first order lies 


in the range of 0.01 to 0.2%. No Lyman’s “ghosts” are observed. 

Plane and concave gratings on aluminium layers and echelettes are capable of concentrating from 40 % to 
80 % of reflected light (of a definite spectral interval) in a given spectrum order. The inclination angle of grating 
stages determining the position of the concentration maximum changes within a range of 5° to 60°. 






DIFFRACTION 
GRATINGS | 


For delivery terms apply to “STAN KOIM POR T”, Moskva, 


USSR SECTION: BRUSSELS UNIVERSAL AND INTERNATIONAL EXHIBITION 1958 
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BEUGUNGSGITTER 


Die Beugungsgitter werden in den verschiedensten Spektralgeraten angewandt, die so fiir die industrielle 
Spektralanalyse, wie fur wissenschaftliche Zwecke bestimmt sind. 

In der Sowjetunion werden alle bekannten Typen der Beugungsgitter hergestellt. 

Die Hauptdaten der wichtigsten Typen der Gitter lauten wie folgt: 





ie Gréfe der oe ao GroBe der | socktral-An- 
GraBe des | St" | strichzahl | mit Strichen |SP&RNAPAD” rage des | BTO™ | Strichzabl | mit Strichen | Po jungs, 
: TREES bedeckten weneunes: . a ee bedeckten : B 
Gitters, | sadius, Pro Fliche, Gebiet Gitters, radius, pre Fliche, Gebiet 
mm mm mm mm m mm mm mm mm m 
Flache Gitter auf Aluminiumschichten Konkave Gitter auf Aluminiumschichten 
30% 30X10 = 4200 @ 90X15 | 1000 4200 
600 30 30 | 200—1000 600 80X 50 | 200—1000 
= @ 12015 | 1995 1200 
KY — 600 80x 60 | 200—1000 
600 40x 40 200—1000 
15020 2992 1200 
Q 90X10 = 1200 ere 600 100 60 | 200—1000 
600 60% 50 200 —1000 
@ 17020 6020 1200 
@ 12015 — 1200 600 145 70 200—-1600 
600 
300 Konkave Gitter auf Glas 
@ 150x20 | — 1200 | 100 90 | 200—4500 600 60X 50 eee u. 
20% 35X10 | 1000 4200 abs 
150 11020 — 300 600 is 32 ultra- 
200 100100 | 600—4500 violett- 
30x 4015 | 1995 1200 
Gebiet 
150% 7520 = 1200 600 28% 35 
600 120% 60 200— 1000 43 
Escheletten auf Metallrohsticken 
@ 17020 — 1200 
600 22022035 | — | 100,50, 
24, 12, 
300 6, 4, 2 200200 | 2,5—600 # 
200 120110 200-4500 
27027040 — 50, 24, 
17017025 es 1200 12, 6, 
600 4, 2 200250) 5—600 
300 32032040 = 12, 6, 
200 150140 200—4500 4, 2 300>300 20—600 pu 








Bei niedrigen Spektral-Ordnungen ergeben die Gitter praktisch vollkommene Spektrallinien und besitzen 
dabei ein Auflésungsvermégen, das nahe an dem theoretischen Wert liegt. Das Aufl6sungsvermdgen der besten 
Gitter ubersteigt 400000. 


Bei den Gittern, die 600 Striche auf 1mm aufweisen, betragt die relative Intensitat der Rowland’s ,,Geister'' 
in der ersten Ordnung 0,01 bis 0,2°/o. Lyman’s ,,Geister’ werden nicht beobachtet. 


Flache und konkave Gitter auf Aluminiumschichten besitzen die Fahigkeit, von 40° bis zu 80°/) des 
reflektierten Lichtes (bestimmten Spektralbereich) in der gegebenen Ordnung des Spektrums zu konzentrieren. ! 


Der Beugungswinkel der Stufen des Gitters, der die Lage des Konzentrations-Maximums bestimmt, andert sich 
im Bereich von 5° bis 60°, 


Alle Lieferungsanfragen sind an 
»STANKOIMPORT" Moskva, G-200, Smolenskaja- 
Sennaja Ploschad, 32/34 zu richten. 


POE 
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THE PEACEFUL USES 
OF 


ATOMIC | 
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ATOM SERVES THE PEOPLE 


The inexhaustible resources of latent energy 
existing within the atom have for the first time 


been made to serve mankind. 


Atomic energy opened up entirely new pos- 
sibilities in the field of engineering and econo- 
mics resulting in a growing power of man over 
nature. The emmergence of this new power 
source has immeasurably increased the avail- 
able power reserves. Nuclear radiations and 
radioactive isotopes have become a powerful 
means for developing research in every branch 
of science and engineering and a practical tool 
in biology, medicine, agriculture, and in- 
dustrial production. 

At present there is hardly a single person 
on the earth who would deny the intimate re- 
lationship between the further progress of 
mankind and the improvement of our know- 
ledge of the atomic nucleus, the peaceful appli- 
cations of atomic energy. Unfortunately, there 
are still some people, who see the main object 
of atomic engineering in accumulating ever 
increasing stock piles of atomic weapons. In 
the Soviet Union the achievements of nuclear 


physics and engineering have been made to 


serve the people. There is hardly a branch of 
national economies that does not use to some 
extent or other new materials and methods 


brought into existence by the atomic age. 


In the USSR National Pavilion you 
will be able to see how nuclear engineering is 
penetrating into the power industry and me- 
chanical engineering, technology and transport, 
medicine and agriculture. The exhibits on show 
demonstrate the achievements of the USSR 


in peaceful uses of atomic energy. 


You will see a model of the world’s most 
powerful 10 Bev accelerator, and the world’s 
first atomic ice-breaker ‘‘Lenin’’ launched re- 


cently. 


Here you will see how Soviet engineers are 
solving the problem of building the most reli- 
able and economic atomic power station, and 
will learn what means are employed in the 
USSR to protect personnel handling radio- 


active materials. 


The following pages will familiarize you 
very briefly with the main trends in the peace- 


ful uses of atomic energy in the USSR. 


— See mesh So en ree 
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Control room of the 10 Bev proton synchrotron 
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Ring-shaped electromagnet of the world’s largest charged-particle accellerator, the 


10 Bev proton synchrotron 


ACCELERATORS 


To investigate the structure of atomic nu- 
clei, to master the laws governing nuclear for- 
ces and to find new paths toward the utiliza- 
tion of all power resources of atomic nuclei, 
huge experimental apparatus called charged 
particle accelerators are built. The world’s 
largest particle accelerator operates at the 
Joint Nuclear Research Institute in the town 
of Dubna near Moscow. This gigantic atomic ma- 
chine provides acceleration of protons with 
energies of up to 10 billion electron volts. The 
accelerator is of the proton synchrotron type. 
Its annular electromagnet is about 60 m in 
diameter and weighs about 36,000 t. 

The vacuum maintained in the vacuum 


chamber located between the poles of the an- 


CIA-RDP80T00246A045100330001-4 


nular electromagnet is equal to that attained 
in the best electronic devices. For this purpose 
56 powerful high-vacuum pumps are installed 
along the chamber. For periodic acceleration 
of protons moving inside the chamber and for 
bringing their velocity close to that of light, 
the proton synchrotron uses a special system 
of high-frequency power source to supply the 
accelerating electrodes. Beams of accelerated 
protons and other particles obtained in the 
accelerator (neutrons, mesons, hyperons, and 
antiparticles) are widely employed for various 
nuclear experiments. Their results will enrich 
us with further knowledge which will help us 
in learning the laws of nature. The Joint Nu- 


clear Research Institute has one more large 


) 





a a a ea 

















The world’s largest 680 Mev synchrocyclotron 


accelerator, a synchrocyclotron, for accelera- 
tion of protons with energies of up to 680 Mev. 
It also ranks among the world’s best accele- 


rators of its type now in operation. 


Models of these gigantic atomic machines 


are on show at the Exhibition. 


Exhibited in the Pavilion is also a scheme 


of a 50 Bev strong-focusing accelerator. 


The powerful accelerators mentioned above 
have been handed over to the Joint Nuclear 
Research Institute, where scientists of many 
countries work on an equal footing with Soviet 
scientists. The doors of this Institute are wide 


open for all. 


You will see here many exhibits reflecting 


the life of this Institute. 
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The building of the world’s first commercial atomic power 
station in operation since June 27, 1954 
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NUCLEAR 


After the world’s first atomic power station 
was commissioned in the USSR on June 27. 
1954, the attention of al] mankind turned with 


a new vigour to the problems of nuclear power. 


Use of nuclear energy for obtaining electri- 
city will result in improved well-being and 


living standards of all nations of the world. 


Development of nuclear power is of part- 
icular significance for the globe’s areas poor in 
natural fuel. Construction of atomic power sta- 
tion in such areas will help to develop in- 
dustries, irrigate arable land, increase the 
crops, raise the productivity of animal hus- 
bandry, improve the living and working 


conditions of the population. 


The Soviet Union possesses huge reserves 
of natural fuel and hydropower, but the USSR 


also has areas remote from natural fuel re- 
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POWER 


sources, where it is rational to construct atomic 


power stations right now. 


In connection with this an extensive pro- 
gramme of building experimental atomic power 
stations has been undertaken in the Soviet 
Union. The total installed capacity of these 
stations is to reach 2—2.5 million kilowatts 


within the next few years. 


Construction is already underway of a 
nuclear power giant, a commercial 420,000 kw 
atomic power station with nuclear reactors us- 


ing ordinary water as a coolant and moderator, 


It will use natural and slightly enriched 
uranium (contraining an approximately double 
percentage of uranium-235 compared with 


natural uranium) as nuclear fuel. 


Two circuits will be employed for cooling 


like at the world’s first atomic power station. 
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The model of the experimental atomic power station with a capacity of 420,000 ki- 
lowatts now under construction 


When passing the core the water of the primary 
circuit will be heated to 275° C (at a pressure 
of 100 atmospheres in the system). The water 
will then be pumped through the pipes to 
special water-heating units, steam generators 
where the heat from the reactor is transferred 
to the secondary circuit for steam production. 
Each of the latter will provide 230 tons of 
steam per hour at a pressure of 32 atmospheres. 
The steam will he delivered from the secondary 
circuit to steam turbines which actuate the 
power generators. All working processes at the 
large atomic power station will be remotely 
controlled. Special care will be taken to safe- 


guard the health of the operating personnel. 


The cost of electric power supplied by the 
station will be the same as from a coal power 


station of equal capacity. 


8 


But will this he the best type of station 
economically? The answer can be obtained 
only by comparing several different reactor 
types. To do so, these should be built and suf- 
ficient operating experience accumulated, 

Apart from the foregoing, the Soviet large- 
scale industrial experiment programme for 
atomic power stations includes the following 
power stations and reactors: 

-An atomic power station with a heavy- 
water-moderated reactor using carbon dioxide 
as a coolant. 

—An atomic power station with a graphite- 
moderated and water-cooled reactor which will 
in many respects resemble the world’s first 


atomic power station operated since 1954. 


~A graphite-moderated reactor using molten 


sodium as a coolant. 
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The model of the experimental 
fast-neutron power reactor 


The model of a section (with a capacity of 210,000 kilowatts) of the 
experimental atomic power station with a total capacity of 420,000 kilowatts 
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~A fast breeder reactor (with liquid sodium The atomic-powered ice-breaker “Lenin” 
as a coolant) where fertile materials (uranium- 
238 and thorium), which cannot be called fuel 
in the nuclear sense of the word, will produce 
new fissionable materials (plutonium, uranium- 
233) in larger quantities than the original ma- 
terial used (uranium-235, plutonium, or ura-+ 


nium-233), 


~A thermal thorium-breeder reactor with 


fuel suspension in heavy water, and, finally. 


-A direet-cycle boiling water reactor which 
will be able to operate without an intermediate 
steam-generator. The steam from the reactor 


will be supplied directly to the turbogenerator. 


Flow diagrams and models of these atomic 


power stations and reactors are shown at the 
Exhibition. 


The model of the experimental atomic power station (graphite-moderated reactor ) 
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ATOMIC ICE-BREAKER 


The wide prospect of using nuclear power 


for water, land, and air transport are obvious. 


An atomic-powered ice-breaker ‘‘Lenin” 
has been launched in the Soviet Union. The 
capacity of her main engines reaches 44,000 h.p., 
the displacement being 16,000 tons. A model 
of the ice-breaker is on view at the Exhibi- 


tion. 


The light weight of nuclear fuel with no 
need to replenish supplies for a long time will 
allow a considerably longer sailing at sea, without 


calling at ports. The spare room in the ice- 


CIA-RDP80T00246A045100330001-4 


breaker due to the reduced fuel weight has been 
used for creating comfortable living and work- 
ing conditions aboard for prolonged sailing in 


polar regions. 


Atomic power plants are especially advan- 
tageous for longvoyage ships, whalers and vess- 
els carrying bulk cargoes over long distances 


such as tankers. 


The “Lenin” will pave the way for hun- 
dreds of new atomic-powered ships which are 
certain to appear on the seas and oceans in 


the near future, 
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RADIOACTIVE 
AND STABLE ISOTOPES 


Use of new atomic power sources of tremen- 
dous energies is of great significance for the 
national economics as is shown in the respec- 


tive sections of the Exhibition. 


However, a part of no lesser. importance is 
played by radioactive and stable isotopes ob- 
tained in nuclear reactors, accelerators, and 


special separation plants. 


Isotopes are various forms of the same 
chemical element differing in their atomic 
weights and physical properties, but chemically 
identical. Almost every chemical element has 


a number of isotopes. 


At present about 1000 artificial radioactive 
isotopes emitting alpha, beta and gamma rays, 
and about 300 stable (i.e.non-emitting) isotopes 
of all elements of Mendeleyev’s periodic system 
are known. Production of artificial radioactive 


isotopes has now developed into a new industry, 


Study of processes in a leaf by means of tracer 
atoms in natural conditions 











Study of distribution of phosphorus in leaves of plants by the tracer atom method 


while their application has become so wide and 
diverse that nowadays one can hardly name a 
branch where they are not or cannot be used. 

Thus. for instance, when used by doctors, 
radiations of radioactive isotopes are instru- 
mental in diagnosing and curing diseases. When 
used by scientists, physiologists and biologists, 
they are helpful in penetrating into the deepest 
secrets of photosynthesis processes in plants 
and metabolism in animals. Biologists have 
succeeded in breeding new varieties of micro- 
organisms producing large quantities of most 
valuable antibiotics (penecillin, biomycin, etc.). 
Conversely, other doses of the same radiations 
kill microorganisms when this is required for 
sterilization of tools, vessels, bandaging ma- 
terials, food (detrichinization of pork, disin- 
fectation of grain, and sterilization of canned 


food). ete. Gamma radiation of radioactive co- 
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balt is used for killing silkworm cocoons, while 
irradiation of potatoes and other vegetables 
checks their germination in the case of pro- 
longed storage. 

When used by agronomists, radioactive 
isotopes make for expedient, highly effective 
use of fertilizers, and ensure an increased 
amount of green mass of fodder grass, etc. 

The Exhibition displays some of the works, 
their results. and the equipment required. 

Chromosomes of cells are known to convey 
hereditary properties to the future organism. 
Under ionizing radiation a number of chemical 
and structural changes take place in chromo- 
somes, these changes often resulting in such 
changes of the embryo which either mutilate or 
kill it. These changes which are heritable are 
called mutations. But many newly arising mu- 


tations imply a number of useful properties. 
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(ee ; . a Organisms with such useful properties are se- 
lected by breeders and generate new forms of 
organisms. 
care Photosynthesis (carbon nutrition of plants) 
+s one of the most complex biological processes. 


The tracer method has made and is making an 





: ‘inestimable contribution to its investigation. 





With the aid of this method many most im- 
portant details of the successive stages of pho- | 


tosynthetic carbon transformations have been 
clarified. 


. 
It has been found that various products are ee | 
formed in the course of photosynthesis. whose 
quantity varies with environment, plant type, ' 


and physiological condition of plants. 


Thus, in the case of intensive nitrogen 
nutrition, with short-wave rays of the spect- 
rum prevailing, the carbon of fast-growing 


plants assimilated during the course of photo- 


Gamma fla w detection in metallic articles in a works yard. The arrow indicates the radiation source 


synthesis, is increasingly converted to organic 


acids, amino acids, and proteins. Long-wave Gamma testing of the quality of welding. A gamma radiograph of a welding seam is shown on the left 


radiation makes for accumulation of carbons . 











and reduces synthesis of proteins and organic 


acids. 


It has been possible to show by means of 





carbon-14 that the movement of photosynthe- 
sis products is intensified in the case of nitrogen 
fertilization and watering, which creates better - 
conditions for supply of assimilators to grow- 
ing leaves and their accumulation in seed, fruit, , 


and root crops. 


* 


By using P22, a radioactive isoto e of phos- 
y g P Pp 





gee 


phorus, the most rational methods of intro- 
ducing phosphoric fertilizers into various crops 
were devised, and practical recommendations 
‘given to agriculturists. , | 
In the sphere of industrial production the 
application of radioactive isotopes is likewise 


exceptionally diverse. This diversity is so great | 





Gamma flaw detection in a steel casting in a shop 
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| : Equipment for radioactive marking 
of steel 





Contactless measurement of © 
weight of cloth in industry 
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Radioactive isotopes enable easy und 
reliable removal of statical electri- 
city charges when making ribbons or 
yarn, which speeds up the process of 
production 


~~ 


ou 


that it cannot possibly be fully reflected at an 


exhibition. 


You can see, for instance, how with the aid 
of these isotopes the control of the pig-iron and 
steel production process can be made simpler 


and cheaper, how velocities of gas flows in blast 








and welds permits detection of internal cracks, 
cavitations, and other defects. Wide applica- 
tion of gamma radiography has a great econo- 


mic effect. 


Use of radioactive isotopes makes marking 


of steel rolled stock easy and reliable. 


Continuous testing of thickness of rolled steel band in industry 


furnaces and hearth-bottom wear can be view- 
ed, how changes can be traced in the structure 
of alloys depending on methods of casting, and 
distribution of alloy components and quality 


of welding checked, etc. 

Isotopes enable the extent of wear of cutt- 
ing tools or machine parts to be judged di- 
rectly while in operation, without stopping or 
dismantling them. 


Gamma radiography of metallic castings 





Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


All these possibilities have given rise to the 
production of a large number of various instru- 


ments now on view at the Exhibition. 


Even this cursory review is sufficient to 
enable one to say, without running the risk of 
exaggeration, that in modern human society 
radioactive isotopes are becoming part of man’s 
life, of production processes and of scientific 
research as rapidly and firmly as radio and 


television. 
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PRODUCTION OF RADIOACTIVE AND STABLE ISOTOPES 


The ways of obtaining artificial radio- 
active isotopes are diverse. The most flexible 
and multi-purpose equipment for obtaining 
radioactive isotopes in greater quantities is 
a cyclotron. However, its low efficiency and 
complicated technological operations render 
it inferior to the nuclear reactor. To obtain 
radioactive isotopes, chemical compounds of 
various elements are enclosed in special 
cans and loaded into a reactor, where they 
are exposed to intensive bombardment with 
thermal or fast neutrons. This method is effi- 
cient and. relatively cheap, its disadvantage 
being that it does not permit to produce all 
isotopes. The most common reaction is the 
capture of a neutron by a bombarded nucleus 
which is attended with emission of a gamma 

X quantum, and results in the formation of a 
radioactive isotope of the same element. After 
decay it is transformed into a longer-lived iso- 
tope of another element, which can further be 
used. Bombardment of tellurium oxide with 
thermal neutrons may serve as an example. 
The isotope tellurium-131 thus produced which 
has a half-life of 24.8 minutes desintegrates 
into iodine-131 which has a half-life of 8 days. 


Another reaction widely used for radio- 
active isotope production is where a nucleus 
captures a thermal neutron and emits a proton. 
Thus an isotope of another element is formed 
with an atomie number a unity less than the 
original one. as in the formation of carbon-14 


from nitrogen. 


Reactions on fast neutrons are of the same 
type: they are used, for instance, for produc- 
tion of phosphorus-32 with great specific 


activity from sulphur. 
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Some isotopes are produced as a result of 
the reaction of a nucleus with a neutron when 
an alpha particle is emitted, as in the formation 


of phosphorus-32 from chlorine-35. 


Of very great importance for radioisotope 
production is also use of fission products of 
the nuclei of some heavy elements. The most 
important isotopes thus obtained are cesium- 


137 and strontium-90. 


No less important and promising is also 
production of unseparated fission products as 
powerful radiation sources. Irradiated chemi- 
cals are transformed into various compounds 
depending on their future use in special 
radio-chemical laboratories. In a number of 
cases it is necessary to use radiations of 
a radioisotope without introducing it into the 
composition of the material or organism to be 
tested. To do so, a wide variety of so-called ra- 
diation sources are produced in the Soviet 
Union, including sources of cobalt-60, iridium- 
192, thulium-170, cesium-137, strontium-90, 
ete. Geometrical dimensions and activities of 
the sources vary over a rather wide range. At 
present over 250 kinds of compounds among 
which there are many complex organic ones 
and over 100 radiation sources of various kinds 


are produced. 


To obtain compounds enriched in stable 
isotopes, a number of physico-chemical se- 
paration methods are used: diffusion and 
thermodiffusion separation, ordinary-and low- 
temperature rectification, electrolysis, electro- 
magnetic separation, ete. The complex and 
perfect separation equipment available has 
enabled a wide variety of isotopes to be pro- 


duced in considerable quantities. 











Radon therapy clinie in Pyatigorsk 


APPLICATION OF RADIOACTIVE ISOTOPES IN MEDICINE 


Radioactive isotopes are used in medical 
institutions of the Soviet Union for treatment 
of various diseases. The isotopes which have 
found the widest application are cobalt-60, 
phosphorus-32, iodine-131, gold-198, sodium- 


24, strontium-90 and cesium-137, 


The basic principle of the Soviet health 
service, i.e. free medical aid for all, and centra- 
lized supply with radioactive isotopes of a large 
network of medical institutions, have enabled 
clinical observations of a large number of cases 


to be made in a comparatively short period. 


Introduction of radioactive substances for 
treatment may be effected in several ways (for 
example, through the skin, the alimentary 


tract, respiration organs, blood) whose selection 
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depends on the nature of the disease and the 


kind of radiation employed. 


Radioactive cobalt has been used in the 
Soviet Union for treatment of a large number 
of cases of malignant tumours of mucous mouth 
cavity, tonsils, the upper jaw and the nasal 
cavity, larynx, gullet, lungs, mammary gland, 
and also of metastases into lymphatic nodes and 
bones, satisfactory immediate and: long-term 


results being obtained. 


For treatment of skin and lip cancer, and 


of other forms of neoplasmas, radium, meso- 


thorium und cobalt applicators are used, while 
for treatment of surface processes, both tu- 
mourous and inflammatory (capillary skin 


angiomata, eczemas, neurodermatites, etc.), 


19 


















































Sanitized Copy A 








LD 2 Ld, 02 cnn lata ARUN LEE ee ne 





pproved for Release 2010/06/16 : CIA-RDP80T00246A045 10033000 1-4. en 


Treatment by means of radioactive cobalt (a type , radioactive phosphorus (soluble sodium salt) is 
“TV T-C 0-400" set) 


employed. For treatment of tumours use is 
also made of the intra-tissue method of ra- 
diumtherapy effected by means of radioactive 
preparations of cobalt-60, radium, and tho- 


rium, in platinum needle-shaped filters intro- 


duced to different depths into the tumour 


tissue, 


The intracavitary method of radium- 
therapy is used for treatment of cancer of the 
. internal organs. Of late internal irradiation 


methods have been used for treatment of va- 





rious diseases, the radioactive substance being 


introduced into the body. 


: Apart from application for medical treat- 
ment, radioactive isotopes find wide use in 
; diagnosing various diseases. 

Radioactive iodine is used for determina- 
tion of the functional state of the thyroid gland 
in the case of its diseases as well as for location 
of the brain tumours. Radioactive sodium is 


. ; ' used for determination of blood flow rate and 
Gamma irradiation of’ the thyroid gland by means of j ~~ . 
a type “I'VT-Co-400" set permeability of vessels, which also enables the 








state of the cardiovascular system to be tested. 
Concentration of various isotopes in tissues and 


organs is determined with the aid of special 


radiometers. 








3 
3 
z 
=. 
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Clinical radiometer used for determination of blood cir- 
culation velocity by means of tracer atoms and deter- 
mination of the outlines of radioactive substances de- 
; posited in the body 
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Work with a type “I11'P” radiometer in field 


22 


A type “ITf'P” field radiometer 


ATOMIC RAW MATERIALS 


The principal atomic raw materials are ~ 


uranium and thorium. 


Natural uranium compounds vary in ap- 
péarance and size of crystals. The Soviet Union 
has a large number of uranium and thorium 
deposits differing in ores and minerals. Some 
interesting samples of uranium minerals and 
commercial ores are represented at the Ex- 
hibition. 

For prospecting. exploration, and mining 
of uranium deposits radiometric equipment is 
widely used, by means of which radiation of 


radioactive elements in ores and minerals is 


detected. 
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Also of interest are airborne instruments 


for complex aerial geophysical survey, per- 


mitting simultaneous automatic recording of 


gamma-radiation intensity in the troposphere. 
the magnetic field of the earth's surface, and 
the altitude of the aircraft. as well as instru- 
ments for gamma-survey from a moving 


vehicle. 


Several types of instruments are made in. 


the Soviet Union for land prospecting by 
gamma and beta-gamma radiation and radium 
emanation (radon): field gamma radiometers. 
field scintillation gamma radiometers, multi- 
purpose radiometers, different kinds of port- 


able radiometers. 


Some of the radiometers mentioned above 
are used for measurement of radioactivity in 
mine workings. for outlining ore bodies, and 


for evaluation of uranium content in ores. 


Work with a prospecting radiometer 


Prospecting radiometer with a scintillation counter 
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Radiometric equipment is also widely used 
for analysis of uranium ores in laboratory con- 
ditions. Represented at the Exhibition is si- 
milar analytical equipment for luminescence 
analysis based on the ability of some uranium 


minerals and compounds to emit light (lumi- 
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nescence) by giving off ultra-violet and blue 
rays, which is widely used for prospecting, 
exploration, and mining of uranium ores. 
The method of radioactive logging has found 
wide application in geological investigations. 


This method is used not only for exploration of 


Basie diagram of use of radioactive 
logging and type “ PAPK” logging 
equipment. 
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Gamma survey of country from a helicopter 


uranium deposits, but also for determination 
of oil and water-bearing strata, positioning of 
coal seams, and for solution of a number of 


other problems of well drilling. 


For non-radioactive rocks neutron gamma 
logging is used (during well drilling the rock is 
irradiated with fast neutrons and a record is 
made of the gamma radiation excited as a 
result of capture of thermal neutrons by the 
rock, the characteristics of the radiation being 


dependent upon rock composition). 


The Exhibition shows specimens of geo- 
physical instruments for uranium ore explora- 
tion and radioactive logging instruments sup- 
plied by the Soviet Union to many countries of 
the world. . 
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Operation by means of a remote-controlled 
manipulator in a ‘‘hot”’ cell 
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SAFETY 


Wide application in our peaceful life of 
atomic energy in its various manifestations re- 
quires that special care be taken to protect the 
health of people dealing with radioactive ma- 


terials and radiations. 


To prevent harmful effects of radioactive 
materials on personnel, it is highly important 
to avoid excessive radiations and radioactivity 
concentrations in the given medium. The great 
amount of experimental work carried out has 
made it possible to determine maximum per- 
missible external radiation doses, air and wa- 
ter radioactivity standards and permissible 
contamination of surfaces, equipment, work- 


ing clothes and hands. 


In addition a series of protective measures 


have been developed for work with isotopes. 


a charger 


Set of pocket dose meters with 





These measures ensure protection from ex- 
ternal penetrating radiation, and prevent 
radioactive substances from getting inside the 
body and on the skin of personnel. They 
include special layouts and finishing of working 


space and use of special equipment and tools. 


When handling highly radioactive ma- 
terials, so-called ‘“‘hot” cells are employed in 
which work is carried on with the aid of 
remote manipulators. The operator is separat- 
ed from the active material by a thick shielding 
wall. Manipulators, these ‘extended arms” of 
the operator, have been brought to such a 
state of technical perfection that with their 
help the operator can easily perform the 
necessary work with various, at times very 


small-sized laboratory tools. 


Great importance is attached to means of 


individual personnel protection (working clo- 
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Operation by means of a remote-controlled manipulator 
ina “hot” cell 


thes, special footwear, gloves, respirators, 
pneumatic suits, aprons, oversleeves, semi- 


robes, semi-overalls, ete.). 


To protect the respiratory organs from 
radioactive dust and gases, use is made of 
valveless anti-dust respirators and pneumatic 


hoods, respectively. 


When doing repair work under conditions 
of considerable radioactive contamination of 


the working rooms, special pneumatic suits are 


A type “WCHL” remote-controlled signal measuring 
set for checking the level of radioactivity in premises 
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Safety clothing for work in premises with Work in pneumatic safety clothes 


radioactive dust 


Check of radioactive contamination 


of hands 
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worn. clean air being supplied under slight 


pressure. 


The monitoring of the radiation level and 
immediate signalling in case the maximum 
permissible level is exceeded are effected by 
means of various stationary and mobile dosi- 
metric apparatus provided with light and 


sound signalling devices. 


Protection control is implemented with the 
aid of portable microroentgen meters. In- 
dividual control of the dose received by the 
worker is now attained by using personal. 
dosimeters which are made as condenser type 
double jonization chambers, and ‘‘fountain- 


pen” electrometers with individual counting. 
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ACHIEVEMENTS OF SOVIET SCIENCE AND ENGINEERING 
IN PEACEFUL USES OF ATOMIC ENERGY ARE AVAILABLE 
FOR ALL 








The Soviet Union persistantly advocates 
the principle that the only reasonable uses of 
atomic energy are those pursuing peaceful 


objectives. 


That is why the Soviet Union makes no 


secret of her work in this field, and, moreover, 





i carries it out on the basis of international 
cooperation of scientists of various countries. 


it She readily shares her experience and willingly 








} 

if and disinterestedly renders aid to countries 

| which turn to her for assistance. 

| \ 
| ‘ 
| ; The Joint Nuclear Research Institute (the town of Dubna, Moscow Region). i 
| The building of the world’s largest 10- Bev proton synchrotron 








The building of the 680 Mev synchro- 
cyclotron 
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The Soviet Union has supplied a number 
of states with nuclear reactors, particle ac- 
celerators, and various other equipment. ne- 
cessary for research work in the field of 


nuclear physics. 


Albania, Bulgaria, Hungary, the Demo- 
cratic Republic of Viet-Nam. the German 
Democratic Republic. China, the Korean 
People’s Democratic Republic. the Mongolian 
People’s Republic. Poland, Rumania, the 
Soviet Union and Czechoslovakia. have united 
on an equal footing and set up a Joint Nuclear 
Research Institute in the town of Dubna, 
Moscow region, for cooperation in scientific 


research. 


The Soviet Union has handed over to this 
Institute free of charge two world’s largest 
accelerators, a 680 Mev synchrocyelotron and 
a 10 Bev proton synchrotron. There can be 
no doubt that such concerted team work where 
each can use his abilities and talent for the 


common welfare, will be of great benefit. The 
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doors of this Institute are wide open for 


scientists of all countries. 


The Soviet Union is a member of the 
International Atomic Energy Agency under 
the auspices of the UNO and actively parti- 
cipates in its work. 

A large quantity of diverse preparations 
containing radioactive and stable isotopes are 
exported by the Soviet Union to other 
countries. Shipments of equipment and iso- 
topes are made without any restrictions or 


special conditions. 


The Soviet Union exchanges and publishes 
on an ever wider scale ample information in 
the sphere of peaceful uses of atomic energy. 

Finally, the Soviet Union is carrying on 
intensive science popularization work, arrang- 
ing exhibitions in many countries of the world 
which vividly display the possibilities and ad- 
vantages of the introduction of nuclear en- 
gineering into various branches of economics, 


science, engineering. and medicine. 
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® OrsnsuteabHo oco6eHHocTHIO BTOPHYHOrO § MIpH- 
pH-METP Oopa pH-merpa saBjseTca cxema BKJIOUeHHA OGONOUKH 


Ka6eA, Uyuero OT CTeKIAHHOTO |ueKTpoya K 93u1eK- 
TPOHHOMY ycHuHTenI0O. I]pumeneHue sTOw cxempl mo- 
3BpolneT B 1000 pa3 CHH3NTb Tpe6OBaHHA K H30/ ANH 
KaGeA M TEM CaMbIM YBEJIHYMTb 9KCIIYAaTalMOHHy10 
HAaf@XKHOCTh NpHoopa. 

@ YcuuautTelb pH-merpa coOpan Ha maccu ycunuTensn 
SJEKTPOHHOrO TNoTeHwHoMetTpa Tuna DIT. 

@ I[utaHve npu6opa ocymectTBAAeTcH oT ceTH Nepe- 
MeCHHOrO TOKa HallpsxxeHHem 220 6 (c KOMe6aHHeM OT 
moc 10 yo MnHyce 15%). 

@ Ilorpemsocrh H o6nacTb u3smepeHua pH onpere- 
JIH€TCH KAaveCTBOM HM XapakTePNCTHKOH HCNOAb3SYeMbIx 
CTEKJIAHHbIX 3€KTPOTOB. 
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@ B koncrpykyHa creKAHHOrO = 9neKTpoya mpel- 
YCMOTPeHO YBeAMYeCHHe HajeKHOCTH H30/AIMH Mecta 
COeCAHHEHHA 3eKTPOWa C BbICOKOUACTOTHBIM KaGeslem, 
CBASbIBAIONIMM BJIEKTPOA CO BTOPHUHbIM TIpH6opom. 
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MOCKOBCKUU OPAEHA AEHUHA 
ABUALLUOHHbIN UHCTUTYT 
UM. CEPFO OPAXKKOHUKUNASE 





-93JIEMEHTEI 
- ONERTPOABTOMATHEH 

 PACYETA CAMOJETHBIX 

9ERTPHYECKHX CHCTEM 


OBOPOHIHS 1957 
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 MHHHCTEPCTBO BECHETO OBPAZ3OBAHHA CCCP 


MOCKOBCKHH OPEHA JIEHHHA 


ABHAUHOHHHK HHCTHTYT 
uMeHH CEPFO OPJKOHHKHI3E 





_ OJIEMEHTbE sy 
SJIEKTPOABTOMATHKU 
M PACYETA CAMOJIETHbIX 
SJIEKTPHYECKUX CHCTEM 


COopuuk ctaTeA non penaxnuert 
AOKT. TEXH. HayK npodeccopa [. HW. Ama6exosa 


TPYDbI HHCTHTYTA 


Bunyer 85 


FOCY JAPCTBEHHOE 
H3ATEJIbCTBO OBOPOHHOM MPOMBILUJIEHHOCTH 


Mocxwa.1957 | | 
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C6opHHK COCTOHT H3 cTaTeli, NOCBADICHHLIX MeTOJaM pacdeTa 
S@MeHTOB 3ICKTPOABTOMATHKH (ApocceNH HaCcbIINeHHA, cTa6HvIH3a- 
TOPH, YCHIHTSIH, IICKTPOMAHATH, HSMePHTebHBIe MOCTE!), mpes.- 
Ha3HAYeHHHIX JIA MpHMGHeHHA B HaSCMHBIX H CAMOJICTHBIX YC/I0O- 
BHAX, a TaKiKe He€KOTOPHIM BOMpocam pacdeta Tpexa3HHx 31eK- 
TPHYECKHX CHCTEM Ha CaMOdeTe.. - | » h » Ge* 


a . 


‘ rr 





3an, penaxunei unm, E. B. Jlaroinun 
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IIPENHCJIOBHE 


_B Hacrosmem cOopHuke CONepKaTCa CTateak HOCBALMLCHHbIe TeopHy 
H pacueTy HeEKOTOPHIX 371EMeHTOB SCKTPOABTOM@FRSECKHX YCTPONCTB, 2 
TakKe BONPOCaM, CBASAHHHIM C IPHMeHeHHeM TpexpPasHoro ToKa Ha ca- 
MovleTax. MaTepvanomM yka3aHHBIx cTaTe ABRCE Hay4HO-Hcc1en0Ba- 
TeIbCKHe paOoTH, BLINOIHeHHHe B 1955 r. Ha Kadenpe «Teopernueckas 
aulekTpoTexHukay MAH. , 

B crate B. JI. Ilenxuna nana TeOPHA ApPoccesA. HacbMitehua c da- 
SOBbIM YIPaBJICHHEM, KOTOPbIit MOMKeT ObITh NPHMeHeH B pa3HUHbIXx 
PasouyBcTBHTeIbHEIX cxemax. H. T. KoOaxopoit n B. A. Captopu npu- 
BEACH PacueT pada CXeM CTaGHAHSaTOpPOB HanpaKenusa MepeMeHHOrO TOKa 
NOBLIUCHHOH TOUHECTH. B cratpax A. K. Tep-AKonoBa n0Ka3aHo cyie- 
CTBOBAHHE ONTHMAIbNOH HHAYKTHBHOCTH, OGecneqHBalolles MHHHMA@JIb- 
HOE BPEMA CpaOaTHBaNHR SCKTPOMAPHHTOB; aHbt KPHTHUeCKHA aHann3 
CYINCCTBYIOUINX METOROB pacyeTa AHHAMHYeCKHX XapaKkTepHCTHK 9 71eK- 
TPpOMarHHTOB HW PeKOMeHAalnH TO MPaKTHYCCKOMY HCHONb3SOBaAHHIO HX. 
Cnoco6 nepexoza or O6HIKHOBeHHOrO MocTa kK ABOHHOMY 6 3JIeKTpO- 
HSMCPUTCMbHBIX CXeMaX NaH B cTaTbe C. H. Uxonnukopa. B cratne 
B. ®. PaxmManosa onucana Kpyrospag AHarpaMMa Aja offpenenvehusa Ko- 
SPPHUHEHTOB ycHNeHHa AaMMOBbIx H NONYNPOBOAHHKOBMX ycusnTenel, 
pa6oTaiwlux Ha mHHeHHOM y4acTKe xapakTepHcTUKH IPH MOOLIX BHTAX 
Harpy3ku. | 

Pag crate mocBauen mpo6seme NpHMeHeHHA Tpexasnoro tToKa 
Ha CaMOuleTe, B TOM 4HCJIe pacueTy HeCHMMeTpHUHEIx €XXHMOB TIpH Ko- 
POTKHX 3aMbiKaHHAXx (cratba B. H. Ucrpatosa u B. B. Mutioumuod), 
mp o6pprBax a3 (cratba A. B. Kameuckoro u B-. r. Tep-3axapana), 
a TAKKE HEKOTOPbIM BONpocaM penehHO 3aUHTHI CaMOJI€THOH 91eKTpO- 
ceTu (ctatba A. B. Tumodeesa u B. I’. Tep-3axapsna) u IipHMeHeHHA 
en <A8a MPOBORa — Koplyc caMouera» (cratoa A. A. Kos- 
3aHa). 

B mpouecce pa6orn wax PYKONHCHIO YUTEHHI WeHHbIe 3aMeyaHHA, cye- 
JJaHHble NOWeHTaMu H. TI. Yaanosum, C. II. Konocosum u B. B. Anype- 
€BbIM, 34 4YTO ABTOPHT COOpHuKa HM BeCbMa NpH3HaTeNbHEN. 
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Vu. B. 17, WEJIKHH 


JA,POCCEJIb HACBIILEHHS C PASOBbIM YNPABJIEHHEM 


7[poccenu HaCbiIlleHia NOAYYHIH B HACTOALee BPpeMaA WIMpOKOe pac- 
MNpocTpaHeHHe B TeXHHKe. OHH ABAAIOTCH COCTABHOM WCTbH MarHHTHbIXx 
ycuIMTeleH, KOTOpble 4aCTO NPHMeHAIOTCH B pa3MYHOrO poma ycTpoii- 
CTBax 9JEKTPOABTOMATHKH. | | 

Y OOMbUIMHCTBa MATHHTHBIX YCHMTeNeh BXOLHOM BeNMUAHOH ABAaAeT- 
CH NOCTOAHHBIM TOK, NPOTeKalolwva NO ympaBalollei OOMOTKe yCHIHTe- 
J, a BbIXOLHOH — Ne€peMeHHHI TOK, MpOTeKalowlHh TIO COMpPOTHBeHHIO 
darpyemi? | Page | - 

PaOora TOOOHEIX ycHIMTeNeH H HX PacueT ONHCAHHI B MTepaType. 

Y HeKOTOPbIX MArHATHbIX YCHHTeNeH BXOAHOM BeHUHHOR aABAaeTCA 
nepeMeHHOe HallpAKeHHE, YaCTOTA KOTOPOTO B HECKONbKO pa3 MeHDbIIe 
YacTOTH! padouero Hanps Kenna }. ; | vr 

Co3aHbl MarHHTHbIle YCHJIHTeM, Y KOTOPbIX B Ka¥eCTBe BXOHOM Be- 
AHUHHbI HCHOb3yeTCH BbIMpAMJIeHHOe MepeMeHHoOe HallpsxKeHHe C Ya- 
CTOTOH, paBHOH uacToTe pa6overo HanpsaxeHun, U3menenne ToKa Ha- 
rpy3kH TaKOrO YCHJIHTeq MOCTHTaeTCA H3MeEHEHHEM AaMMJIHTYIbI UMIYJIb- 
COB, MOCTYMaloulHXx B YIpaBJAIOWyIo OOMOTKY. | 

B Hactosuleh paOoTe paccMaTpHBaeTcaA mpoccenb HacbIUeHHA, B 
ypaBAAollyIo OOMOTKY KOTOPOTO NOMalOTCA HMIYJIbCbI BHINPAMJeHHOrO 
CHHYCOHJabHOrO HanpsAxKeHHA C WacTOTOH, paBHOw 4acToTe pa6ouero 
HanpsxKeHun. M3meHenve TOKa Harpy3kH, MpoTeKaroulero m0 pa6oueil 
OOMOTKe ApoccesA H CONPOTHBJeHHIO HArpy3KH, RocTHraercg CABHTOM N10 
cba3e HMNYJIbCOB ypaBAAIOWeroO HaNpAKeHHA OTHOCHTeIbHO paGbovero 
HaTipAxKeHHA. | i 

PacCMOTpHM CxeMy, H300paxKeHHyio Ha our. |. 

Ha 9Toi cxeme: 

u — paOouee HanpsaxeHue, u= U,, sin ot; 

Uy— yilpaBJAlollee HallpamKeHHe, Uy=Uny sin(wt+o), OX 6 <180°; 

@ — YHCIO BHTKOB pabovei OOMOTKH; 

Wy— YACAO BUTKOB yYipaBJAlOlleH OOMOTKH; 

R — conporuBsenve Harpy3ku; | 

Ry— CONPOTHBAeHHe yupaBlAloWleH wenn; 

i — TOK Harpy3KH; 

ly— YIPaBJIAIOWWHH TOK. 

'M, A. Posen 6aa7, Marnurane ycanurenu,' P39; 1955; F. Kimmel, 
Verstarkung Kleiner Wechselstromspannungen mit: dém magnetischen Verstarker, 
ETZ, 1954, Heft 11. | 
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Uy 


Ro 





" 
+) 


ur, 1, CxeMa Apoccea HachiillenHa c cpa30BbIM | 
a ylipasjennem. 


CepmeuHuK Apoccela H3roTOBeH M3 MarHHTHOrO MaTepvada, oOna- 
aioulero IpAMOyroAbHOH neTNeh rucTepesuca. K TakHM MaTepHalaM 
orHocatca criaBpt 5OHII, 65HII, H34K29 (Mo-nepmuusap) u Op. 

_ Jlerna rucrepesuca Mo-nepmMuuHBapa, CHATaM OaslMMCTHYeCKHM Me- 
TOJOM, 1OKa3aHa Ha ur. 2. | 






02 04 06 08 Wc» 


Mur. 2. Weraa rucrepe3uca cfwasa 
H34K29 (Mo-nepmMunsap), cHATaa Oa- 
| JIMCTHYeCKHM METOJOM. 
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. Tletaa rucrepe3sica cepfewHuka, H3roTOBAeHHOrO ug TOro xe ‘CiaBa, 
CHATaa Ha M€peMeHHOM TOKe, MpezcTaBiieHa Ha dur. 3. Haecann3upopan- 





; : 2 : ; ce F : i > my © eek - ; i ssetitape : 
®ur, 3. Tnnamnveckan netaa‘ rucrepesuca cnnapa H34K29. 





a) 


Our. 4, Hxeann3upopannwe netau ructepesuca, 


Haa NeTig rucrepe3vca H3s06paxena Ha cur. 4,a. IIpu npH6nmKeHHHXx 
pacueTax MOKHO TpeHeOpey, BenHynHOH H, WU NONb3OBaTbCA KPHBOH 
HaMarHHHBaHig CilaBa, H306paxKeHHoH Ha cur. 4,6. | 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 














sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


IIpu aHannw3e CXeMbI, NPHBETeCHHOR Ha bar. 1, ObIIH TPHHATp! Ce- 
youve JOMNYULeHHA: 

1) KpHBad HaMarHHYHBaHHA UeaIbHO NPAMOYrOsbHa, U KOSPIH- 
THBHad Chula H, paBHa Hymo (dur. 4,6); 

2) BeHTHIM HeasibHbl, T. €. HX CONMPOTHBJeHHe B IIPHMOM Ha- 
NpaBIeHHH paBHO HyJO, a B OOpaTHOM HanpaBjeHHH — 6eckOHeyHO 
BeJIHKO; 

3) aKTHBHBIe CONPOTHBJICHHA OOMOTOK M@JIbI H HMH MOKHO TIpeHe- 
6peqb; 

4) conpotupjenia R u R,— 4HCTO aKTHBHBIe; 

5) MOTOKH paccexHHg@ OOMOTOK OTCYTCTBYIOT. 

PaccMoTpHM paOoTy HeIHHeHHOH CXeMbI, H300paxKeHHOH Ha ur. |, 
B YCTAaHOBHBLIeMCca pexuMe. Ha pa3qHYHbIX HHTepBatax BPpeMeHH 3TOH 
cxeMe OYYT SKBUBAJICHTHbI pa3JIHYHble JIMHeEMHbIC CXCMbI 3aMeLIeCHHA. 
[paHvibl HHTePpBaJIOB BPeCMeHH OMpeseAAIOTCA MOOKeCHHEM TOUKH, 
COOTBETCTBYIOLNei MArHHTHOMY TIOTOKY B CepfeuHHKe, Ha KpHBOK Ha- 
MarHH¥YHBaHHA HM MYHOBCHHbIMH 3HaYeCHHAMH MpPHJIOKKeCHHBIX HalIps- 
KeHHH. 


NEPBbIH HHTEPBAJI 


Tpaunubt nHTepBana: O<wt< 9, rae $ — rou HacbileHHaA. 

Tipexnon0%xKHM, YTO B HadaJIbHblH MOMCHT BPCMCHH HHAYKILHA B Cep- 
meuHuke paBHa By, u, CeqOBaTeIbHO, NOTOK Py=— As, rae s — noua 
ceyeHua cepfeyHHKa. Ha kKpHBok HaMarHHYHBaHHaA, MpHBeweHHOH Ha 
ur. 4,6, TOMY COCTOAHHIO COOTBET- 
CTByeT TouKa /. 

Ec K KaKOH-1u60 43 OOMOTOK 
Apoccesia TpHOXKUTb MepeMeHHoe 
HallpsxKeHHe, TO HHAYKUHA B Cep- 
neunHke OyeT H3MECHATLCA TO Bep- 
THKaJbHOH YaCTH KPHBOH HaMarHH- 
YMBaHHa WO Tex Top, MoKa He Ha- 
CTYNHT Hacbilenne. : 

OGMOTKH HaMOTaHbI TaKHM 06- 
pa30M, 4TO MOVIOKHTeIbHBIM Ha- 
MpaBJIeGHHAM TOKOB “COOTBETCTBYeT 
yBeIHv¥ueHHe HWHAYKUHH B cepjeu- 
HHKe. 

Ha uutTeppane OS wt<o MrHo- 
BeHHble 3HaveHig HalpsKeHHH U 





H Uy MONOMKUTeNbHbI. Tlostomy 
ur. 5. CxeMa gaMeulenua aia nepporo BeHTHJIb / oOTKDPBIT, @ BeHTHJIb 
HHTepBaNa. 3  g3anept. Bcnencresue store 


Ha MepBOM HHTepBase cxeme, MO0- 
Ka3aHHOH Hai our. 1, CcOOTBeETCTByeT CX€Ma 3aMeLIeHHA, NpHBeeHHaA Ha 
cur. 5. [ia sto cxeMbl, MOJIb3yACb 3aKOHAMH Kupxroa HM 3€KOHOM NOUI- 
HOO TOKa, MOXKHO HanucaTb CHCTeMy YpaBHeHHH, H3 KOTOPOH onpeessA- 
IOTCA 3HaueHHA i, iy HD: 
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_ w+ iR=Up sin ot, | _ 
- dd 7 “ Poe 6 
Oy ae Tak =O, : ” 
iw + tw, =0. 


Hauasbuoe ycnopue — npu t=0 O=Q,. 
Peutas cucTremy (1), nomyaum 


Un (1 cos wt) +, (2) 


@ 


® — 





rye | 
wRy 
w*Ryt+ wiR ; 
jx Um _ gin wt (3). 
12 
R+ 9 Ry 
Wy 


Ue Boi 
: Wy : 
i= — bearer dae Sin of, (4) 
R+ “9 Ry 
wy 


Takum o6pa3om, Ha TIPOTH2K CHHH l-ro HHTEPBaJia CcCxXxe€Ma pa6otaeT Kak 
TpancopMaTop HanpsxeHua. AMnuuTyza pa6ouero ToKa HeBeIHKa, Tak 
2 


we 


R, Bpl6upaetca jocTaTouwHo 


Kak B IIpPaKTH¥YeCKHX CXe€Max BeJIHUHHa 


6onbuIOK. , | | : 

IIpy wf noToK B CepfeyHHke cTaHoBuTca paBHbim D,=8,s, u 
CEpHeuHHK, COCTOAHHE KOTOPOrO B 3TOT MOMCHT xXapakTepu3yetca ToOY- 
KOH 2 Ha KpHBOM HaMarHHunBaHNA, HacbiIaetca. Yron HaCHILIeHHA © 
ONpeeAeTCA H3 PaBeHCTBa | | 





| ®, = "4 (1cos9) +, 
OoTKYy a | 
cos = 1 _ s— 2) 0 


UmA 


Takum o6pa3om, yrou 9 3aBHCHT OT HavabHow BenMaHHE moTO- 
Ka D,. | 

. an _ BTOPOH HHTEPBAJ 

lpaHuup wHTepBana: PN wl<r—o, 

Ecru CepHeqHHK OOJlaaer HeabHO NpAMOYrONbHOH Neraes rucre- 
pesuca, TO TeopeTHYeCKH pH wt= HHAYKTHBHOCTH yiipaBJaAioulen 
paOouek oOMoroK zpoccesia CKaYKOM MeHSIOTCA OT 6eCKOHETHO 60bWIOH 
BeIMYHHB 10 HyJa. [Ipakruuecku Take MOXKHO CYHTATb, ITO Kora cep- 
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JICUHHK HaCbILIeH, HHAYKTHBHbIe CONPOTHBIeHHA OOMOTOK ApoccesAa Npe- 
HeOpexXHMO MAJIbI MO CpaBHeHHIO C CONPOTHBIEHHAMH R Hu Ry. 
__-YauTbipas CKa3aHHoOe BbIllle, a TAKE TO, TO B TCHCHHE BTOpOro HH- 
TepBaJla BeHTHb 3 3aMlepT, a BEHTHJb J OTKPIT, CXEMY SaMCLILCHHA MOM- 
HO TIpeACTaBHTb Tak, KaK MOKa3aHO Ha ur. 5 aoe 

BenencTBue TOTO, YTO B paCCMaTpHBaeMOM HHTepBavie MarHHTHOH 
CBA3H MexKLY OOMOTKaMH HET, TOK B yipaBilsiouley OOMOTKe paBeH Hy. 
Tox B pa6ouel OOMOTKe ONpeweiAeTCA BbIPAKEHHEM 


j= em sin wt, 
co —— 7 ‘R 
Touka, xapakTepH3ylollan COcToA- 
Hie CepeuHHKa, JI@KUT Ha BEPXHEM TO- 
PH30HTa/IbHOM y4acTKe KpHBOH HaMar- 
« - ~HHUMBAHHA. 
Takum o6pa30M, BO BTOPOM HHTep- 
Bale. 
® = ©, —const, 
j= YU sin wt, (5) 
@ur. 6. CxeMa 3aMelleHHs QI BTO- R 
poro HHTepBasa. | i, =0. 


ae 
BereacrBue TOTO, UTO B MpakTM¥eCKHX CXeMAaX R<€ ak» aM- 

f1MiuTyHa padouero TOKAa BO BTOPOM HHTepBase SHAYHTeEAbHO Ooupille 

AMIIHTYIbI pab6owero TOKa B Me€PBOM HHTepBade. | 


TPETHA HHTEPBAJI 


[paHHubl HHTepBasla: r—o Sol<6. 

Ilpu wf=a7—o ympaBuJatollee HanpaxKeHue Uy, YMeHbIIaacb, tpo- 
XOJHT uepes Hyb. B STOT MOMCHT BEHTHJIb 3 oTmupaercs, a BeCHTHJIb 2 
3anupaetca. Ilo ynpapasiomeh 06- 7 ; 
MOTKe HauvHaeT MpoTeKaTb TOK. Cxe-— : 
Ma 3aMéelIleHHA MpHHHMaeT BHA, 
mpekcTaBeHHbI Ha cur. 7. Tax Kak 
MarHHTHOH CBASH MexKTy OOMOTKaMHt 
H B 3TOM HHTepBavle HeT, TOKH onpe- 
WlesAIOTCA CJIELYIOWMMA BbIpake- 


ee 








HYAMH. 
. Um, 
= sin wt, (6) 
i, = ——~ sin (wt + 9). (7) ur, 7. Cxema 3ameileHua 19 TpeTbe- 
4 Ry | Te ro HHTepBasa. 


Tlorok B CepeuHUKe M10-l1pe2KHeEMY OCTaeTCA NOCTOAHHBIM, PaBHbIM ®,, 
Tak KaK TOUKAa, XapakTepv3ylollad COCTOAHHe CepfedHHKa, J€KUT Ha 
BePpXHeM TOPH30HTaJIbHOM ydacTKe KPHBOK HaMarHHYHBaHHg. 
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Toku i w iy, Npoxoaa MO OOMOTKAaM, CO3Tal0T IIPOTHBONOMOKHO Ha- 
MpaBJIeHHble aMMep-BATKH HaMarHHuHBaHuA. Korga cyMMa 3THX aMmep- 
BHTKOB CTaHe€T PaBNOG HYJHO, COCTOAHHe CepmeyHAka OygeT xapaktepn- 
30BaTbCH TOUKON 2 (cM. dur.-4,6). B sTor’MoMeHT BpemMeHH wf=6 HH- 
AYKTHBHOCTH OOMOTOK CKa¥KOM H3MCHATCA OT HYJIa WO 6eCKOHEYHO 6osb- 
Wow BENHUHHE. - a a, ae ak re 
~ Yrou @ onpenxersetca 13 ycnoBHA 


2 se Law=), 
HII eal a. - i 
Umno .' CU mywy 
7 en elt 8 z 
| OR 2 82° Ry 

O603HauHM ta 2 aan t 


Um yW 





sin (8+) = 0. 


Umwy 


(9) 





\ 


®ur. 8. [padux ana onpeneneuua yraa 6. 


Toraa mpenbiayuee ypaBHenue MO2KHO NepenucaTb Tak: 
sin §'+'KK, sin(6,+/6 ) =0. 


O6biuHO Kospunvent K no BeqHYHHE HECKONbKO MpeBbilaer enH- 
Re Kospuuvent Ky 3HauvTeIbHO MeHbile equHuUb. Tlostomy 

; | | 

Yro § MOXHO OnpezenHTh Kak aOclluccy TouKH MepeceyeHus ByX 
CHHYCOHA: Sino! H —KK; sin(wt+o) (pur. 8). Taxux Touex nepece- 
weHua Ape. TaK Kak paCCMaTPHBaeTCA NOJOMUTEMbHLIA NOMyMepHor pa- 
6overo HatipaxKeHua Um sin wt, TO HCKOMBIE yron ompeleisetca Kak 
a6cluucca TOUKH Nepeceyenua J. | | 


11 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 














sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Peilaa ypaBHeHHe, NOIYaHM 
1 +KK, cos ¢ 


+ Vit2KK, cose-+K2K? 


Herpy2Ho 3aMeTHTb, YTO HCKOMOMY YIvly 6 COOTBETCTBYeT SHAK <MH- 
Hyc» Nepew pawMKaJIOM, CTOALIHM B 3HaMeHATEJIe. IlostoMy yO6HO 3a- 
MucaTb 3TO BbIpaxKeHHe Tak: 


cos §= 


1+KK, cose (10) 


oso =—_————————————— -- 
" | V14-2KK, cos 0-+K2K3 | 


B npHOWKeHHDIX pacueTax MOMKHO MOMaraTb KospunnenT Ky; pas- 
HbIM Hy0. Torga cos §=—1 u B=. 


YETBEPTbIH HHTEPBAJI 


[paHuup: § <wf<2r—c. | 
CxeMa 3aMelleHHA fia 3TOTO CAy4am Mpesctapsena Ha cur. 9. Ora 
cxeMa HewlHHeliva: B ee pabover enw UMeeTCA BeHTHUJIb. BeHTHJIb OCTAB- 





®Mur. 9. CxemMa 3aMelleHHa” WIA YeTBepTOTO 
KHTepBata, 


jeH B CXeMe TOTOMY, YTO B paCCMaTpHBaeMOM HHTepBasle Heb3A 3apa- 
Hee pelyramaTb HallpaBueHue TOKa B PaOoOueH IWeNH, a CAEMOBATEDHO, 
HW pe@KHM paooTH! BeHTHJA. 

Hennuelivoit cxeMe, npescTaBeHHon Ha ur. 9, COOTBETCTBYIOT ABE 
CHCTeMbI ypaBHeHHH: 


wT +iR=Up sin wf, 


| 

— 7 (11) 

Wy + iyRy = Un y Sin (wt + 9), | 
iw + iw, = 0; ) 
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oe t==Q; | a _ oe ae 
w 2 ‘ U _ gi t | > —— 
; yg tT tyky = my § n (i +9), rs a. (k2) 
iw+iyw,=0. 4 2 
Cuctema (11) cnpaBequmBa B TOM -cny¥ae, CCH BeHTHJb oT- 
KpbIT, T. e. i >0. Cucrema (2) cnpaBeaBa, CCH BeHTHIb B paOouelt 
uenu ganepT. — 


HayasbHoe ycmoBne —npH wf=§ P=q,,. 
Peas cuctemy (11), noryaum 





o= 9. rd UmA [cos 6 —cos wf] + 
myB =? 
+ —— [cos (6 + 3) — cos (wt + s)], (13) 


rjze 
wRy wyR 


a Bee, 
wRytweR” —  wiRy+weR 


Ww 
: omy Wy 
, y , 
Ste et sin a ee (of + 3); (14) 
wy wy 
w 
i ea 
= w ; Umy | 
i= ——y——sinot + — sin (ot +9), (15) 
R—G+Ry Ra tRy 


Pemenua cucrempr (11) onvcbiBatoT mpoueccH, npoHcxonamne B cxe- 
Me C OTKDPBITbIM BeCHTHJIEM , BeuTHJIb OTKPHIT, CCH 


| oe 
: Um . ey Wy 
i het ai (t+) >0. 
R+— 3 Ry — R+SRy 
Wy . wy 


STO HepaBeHCTBO . BHINOMHAeTCA Ha aHHOM HHTepBane np 
O0<wl<y, rae Y ompezennetca H3 COOTHOMeHHA 


w 
Unie. 


: +a Um 
i(:) = siny — —*- sin (y +6) = =0, 
R+—3 Ry R+ wy ; 
a 


HH wa POV 4 | | 
U,,siny—U,,y * sin (1 + o)=0. 
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OnpenesenHe yrma Y CBOJMTCA K HaxXOMKMeCHHIO TOUKH MepecedeHugz 
IBYX CHHYCOHA, HMEIOIMX Pa3JIMUHble AaMIHTYAb HW CABUHYTHIX MO case 
(bur. 10). Takux Towek mepeceyenua ABe. Tak Kak pacCMaTPHBaeTCA HH- 
TepBan 6<ot<2x—o, TO HCKOMaA TOUKA Y J€KHT BO BTOPOM IIOVIy- 
nepHone. Yrou Y MOKHO OpeseHTh H3 MPHBeAEHHOrO BHILIe ypaBHe- 


HHA nt een, oat 
7 sin y—K sin(y+'o) =0, 
| | os re | , 
sin y—K sin y cos s—K sins cos y=0, 
OTKY fa ne one ; 5 eRe 
_ Asine . 
‘e1= 1—K cos: 
Ksin(wt+6é) 





ur. 10. Fpapux a1 onpemetenua yraa Y. 


Va sto dopmyrp noryuuM ae, | 
| | 1—Kcoss 


ere I Sear 07 
COS T= Trg EY 1a cose Ke 


Jisym 38aKaM, CTOAUWHM Nepe pafHKaJIOM, COOTBETCTBYIOT Be TON- 
KH mepeceyenua cuHycony. Jlerko MoKa3aTb, 4YTO ANA ONnpeweneHun 
TOUKU Y, WexKallel BO BTOPOM MosyMepHoge, HeOOXOTHMO 6paTb OTpH- 
aTeyIbHoe 3HaveHHe panuKana. B JaibHeHulem YHOOHO MOMeHATb 3HaK 
qUCIHTeIA Ha OOPaTHbIM, a B 3HaMeHaTee OpaTbh aOcomOTHYy1o BeEMMYMHY 
paaHkasa. | 

Torna POpMY.J1Y MOMKHO 3alHCaTb Tak: 


= Keoso—1 | 16 
COST Te T= 3K 08 0+ Kil «3 A } 


Tipu f= Y TOK i CTaHOBHTCH paBHBIM HYyJio H BeHTHIb B pabouer 
wenu 3amupaetca. Jia nocnemytolero oTpeska BpeMeHH ClipaBequBa 


cuctema (12): | | 

w, 2 41R, =U, ,sin(ot +9), 
Se ee ed wn 

iw + iyw, =0. Oo 


14 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


| re i em 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


'HayanbHoe ycnopue — npx wf= y 
: UmA 


@ 


Um yB 








= O,=—0,+ [cos 6—cos 4] + [cos (8 +s) — cos (y+9)].. 


i(PeleHHAMH NaHHOH CHCTeEMbI ABJIAIOTCA 





| ‘ Um Bethy _ 

3 © = 0, +—~~ [cos (y +) —cos (wt + )], 
a Wyo a ae 17 | 
| i=0: 7 ( ) 
| 1, = 0, 


Takum o6pa3om, B TeyeHHe BCero YETBEPTOrO HHTepBala OTOK YMCHb- | 
Waerca H TOUKAa, XapakTepH3yiollad .cOCcTOMHHeE cepmeyHHKa, Nepeme- 
UlaeTCH BHH3 NO BePTHKaJIbHOM YaCTH KPHBOH HAaMAPHHYHBaHHA (CM. 
bur. 4,6). ae : 
_ Ecnu cxeMa paOoraeT B yCTaHOBHBIeMCa pexKuMe, TO npH wt=- 
=2r—o D=Q,, T. e. NOTOK MPHHHMaeT CBOE HatasibHoe 3HayeHHe. 


 TIATSIA HHTEPBAJ | 

[pannup: 2r—o<wt<2r, 3 7. | | 

Tipu wt=2r—o ynpapnaiolee HanpaxKeHHe uy Umy sin(wits) 
TIPOXOAHT yepe3 HYJIb H B. WasIbHeHUIeEM CT@HOBHTCA fMOJIOKHTCJIbDHbIM. | 
Beututn 3 (cm. pur. 1) B pa6oueg! menu sanupaerca. : 

Ha MpoTs2keHuH BCero HHTepBana-pa6oyee HW ynpaBssaioulee Halps- . 
2KEHHA IIPHJOMKEeHb! K 3allepTbiM BeATHIAM. [losTOMy TOKH i H ly paBHHI 
_ HYJHO, a TIOTOK B CepeC4UHHKe OCTaeTCA NOCTOAHHBIM, PaBHBIM Dj. | 

IIpu of >22 UHKA, ONMCaHHbIY Bbillle, NOBTOpsAeTCH. | 

Tlomb3yxicb NOJYYeCHHEIMH BBIIMe BbIpaxKeHHAMH, MOMKHO MOCTPOHTD. 
KPHBbie H3MeHeHHaA ®, i, fy B PYHKUMH BPeMeHH. Take KpHBBbIe, TOCTpoeH-— 
Hble Wid o =0, o=90°, c=180° npexcTapneunr Ha cur. I1,a; 6; e. Ha_ 
bur. 12 noKka3aHbI OCHHOrpaMMbI! TOKOB f H iy, CHATbIC Ha SKCNepHMeH- 
TaJIbHOH ycTaHoBke. HeOonpurme pacxomeHHA Mey TeopeTu4ecKHMH H 
SKCTICPHMECHTAJIbHbIMH KPHBbIMH OODACHAIOTCA TEM, UTO KPHBbIe HaMar-- 
HHYHBaHWA CepAeuHHKOB.He Ob UeabHO MPAMOYTOVbHBI. 

BbifcHHM Tellepb 3aBHCHMOCTb M@EXKAY YIIOM HaCcbINeHHA © H aso 
yipaB.alollero HalipaxKeHHA 6. Jia 9TOrO pacCMOTpHM H3MeHeHHE I0- . 
TOKa B Cep/eyHHKe 3a nepHoy pa6ouero HanpsxKeHus. B ycraHoBuBem- - 
CH pe2KHME 3TO H3MeHEHHE B CYMMEC JOJKHO paBHATbCA HY: 





<nd (1—cos 9) + 24 [cos 8 —cos 1] + 
Um yB | x 
+—2* [cos (8-+.2)—cos (7+9)] + —"* [cos (7 +2) — 
| y* | 
—cos(Qe—c+s)J=0. - -  - (18). 
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Ve 


, "O8E= 2 (8 °.06 = 2 (9 to= 02 (ve 
“os xewsh xmHpHreed udu Byedc0dY soxoL Oamomvaedud H OJahoged HW BXOLOM OJOHLHHIEN OMaHdy [| “Ine 











16 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


| 





Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 








—— - we 


es 


. 


—— 





Pa 5 . 
Lt Pe i. 
7 aa ‘ . 
_— ee a en id eee ee Smee 
* u - 
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Mee ti ee er a ert ey eo me - 





Onur. 12, Ocumorpam mis TOKOB MH HanpaAxKeHHA ApoccenaA pH pa3/IMuHHIXx yrmax 7 
| ia. re . a) s=0; 6) o=90°; 4) o=180°. - oN 5 
1—pa6ouee Hanps *KeHHE; 2—ynpasasiouee Hanpaxenve; S—ynpasanioulHh TOK (nozoxKuTeABHBIM 
_ « SHaYeHHAM TOKA COOTBeTCTByeT OTKAVHeHHE NYyYa BHH3): 4— padowHh TOK, 
2 1848 al | M7 
a , | 
; ‘ . * | 
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Pa3nerus Bbipaxenve (18) Ha KOSpHUMEHT MPH NepBOM CHaTaeMOM HB 
3QMETHB, 4TO | 
Um yB 


UmA 





Agi 
==KK,, Wake 1), 


y 
NOJIyY4HM 


1—-cos g'-+cos 6—cos ¥+KK; [cos(6+«6)—cos(y +o)}+ 
| +'K (K+1){cos(y+:6)—1]=0. 


Panee MBI NONYUMIM 3aBHCHMOCTH MexKAy yriaMu 9, Y Hs, 


| 14+KK, cose 
cos $= — aed” 
| VV 142KK, cos o +K2K}| 
K coss — 1 
cos ¥= 


| f 1—2K cos c+ K? |" 


. Wcnonp3ya 3TH 3€BHCHMOCTH, a TakxKe ypaBHeHHa 
sin 9+KK, sin(6+.¢) =0, 
sin y—K sin( y+) =0, 


BbIPasuM yruibl O+.c H Yt o Yepes PasoBElH CABHT oc. 


Tlomy4uuM 
KK 
; ees! cos ¢ + 1 ; 19 
cos ( +s) IV 142K K, cos o+K?K4 ( ) 
cos (y-+3)= meee eae (20) 


| 4/1 —2K cosc+K?| © 


TloncraBaaa BbIpakeHusa Ala cos 0, cos Y, cos(@+s) H cos(y +a) 
B ypaBHeHue (18), nowyadHM 


1+KK, coss K cosa — 1 


KK K —-coso 
—KM cos c+ t at K ac 
|V 142KK, cos o-+K?K}| lV 1—2K coso+ KA 


+-1—KK,—K=|V1—2K cos¢ + K?|— 


—|V/ 142KK, cos + KiKi +1—KKy—K. (21) 
Mopmyla 
cos¢=|V1—2K cos ¢ + K*| —| / 1+ 2KK; cos 3+ K?K?| + 
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ONPE REACT SABHCHMOCTb MOXKAY YTJIOM HACbIIeHHA — H Pa3s0BHiM CBR. 
TOM YMpaBIAIOWlero HallpsaxKeHHg o. M3 popMyJb BbITeKaeT, YTO ECAH 
yrO @ H3MCHHETCA OT HYIA MO m, YrON HaCbIINeHHA H3MeHAeTCA OF x 
Ho Hy1a. Heo6xogquMo 3aMerutTp, 4TO MIpHBeeHHan PopMy.ia Tepser culy 
Mpu yriax o, OAH3KHX K Hy. TouHee, ‘copmyaa CipaBeAJIHBa, eC 


V1 — 2K coss-+K? |—|V1+2KK, cos ot K?K2| 4 | —KK,—K>—1, 


Ecan | 
IV1~2K cos o-+ K*|—|V 1-4 2KK, cos oF RK + 1 —KK,—- Ket 
‘TO omen, - a , bee os b Phd 


Popmy.1a HenpuMeHuMa mpH yraX o, OMM3KUX K HYJIO, NOTOMY “YTO 
NPH STHX yrlax B KOHUe YeTBepTOrO HHTepBaga HacTylaeT HachILLeHHe 
_ cepmeunnka. Ilorox, yMeubulaacp, NOX AeHCTBHeEM yupaBAIOMero ‘Hatipa- 
*KCHHA, MOCTHTaeT BeMHYHHEE —®,. ManyKrupyocru OOMOTOK. CKaakKOM 
YMCHbUIaIOTCA JO HYAA H WasbHeMuee U3MeHeHHE NoTOKa mpekpamaerca. 
Ana Beex yrsos- oc, ‘IPH KOTOPBIX HacTyNaer moqo6HOe HacnMeHue, 
yrol ? paBeH wv. STo aBsenve HacbINeHHA HacTyNaeT JIMIUb IPH yraiax o, 
OMH3KHX K HYJIO, H YUHTHIBaeTCA HalOMKeHHeEM OrpaHnuenug Ha npHMe- 
HHMOCTb opmyanr (21). | os 
B mpv61mKeHHbIx pacyerax MOKHO CHHTaTb, 4TO BeIM4GHHAa K, pana 
Hym10. Torga dopmyna ynpouraetca: 


cos p=|V1—2K coso+ K4—K, (29) 
Jlannaa dopmyua CIpaBeAIHBa Id BCEX YIOB c. 


M3 u3n0xKeHHOro BBILIe BPITCKaeT, UTO, H3MeCHAA YroN cABHra a3 
MeKIy paOouuM H yIpaBAAIOWWUM HanpAXKCHHEM TPH NOCTOAHHOHM am- 
TAMTY RE NOCHEZHErO, MOKHO MEHATH Yrovl HACbILLeHHA ? mpoccena. Hs- 
MCHEHHE yrvla HaCbUUeHHA — BedeT 3a cO6Oh H3MCHECHHE CpenHel Be- 
JIMUHHbI padoyero ToKa. Takum o6pa3om, 43MeHaa *asoBbiit caBur ylipas- 
JIHIOULCTO HallpAKCHHA, MOXKHO MeHATH Cp€AHI0I0 BeHYHHY: .pa6ougero 
TOKa, MpOTeKaloulero yepe3s ConpoTuBAeHHe Harpy3ku, — 

BbisiCHHM 3aBHCHMOCT MCKAY YIVIOM HaCbILeHHA H CpeqHey BenHUH- 
HOH pa6ouero Toxa J. — | | 

Kak 65110 moKa3aHo BbIIMe, MHOBCHHbIe 3HayeHHA pabouero ToKa 
ONPEReIAIOTCA Ha Pa3JIHYHbIX HHTepBasax BPCMCHH CHEAYIOWWMMH op- 
My1aMuH. 


Tleppuit untepsan: 





O< wt<y, 
Om H,l 
i= = sin wf + —— | 
w 
R+—3 Ry | = | 
. Wy > 


Bropott u TpeTHK HHTepBab!: 
Po ot< 4, i= Sn sin wf, 


o* 19 
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» . HerpepTHh HHTepBal: 





Ly, 
rs i Um - sin of — —*2" — sin (wt-+ 9). 
a Zz Ri GR 
R+ oo Ry eazy 


J :. 
B cbopMyly quia pa6ouero TOKAa, MpOTeKawulero B TeueHHe Mep- 


P - 
Bore Oe BBEJEHO CAaraeMoe , YUMTEIBAIOWee HaMar 





HHUABalOWlAl TOK, KOTOPHIM MBI paupuie mpeHe6peranu. 7, —Kosp- 
ALUTMBHAA ‘CHa Pak l,.—AMHa cpeaHeH CHIOBOH JIMHHH cepsze4- 
CM 
HK [ea], 
- Bamera, UTO | 








be ees ] oa 1 = K, 
Tapes we L R(Ky+1) ’ 
| 2 es 
| Rea R{ oe 
‘ / wyR 
1 wRy ; 


) Cpenuas BeIMUMHAa pa6ouero ToKa 


1m ficton [Laney amet St 4004 


CO Ar UmK 
gs ee ek —™"1_ sin wt — 
eae) pO Ss a rae 
? 


Unk, 1 Umi _ (1 ~ cos 9) + 
_ ~ RK KO mK ga — on R(K4) ( ~) 


Lee, ar 1 Um (cos g—cos 8) + 
7 Unk 
Qn R(K, +1) 


1 _KUmKs (695 (6 +)—cos (1+9)]. 
«ORR (K; +1) 


+ — (cos 9—cos 1) — 


TlonctaBAaa B 3TO BEIpaxkeHHe BLIBeEMeHHbIe paHee OPMYsipi WA 
cos ?, COS 8, COS Y, cos (0) + o), cos(y+o), Mowy4uM 


Ro ee Bah ee 1 Hel, 
j= 1Ue || 1—8Reos oF Ki] +1—K mare On er 


roe ? onpesensetca 43 POPMYJbI (21). 
20 
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TakuM 06pa30M, OKOHYaTeIbHO POPMYJIY MOMHO ZanHcaTy' Tauy. } 
go  iianliiciliac: bens 


- a 
cure 


“Wits IKK, cose-+K*Ki|+1—KK,—K]. (28) 
@Mopmysia (23) Tak Ke, Kak uv dopmya (21), HeBepHa, ecm oe. r 


IVi—2kK cosco+ K?|— |V 1+ 2KK, COs: $b RRi|-+1- KK Km 


eg 


> arc cos | | V1I— — 2K cos c+ RK? |— ~ : vo | - nf 


T. €. MPH yraax 6, OuIH3KUX K HYM0. 


Tina 3THX yr0B o, KaK yKa3bIBasOcb BBILE, =r H cpenHaa BeqH- 
4WHHa TOKa onpesensetca NO Popmyuie 


1 UmKK, | Helep 
(24) 


Ha our. 13 mpenctas- 
JleHa XapaKTepHcTHKa, TO- 
CTpoeHHat 0 (opMyJiaM 
(23) H (24). 

Ha 310% xe durype no- 
Ka3aHbI TOUKH, CHATBIC 9KC- 
NepHMeHTasbHO. Jipoccenn, 
KOTOPHIK HCHOMbSOBAaJICA 
NpH SKCHEPHMeHTe, HMeI 
cnenyiouue j§§ xapaKktTepu- 

_ CTHKH. 

CepmeuHHK smpoccens 
6b H3roTOBseH 43 Mo-nep- 
MHHBapa (B,=12500 2c, 
B,=15000 ee, | ALE= 
=0,18 a/cm). Tonmuna 
WTaMNoBok 0,1 um. Tino- oe eae Ee Sy 4 
Wath CeyeHHa cepseqHHKa 30° 60° 90° zo’ 150° 80° 
0,117 cm?. | 

UsnHa cpeqHeH CHIOBOK ur. 13. 3apucumocTs cpeqHel BeNHMUHHET pa6oue- 


JIMHHH oe CM, W=1180 1° ToKa Apoccena or yraa caBHra cha3 Mexay 
BHTKOB, = 490 BHTKOB yNpaBAAIOWlHM H pa6ounM HanpsKeHnHAMnH. 
> 


R=245 an "Ry= 957 om. 

J\efictByioulve sHayeHua paGouero wu ynpaBasmoulero Hanpamennii 
PpaBHAIHCh COOTBeTCTBeHHO: U=27 6, U,=13 6. 

Ha OCHOBaHHH H3JIOKCHHOTO MOMKHO CelaTb CAELYIOULMe BBIBOREI. 

Yroul HacbilleHuA Npoccesia C CepeYHHKOM 3 MaTepHana, O6nanat- 
IerO MPAMOYFONbHOKH NeTMeh rucTepe3suca, 3aBHCHT OT (asui nepeMeH- 
HOrO HallpsKeHHA, MPHJOKeHHOrO K yNpaBsIAIOLWWeH OOMOTKE. 
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Casur ase ynpaBasiollero HaMpAKeHHA OTHOCHTeIbHO padoyero 
SMAeT Ha CPeMHIO} BeMMYHHy padowero TOKa TAKHM o6pa3om, 4TO NpH 
HYJIeBOM CABHre (tba3 TOK MHHHMaJeH, a pH caBHre :ba3, paBHOM 180°, 
TOK MaKCHMaJIeH, : 

T[poccestb HacbllleHHa C asoBLIM YIPaBeHHeM MOKET NPHMeHATECA 
B CX€MaX ABTOMATHYECKOIO PeryJIHPOBaHHA, B KOTOPBIX. BLIXOMHOH Be- 
SHYHHOM H3MEPHTeENbHOTO OpraHa ABMACTCA HalpsxKeHHe, MeHAIOMLEeCH 
mo (pase C H8MeHeHHeM pery.IMpyeMOH BeVIMYHHEI. 

Jipa mpoccesa HacbliieHua c (a3soBbiM yilpaBseHHeM, COe€AHHeHHbIe 
b AuppepenunabHy!0 CXeMy TaKHM OOpasoM, YTO Yepes CONPOTHBNCHHE 
Harpy3KH MPOXOMHT TOK, PaBHbI pa3HOCTH TOKOB ApocceseH, a yb 
cupura (bas MExKAy paGouHM HW YIpaBJAIOWMMH HalpaKeHHAMH B Ipoc- 
CeIAX PABHBI COOTBETCTBEHHO w-+o6 H co, OOMaaloT XapaKTepHCTHKOK, 
Mp HONMAKEHHO ONpeenAeMOH BLIPAaKeCHHEM 


[=], —h=5" [| V1— 2K cos Ea) + 


| | 4+1—K—|V1—2K cose -K2|—1+4+K] = © 
ey ener ee ly een r al; (25) 


: 91a XapakTepHcTHKa COBIaqaeT C XAPaKTePHCTHKOHM WIMpOKO pacnpo- 
ctpaHenHoro dasosoro AeTeKTopa. JlocTOHHCTBOM TOJIyueHHOH CX€MBI 
HO CpaBHeHHIO C PasOBbIM WeTeKTOPOM ABJIACTCH HaHUHe a 110 
MOULHOCTH. 

: Takum o6pa30M, ApoccesiM HaCbILleHHA C hasoBnim ylipaBsieHHeM, Co- 
CAMHEHHbIe 110 DHppepeHiManbHO CXeMe, MOrYT MPHMCHATCA BMECTO 
(pasoBoro WeTeKTOpa B Pa3JIHUHOTO pOa yCTPOHCTBax 3JIeKTPOaBTOMa- 
TEKH: peryasropax WACTOTHI, CEAALIMX CHCTeMAX H T. J. 


i 
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nagnetschen ¥ Verstarker, ETZ, 1954, Heft 11, 
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Kany. TexH. Hayk H. T. KOBAKOBA, naw, B. A. CAPTOPH 


CTABHJIH3ATOP HAIPSAKEHHA MEPEMEHHOLO TOKA 
NOBbILJEHHOM TOYHOCTH C JPOCCEJIEM HACbILLEHHA 


IIpu cOBpeMeHHOM ypoBHe TeXHHKH BOMpoc aBTOMAaTHYeCKOA peryH- 
POBKH HalIpAxKeHHA NepeMeHHOrO TOKa Cc GOMbINON CTeNneHbIO TOUHOCTH 
CTaHOBHTCA BeCbMa aKTYaJIbHbIM. B KaxKJOM KOHKPeTHOM Culyyae K cTa-— 
OWIM3aTOpy HanpAxKeHHA NepeMeHHOTO TOKa NpeAbABAAeTCA PAT Tpe6o- © 
‘BaHHH, OT KOTOPHIX 3aBHCHT BBIGOP OTIEIbHbIX 3IEMEHTOB CXEMbI H HX | 
Hapametpos. Hue paccMaTpuBaeTca cxeMa perynaTopa HanpsKeHHa, 
ciyKaulero Aid MHTaHHA Welle Hakala 9eKTpOHHBIX Jamn. IIpu u3me- 
HeHHH BXOJHOrO Halps2KeHHA Ha. +10/> nefcTByloulee 3HayeHHe Hanps- 
JKCHHA Ha BhIXOMe NOMMEPAKUBAeTCA C TOUHOCTHIO -+-0,05"/o. 

IIpexye uem mepeltH K paccMOTpeHuio CXeMpI cTaOusH3aTopa, cile-— 
AYeT OCTaHOBHTbCA Ha BbIBOZe OCHOBHBIX COOTHOUICHHH, HEOOXOMHMEIX 
Allg aHaiv3a paOotr cra6usnu3aTopa. —— 

_  Cyniecrsyer 6omblloe KONMYeCTBO pa3IHIHBbIx CxeM CTaOHJIH3aTOPOB, 
HO BC€ OHH B 3aBHCHMOCTH OT CllOcoOa BKIOUCHHA H3MePHTeMbHOTO Op- 
rana (1. O.) Moryt 6nITb pa36uTHI Ha TPH OCHOBHBIX Tua: 

a) Ha Bxoa M.O. nogaetca HanpsxKenve Harpy3ku (dur. Ia), T e@& 


Osu = Uap; 


6) na sxon WM. O. nogaetca sxogHoe Hanpaxenne cTa6uHsaTopa 
(cur. 1,6), T. e. : 


Ousy= Bx; 


B) Ha Bxog HW. O. nomaetca cymma Hallps2KeHHH: HallpsKeHHe Ha. 
Harpy3ke WH YaCTbh HatipaxKeHHA Ha perymupylomlem oprane (P. O.) 
(ur. 1,8), T. e. 


Usou= | Uma t+ RU yer |, rue O<R<1. 


Han6onbutee pacnpocrpanenve nonyunan CTa6HAH3aTOPHI, OTHOCA- 
fHecH K THY, MPHBEAEHHOMY Ha dur. 1,a. Cra6unusatoppl Tuna, npuBe- 
AeHHoro Ha cur. 1,6, mpHMeHAIOTCA pexe, Tak Kak OHH, KaK OyneT noKa- 
3aHO HHKe, OOaaloT PAAOM CYIIECTBeEHHEIX HegocTaTKoB. BKmoqeHne 
1. O. no cxeme, H306paxKeHHOH Ha cur. 1,6, 0 cHx Nop TeopeTHyecku 

He HCCIEQOBaIOCb, HO MpHMeHeHHYyio HH. EBJOKHMOBbIM CXemy cTa6u- 
AH3aTOpa * MOKHO OTHECTH K 3TOMY THI. 7 


IT. K. Epxokumos, Cra6uiu3aTop HalipswKenua c mpoccerem HaCHIIeHRA, 
«BecTuuk slexrponpomumiexHoctu», 1950, Ne 11. 
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EL 









usm Usarr 





Mur, |. CxeneTuble CXe€MbI pery/IATOPOB. 


HW. O.—uameputenpupit oprau, Y. O.—ycuaurenbuii opran, P. 0O.— 
peryHPY!IOWIHH opraH. : 
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XAPAKTEPHCTHKA CTABHJIH3ATOPA | 


_ TouHocth peryauposaHia BbIXO_HOrO HallpaxKeHHA cTa6HAH3aTOpa 
_MipH NOCTOAHHOM 3HaveHHH Harpy3ku Xapaktepu3yeTca KospUnHeHTOM 
cTa6niH3auHH K,: | i 


AU narp% SU uarpU sx. 
K, wei Harp pen Harp’ Bx. HOM _ (1) 
AU zx % AU ax Harp. HOM 


rae AU,,.% —usMeHeHHe BXOZHOTO HanpAxeHUA B % OT ero HOMH- 
HaJIbHOrO 3HaveHHA; 

AU .arp% —M3MCHEHHE HalpsoKeHHA Ha Harpy3Ke B % OT ero HO- 

MHHaJIbHOrO 3HaYeHHA, 


AU, a 

« HO a 
O6osHayus ——""~==a, noayuaem K,=——? 
— BX. HOM - AU 5x a 


OuveBHAHO, ¥eM BBIMe Tpe6yeMaa TOUHOCTE peryJIHpoBaHHa, TeM 
MeHbille 1OKeH ObITh KoaduuneHT cCTabuaH3auMH K,. Jina o6ecneue- 
HHA 3ajaHHoro K, mpv BbIOpaHHO cxeMe HeEOOXOAHMO, 4TOOHI cTaOHAH- 
SaTOp HMCJ ONpeneeHHy!lo BemMUMHY Kosduluenta ycurenua 


| AU per 
Ky = AU van ? | (2) 





rne AU yy HU A Unq— HSMCHCHHA HalpaxKeHHA COOTBeETCTBeHHO Ha pery- 
HPYIOuleM OpraHe H Ha BXOJe H3MePHTebHOTO Oprana. Tpe6yemas Be- 
muna Ky npv 3aqaHHom sHayenuu K, 3aBHCHT OT cmoco6a BKTIOUeHHA 
H3Me€PHTebHOrO OpraHa. | | 

Heo6xonumble 21a cpaBHeHia pasnM4HEtx cxem CTaOHIH3aTOPOB Co- 
OTHOUMeHHA Mexay Ky u K, Hav6omee mpocto MoryT 6bITb NOYIeHbI B 
TOM Cily4ae, korga HallpsKeHHA Ha Harpy3Ke uw Ha P. O. cosnanaiwt 
mo dase. | 

Jina atoro cnyyaa 


Osx = Uper t+ Uneep. | | (3) 


Hafiqem 3aBHcHMOCTh Mex Ay A Usp H A Us MIpH MOCTOAHHOH Ha- 
Ppyske [Jia CX€MBI, IpHBezeHHon Ha qcbur. 1,6. Coornomenne M@XKILy 
A Uwirp H A Usx II CTASHAUSATOPOB, BLINOMHEHHBIX 110 cX€MaM, H306pa- 
KCHHBIM Ha cur. |,a u 6, onpenenserca u3 o6mero BbIPaKeHHA MyTeM’ 
ait emai BeJIHMYHHHI k HYJIO WIM eH. 

“FiTaK, JIA CX€MbI, IPHBeNeHHOH Ha our. 1,6, umeem 





A Uysg= A Usx— (1—R) A User. (4) 
Ho, y4uTHEBas, uTo AU ,..= sill , Noayuaem 
(1—K,k+K;) tains Vee. * (5) 
Beipakag A Use uepes A Usz U A Usury, nowlyuaem | 
| | A Upe= A Ue —A Unary- | (6) 
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Tloncrapaaa (6) B (5), nocwe HeKOTOpbIx MpeoOpa3s0BaHHi MonyqHM 
AU warp ot L= kKy 
AUpx 1—kKy+Ky — 


(7) 
Takum o6pa3o0m, Kosdulnent craOuH3alHH DJA CX€MbI, MPHBeeH- 
HOW Ha cur. 1,6, 3amuilleTca B CleqyIOuleM Bue: 
1—kKy 1 


Ae Se. 8) 
“ 1—kKy+Ky a ( ) 


Jina cra6vav3zaTopa, BbINOJHeHHOrTO NO cxeMe, NOKa3aHHOH Ha 
dur. Il,a (k=0), HMeeM 
= 1 
(1+Ky) 2 


(9) 
A juin CXeEMBI CTa6uH3aTOpa, MpHBemeHHon Ha cur. 1,6 (R=!1), no- 
AY4HM 


K.=(1—Ky) —. (10) 


‘Ting cxem 1,6 uw 6 uMeeTCH BO3MOXKHOCTD NOAyauTbh K,=0. 

3to Gyaer gaa cxempl 1,6 up Ky=1, a aaa cxemp 1,6—mnpH 
l —— 

Ky=-- Jian cxempt 1,a K,=0 anup npu K,=oo. 

-PaccMoTpuM Teflepp 3aBHCHMOCTD MexKLY A Usp H H3MCHEHHEM MOJ- 
HOfi MOULHOCTH Harpy3KH Syarp. [I]peanono%xKuM, ITO cTaOuMH3aTOp AOVI- 
KeH MOMEPKUBAaTh NOCTOAHCTBO Usay C OMPeMeJICEHHOM CTEMCHbIO TOU- 
HOCTH IPH M-KpaTHOM H3MeHeHHH Syorp. MHbIMM CIOBAMH, NPeAMOOKUM, 
qTO : 

Swen max MS warp min: 


IIpHHuMaa a3soBbll yro Harpy3KH P mrp H U sarp TOCTOAHHDIMH, 110- 


JYUHM 
U Suarp max Suarp min 
ney Imax J omin 
OTKY a 
Suarp max m — 
Al — in we ew ae (1 | ew maxX « (11) 
max max m Dincs = ae 
A U per Al, 


Jlanee npeqnou0xKEM, TO =const=n. Sto npeznonoxe- 


Al~ 
Hue, Kak 6ymeT NOKa3aHO HMKe, CMpaBesNHBO AMA paOOuHx yaaCTKOB 
XapaKTepuCTHK Apoccela HacbiilleHua. Torgqa H3MeHeHHe HallpwKeHHA Ha 
P. O., BbI3BaHHOe M-KPaTHbIM H3MeHCHHEM Harpy3KH, MOMKHO BbIPasHTb 
CAIELYIOWMM OO6pa3som: 


AUper 1, = MAL max = = (i= 1) Tank (12) 
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Beununna - , “ef ene . “s _ 
+ ~ AU per 4 1, = AU yee -+ AU paros | arya (13) 


re | 
Co ye Ky be 
B'cpow ovyeperp | | ne ee . 

| | AU yy = (1 — 2) (AU per a tr — AU yer), (15) 


Nonzcrasaaa BHDaxkeHua (13) # (14) B (15), nocae HEKOTOPEIX 
mpeoOpa3zoBaHHi Nonyuum: . 


| AU pe: A Tey 


7 AU, = ——__=——. 
t . Oo . Harp 1—Kyk-+ Ky ; 


(16) 
IIpHHuMas BO BHUMaHHe BbIpaxenue (12), oKONTAaTeNBHO HMeeM 


a n(m—1) | ot 
AO sarp m (1 —Kyk+Ky) fmax oe ee (17) 


HAH | 
| 100a (m—1) Inge 


AU aarp ar_ % = (18) 


m(1— Kyk+Ky) Caarp | , 
Jkaa cxemuy, NpHBeAeHHOH Ha dur. 1,a, (k=0) | 
per AJ 
‘ | AU warp = 1+Ky — —— Bee 
Jim” CXeMH, H306paxeHHOH Ha cur. 1,6, (k= 1) 
| AU arp =AU per ar ~ | | | (20) 
Jaa cxembl, nokasaHHoli wa qbur. 1,8, npH | 
1 | AD per ar 
K= Ky sU aarp oa ORS =, * | (21) 


Pasenctpa (19), (20) u (21) TOKa3bIBaloT, YTO BAIMAHHe H3MeHeHHA 
Harpy3kH Ha A Usep B CTa6HH3aTOpaX, BbINOJIHCHHHX 0 IpHBeJCHHbIM 
Ha dur. |,a u 1,6 cxemam, npaKruyeckn OJHHaKOBO. | | 

CrTa6Wiu3aTOpEl, BbINOHeHHBIe m0 CXe€Me, NOKa3aHHOH Ha cur: 1,6, 

B STOM Cilydae He MpHMCHHMBI, Tak KaK COBCeM He pearupyioT Ha H3Me- 
HeHHe Harpy3Kku. 
_ Takum o6pas3om, cnoco6Hocrs cTaOHM3aTOpa NoAMepxXHBAaTH NOCTO- 
AHCTBO Urry IPH H3MCHEHHAX Harpy3KH 3ABHCHT B OCHOBHOM oT Ky Hn. 
Ja Toro 4TOOH YMeHBIUHTE BAuAHHe H3MeHeHHA Harpy3ku Ha Urey, 
cuenyet Ky yBelu4yuBaTb, aM YMeHbiaTb 3a cueT YMeHbIUeGHHA KPYTH3HbI 
XapakKTepHCTHKH Apoccens. | | ar a 
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Urak, W3MeHeHHA HallpsKeHAA Ha Harpy3Ke, BbISBAaHHbIc H3MeHeHHA- 
MH Hallps2keHHa CeTH H M-KpaTHBIM H3MCHCHHEM Harpy3KH, OMpee/AI0T- 
CH CJIeYIOWLHM BbIpaKeHiem: 


1 
AU garp% == | (1 #K,) AU,.% + 


100n (m ~1) Tmax 
(1 —kKy+Ky) 


mU zx, nom 


| . (22) 


KonuuecTBeHHad OWeHKa BJIMAHHA H3MCHEHHM BXOAHOTO HallpAxKeHHA, 
CONPOTHBJICHHA Harpy3KH H necra6unbHoctTu Ky Ha Uyory Hsia Ce Lyoulero 
yacTHoro culyyan, Korga 


= 220 6; AU,, = 10%; a, == 0,8; 


Osea 
Ky = 100; AK, = — 20/5; lomax== 2 @; m=2 4 n=100—, 


xapakTepH3yeTca MpHBOAHMOW HHKe TraOHien. 














: AU,gx=+10%, AUpx=0; Smax _9 ra ee 
Tun cTa6n- Suarp= const oT Smin AKy= —20% 
augaTopa : 
Ky AU warp % Ky AU arp ‘/0 Ky AU warp 


Cxema 100 +0,124 | 100 0,564 80 40,154 


| rr 


Cxema j 0 1 57,0 0,8 +2,5 
(CM. ee 1,6) 
k= 





Cxema 100 0 100 0,570 80 +0,031 
(cm. pur. 1, 8) 
=0,01 


Vig pcero “302%KeHHOrO Be cesyeT, YTO NIpeHMyllecTBa cTa6nJin- 
] 


3aTOpa, BbIMOHeHHOTO MO CXeMe, mipuBeneHHon Ha our. 1,6, NpH K= K. 
y 


CBOMATCA K BOSMOXHOCTH NONyyeHA (Mp CpaBHHTebHO HeOOJIbILNON Be- 

nuuune Ky) BbICOKOM TOUHOCTH CTaOHIM3aHH B Cilyuae U3MeHeHHA TOVIb- 

KO Ux. [Ip 3TOM 3ABHCHMOCTb BbIXOMHOrO HallpAKeHHA craOusmMzaTopa 

or KoneOanui TOKa Harpy3ku u HecTaGumpHocTu Ky ocTaeTca B 9TOM 

cnyyae MmpakTWueckH Tako 2%e, Kak HM AWA CXEMBI, H300paxKeHHOH Ha 

(pur. |,a. og 
H3MEPHTEJIbDHbIA OPIAH (H. 0.) 


B mpouecce pa6orTbl craO6ususaTopa C ApOcceseM HacbILeHHA PopMa 
KPHBOH BbIXOJHOTO HallpAKeHHA (Usp) OYHeT U3MCHATLCA C H3MeHE- 
Huem Uex. Tlostomy melictpyroujee UH aMMMJIMTyHOe 3HaveHHa Osarn OY- 
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AYT NOMMePAKUBaTbCA C PasHOM CTeNeHbIO TOUHOCTH, CCIM, KOHEYHO, Ha 
BbIXOne CTaOHNM3aTOpa He HMeeTCA CHJbTPa, HCNpaBaAaiomlero copmy 
KPHBOM BBIXOAHOrO HallpAKeHHa. | 

ITpu pkmtovenun H.O. no cxeme, npupegxenHod xa car. 1,6, amnautTyqHoe 
3HaYeCHHeE MOKET NOMMEPAKHABATbCA C TOYHOCThIO NPHMepHO JO 1/o (n — 
H3MCHeHHE IIPOMeHTHOTO COMepxKaHHA BBICLIMX YTapMOHHK B Usarp, 
OOYCJIOBICHHOe HaJIHYHeM Apoccena HacbilweHua). Jlelicrpyriousee 3na- 
geHve Userp Oy eT Mp 9TOM NOAMEPKUBATLCA C HECKOVIbKO OonbIUel TOU- 
HocTbi0. Ilostomy mpH HeOOxXOgMMOCTH NOAMeEpKUBATH Unser, C SONSUOM 
CTe€NeHbIO TOUHOCTH CaenyeT BKIIOUaTh HM. O. no cxemam l,a uau 1,6, a 
TH H. O, Bei6upatTb HCXOAA M3 TOrO, KaKOe 3HaYeHHe HEOOxOAUMO NOL- 
€PpHKUBATD C OOMbWeH CTeMeHbiO TOUHOCTH. IIpH Heo6xoaMMocTH Mon- 
€p2KHBaTb NOCTOAHCTBO aMIVIHTyYAHOro 3HayeHHA Ui, B KauecTBe H. O. 


Uyam 





@ur. 2; Mocropas cxeMa u3MepurenbHOrO oprana c muonom 4LI1M., 


MOryT ObITb IPHMCHEHE! PasMYHbIe CXeMBI BLINpAMUTene c RC-cusnprT- 
pom. ITpu Heo6xogumocTH cTa6uM3supoBaTh JelicTByroulee 3HaueHHe Unarp 
MOKHO HPHMeHATb Pa3sJIM4Hble BAPHAaHTbI MOCTOBBIX CXeM C HeHHeEHHBIMH 
SA€MEHTAMH, B KaYeCTBE KOTOPbIX MOFYT MPHMCHATECA, HallpHMep, HO- 
Abl IpAMOTO HakaJla, paOoraiolive B peKHME HACHILIEHHA. 

OHH O6s1aqaloT CNOCOOHOCTHIO CHIbHO H3MeHATh CBOE SKBABAJICHTHOe 
CONPOTHBJeHHe Ro=—* TIPH HeOOJIbIUHX H3MeCHEHHAX Hallps#KeHHA Ha- 


a 
Kasia }, 


Ha cur. 2 u306paxKeHa ofHa 43 BOSMOXHEIX cxem V1. O. c qHOnOM 
411M B kayecTBe HeMHeHHOrO COMpOTHBeHHA” MOCTA. Kos @uuHexT 
ycusenua HM. O. Moxer 6bITh NpexcTaBneH B BUTE 


Ky. o— KK ps (23) 
AUy. o 
AU uax 


Ky» — Kosbpulwent Tpanchopmayuu Tpancdopmatopa 
HaKana Auona. (OOnrdHO K,, € 1). 


roe K,= — KO9PPHNHEHT YCHCHHA MOCTOB C JHONOM; 


'T. P, Tepmeu6epr, Bricoxocra6uibunh AHOm B exeMax peryHpoBaHua x 
aBTOMaTHKH, «BecTHHK 3/ICKTPONpoMbllueHHOcTHy, 1948, Ne 5. 
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K, onpeneannetca 43 xapakTepHcTHK AHORA, IIpPHMepHHIM BHA KOTOPEIX 
7 | AU 
ipelcTapseH Ha ur. 3, Kak OTHOWeHHe R 7 wrae AU, uw AU,y— u3MeHe- 


H 
HHA AHOZHOTO HaNpsAXKeHHA MH HallpAKeHHA Hakala WHOA. 

Jina cxemn HW. O., mpupenenHoi va our. 2, mpu Uy=3,2+3,4 6 
K,=250, B 3akmioueve culelyeT OTMETHTb, YTO K CTAOHJbHOCTH Xapak- 
TePHCTHK Bcex 3emMeHTOB HM. O. npewDaABAIOTCA OCO6eHHO BBICOKHE Tpe- 





Uys Uy Uy Un = 48 






4 Ya U, 


Mur. 3. BonbraMMepHble XapakTepHCTHKH HOA 
4L11M, 


6OBaHHA, TaK KaK OHM ONpesensioT coG6oH cTa6vAbHOCTb paooTE BCero 
cTra6Hin3aTopa. SDKBHBaJIeEHTHOe CONPOTHBeEHHe AMOMa 4111M ouelb 
MajlO 3ABHCHT OT OKpy2xXalollie TeMMepaTypbl, HO B TOUHbIX CTaOusH3a- 
TOpax C 3THM H3MCHEHHEM BCe Ke MPHXOMUTCA CHATATHCA. 


PEFYJIMPYIOULHH OPIAH (P.O) 


B KauectBe peryupylollero OpraHa OObIMHO MpHMCHHeTCA APOCCedIb- 
HACbILLeCHHA C NOAMArHHYHBaHHeM NOCTOAHHEIM TOKOM HIM TpaHcpopMa- 
TOP C peryAHPYIOULMMH JlaMnamu. Huxe paccMaTpHBaeTCA TOMBKO APOC- 
C@JIb HaCbILeHHA. 

Jina Toro uro6nl B OOMOTKe MOCTOAHHOTO TOKa He HaBOAKaCp Mepe- 
MeHHag JIC, o6ycnoBeHHag TOKOM B OOMOTKe MepeMeHHOTO TOKa, Apoc- 
CeJlp BbIMOJHACTCA AH6OO C JBOMHbIM CepAeCYHHKOM, MO CXeMe, NPHBECH- 
HOH Ha cur. 4,a, 1460 C OMHHM CePAeCYHHKOM, TIO CXEME, MmoKa3aHHOHW Ha 
bur. 4,6, B KOTOPOH CpeMHU CTepxXeHb ABMACTCH Hepa6ouHM MH NOSTOMY 
o6umii O6beM cTamH Tpe6yeTca GoubUInH, YeM B MpeMbIMyulen CxeMe. 
B mpoccese, BLINOJHeHHOM Mo cxeMe (ur. 4,€, MOKET ObITh TakKe Npu- 
MeCHeH TOPOHaJIbHBIH CepWeuHHK. 

Ha cur. 5 npuBesqeubl rpapuKu 3aBHCHMOCTH jeicTByloulero Harps- 
%KeHHA Ha OOMOTKe NepemMeHHoro ToKa npoccedA Uper OT 





= const, 





aw.= IpH awy= 


rie /. H W.— TOK M YACIO BATKOB OOMOTKH NOAMATHHYMBaHHA, 
I. u Ww. — JelicrByiollee 3HaueHHe TOKa H YHCIO BUTKOB nomryo6- 
MOTKH IIGPCMeHHOLO TOKA; 
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Jdmomra 06. 
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_ Our, 4. Koucrpyxuua zpoccenei nacumenna. 
_&~—C JBYMA cepfeuHHKaMu, 6—c QQHHM cepseqHHKON. : 
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| 








ur. 6. 3BapucuMocthb C=fi(aw_) Mp aw, =const. 


\ Oper 
200 
+ VPS Gina 37220 BumKob 
507 aA L™ 
os ee , \W\ oT — dna W=|70 bumKob 
VNANY AN : \ 
100 ‘ a \ \ 
\64 ae \2 
\ 
e WANA \ 
ae. WANA 
50 AW=4 \ =o WN 
— << ae 
g 2 b6 6 8 1 12 % Atk 
ur, 5. Bapucumoctb Uper=/(aw..) mpu aw, =const. 
| Uper 
an = 
| 0.14 P= 
Y | 
| 0,12} 
| . e 
| 0104 ~ 
Tania, “cmeman, Weaee lnm AE 
0,08 
| 8 Com 
| 0,06 
| Te, a, Ge es 
| 0,04 | Rs 
| Se Pac ; o— 9 10 
0,02 Fie 
| QW. 
| . 3 Gl Ue 


Sg Se ee 
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l.w l.—cpequne AnMHH cunOBEIX AHHH MarHATHEx none no- 
CTOAHHOrO H MepeMeHHOTO TOKOB (B CH). 


7lelicrByioume sHayenug Use 4 IW 3aMEPAJIHCh C HOMOMIbIO SEKTPO- 
AMHAMHYeCKHX NpHOopos. Ipaduxn cuate mpu yactore 50 ey TAA Wpoc- 
Celf, COOpaHHOro M0 cxeMe, NPHBeLeHHO Ha our. 4,a, Ha cepgeqHuKax 
H3 TpaucopMatopHor cranu (LU-35) ceyernem Q=14 cm? xaxanii. 


C= Sper 
Q 


“a 


Oth} 
QIZ2 
Ql0 
Q08 
0,06 
0.0 


0.02 





0 2 r 6 6 0 8 thaw. 


Our. 7. 3asucumMocts C=f(aw_ ) np aw_.~const. 


Kpupble mpuBeyeHbt Jia YMCA BHTKOB ne€peMeHHOrO Toka w~ =170 y 

W.~ =220 Bunkos. STH rpauKu cnpaBeanuBE LIA aHHOro copta craH 

M YaCTOTHI /; JIMUIb IPH 3aqaHHOM ceqeHHU cepqewnuka Q u onpenenen- 

oad w.. Jaa Toro Hite ese KPHBbI€, SABHCALLHe TOAbKO OT 
a CTaJIH H YaCTOTHI /, HEOOXOAUMO Pa3eNHTD BCe O 

HHaTbl © 

(pur. 5) Ha Qw.. - a 


O per 


Ha dur. 6 u306paxennt KpuBbte C=f,;(aw_) npu aw. =const. IIpu 
9TOM MpeANOMaralOch, YTO BENHYHHOH AKTHBHOLO CONPOTHBIeHHA O6MO- 
— Pee apy aagied acl Jina Toro ¥ro6p oxapaktepu30- 

HCHMOCTb U par OT /narp Ha CUP. 7 NOCTPOeHHI pa = 
F HKH C= 
Np aw. =const. i : = ene 
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Tlon KoopHuUHeHTOM YCHJICHHA ApOccelA 6yeM NOHHM€@TD . 


| AU per 


Ky = AE: (25) 

Torna. KosbuwnertT ycusenua P. O. 3amuuleTca B BARE 
7 ACQw_s : ae 
Kp. o=KySs = Al ’ (26) 


rae S — KpytTu3Ha slammp (cm. pur. 8). 


CXEMA CTABHJIH3ATOPOB 


Ha cur. 8 mpHBeqeHa cxeMa craOumu3aTopa Jin MHTaHHA Ween Ha- 
Kana. UvCNo BKJIOUCHHbIX JIaMM He H3MeHAeTCA, MOSTOMY MOMKHO Cul 
TaTb, UTO BEIHYMHA Harpy3kH CTaOMNMsaTOpa OCTAeTCA nocrosHHoH. Iipn- 





®ur, 8. CxeMa cTaOuusaTopa Wid NHTAHHA yemeH Hakala. 


MeCH@CHHbIM B KayecTBe HenuHenHoro 3ulemMeHTa MOCTa AHO 4IT1M 
MOMMLepKHBAeT MOCTOAHCTBO elicTBy!olllerO 3Ha4eHHaA BbIXOAHOrO HanpA- 
KeHHA CTaGuiusaTopa. B 3ToM clyuae tbopMa KpHBOHM BHIXOAHOTO Halps- 
KeHHa He UMeeT sHayeHus. B Tex cayyaax, Kora WCKaKeHWA (bopMbI 
KpHBOH BbIXOMHOTO HallpaAKeHHA craOumu3zatTopa He AONMYCTHMbI, Ha BbI- 
XO CTa6HusaTOpa MOET OBIT BKIIOUCH (PHJIbTP. : 

VcuNKTeNbHbI OpraH OCYLLECTBAeCH C MOMOLIbIO SEKTPOHHDIX jlaMn, 
oHako culenyeT YKa3aTb, UTO OH C .YCMeXOM MOKET ObIThb 3€MeHEH OJHHM 
KacKaOM MarHHTHOTO yCHIHTeIA. 
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lpy6aa perynupopka Uyerp B CXeMe, TOKaSaHHOK Ha pur. 8, ocyune- 
CTBIA€TCA H3MCHCHHEM YMCA BATKOB NepBHYHOR OGMOTKH TpaHcdopma- 
Topa Tp-1, rowHad — conpotusnennem R,. Pe 
_ Upw Hanagke cxeMbl MOKeT OKa3aTbCA, STO WMAaNasOH HSMeHéHHT 
Usx, B Tpedemax KOTOPOrO NPOHCXOLHT peryupoRaHHe, HeCKOsLKO He 
COOTBETCTBYeT 2KeaeMOMY. B 9TOM Cay4ae CeEAYeT H3MCHHTY YHCIO ‘BHT: 
KOB OOMOTKH MepemMeHHOro Toka Apocceans. IIpu pacuere CTa6HIM3aTOpOR, 
paGoTaioulux Np pa3s/H4HbIX TOKaX Harpy3KH, HeO6XOZHMO: BbIOpatb 
3HaveHHe a C TAKAM PaCyeTOM, YTOOH TOUKH NepeceyeHuA HHH Usernames 
M User min C PASOUHMU XAPAKTePHCTUKAMH Apoccena Hurme He BHIXOAWAH 
3a HX KpyTble yuacTku. B HekoTOpbIx cmyuaax Wenecoo6pa3Ho YacTS Bw — 


U. 6, : U 
: a ™~ Harry 
Bo STR ON 2 
"1@,, 
S oy, 
. i I 
I ose: 0 P< U.yarp 
SHE ’ 
Ip-1 6 | = 


ur. 9. Cxema cra6uansatopa c BHINpPAMJCHHHIM BHIXOMHBIM HallpaxKeHiem., 


CO31aBaTb C NOMOLIbIO OTAebHOM OOMOTKH NOAMarHH4yNBaHHA. W3roTos- 
JICHHBIH 110 CXeMe, IpHBeeHHOH Ha pur. 8, cra6unMsaToOp Nocne TpuaAa- 
THMHHYTHOTO Mporpesa B TeyeHHe 8 yacoB paOoTb! B MOMelNeHHU NOL: 
AEPpXKUBaI NOCTOAHCTBO Usary ¢ TOUHOCTHIO ZO +0,05%/> mpu NocTOAHALIX 
HarpysKax oT 100 mo 400 em u A Uyx=+-10°/o. pu nomuom c6poce ma: 
KCHM@JbHOK Harpy3kH A Userp=0,8%o. Ha dur. 9 npeacrapmena cxema 
CTAOHJIM3aTOpa C BHINPAMJICHHBIM BbIXOJHbIM HallpsxKeHHeM. Takag cxe- 
Ma, oOecneyuBad xopollee peryupopanve, o6aqaer Topa3f0 6onbuIHuM 
KITT, uem o6pmHO MpuMeHseMbIe SeKTPOHHbIe cTaOHIH3aTOpEI Halips- 
*KEHHA NOCTOAHHOFO TOKa, H MOMKET OGECHEYHBAT BbIXODHYIO MOULHOCTE 
Xo | Ker pH Mcnombs0BaHHH Hb OAHOM perynupyiomeft nant. Kpo- 
Me TOrO, € BLIXOa CTaOHIH3aTOpa -MOXKHO CHAT HallpaxKenHe mepemen- 
HOrO TOKa, CTAOHNM3HPOBaHHOe C HeECKOMbKO MeHDbilles. cTerieHbio TOU- 
HOCTH. moe 


fy 
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or PACYET CTABHJIH3ATOPA 
: ; I. Onpejeaenne U ner. som H AU ver, HOM 


Oper. nom ONPeReAeTCA C MOMOLbIO BEKTOPHOH AMarpaMMHL. Ha 
pur. 10 w306paxkeHbI BeKTOPHHe AMarpaMMH Qaida cayuad, Kora 
(PasoBLt yTO P= Ppe,—Puarp MEKAY Hanpsxennamu U,., W Uyary 
papen 90°, uw gaa cayyaa >< 90°. CHayana paccMoTpHuM cay4ali 
Y= 90°. Io ocu a6cuucc oT10xeHAa BeaudHHaU,,,.., KOTOPy!0 AAA TOU- 
HHX CTAGHAH3aTOPOB MOKHO CUHTATh HEH3MeHHOK, Jlia ompemenennA 
U yer, som UPH HOMHHAAbHOM HanpaxKeHHH Ha Bxoze CTaOHM3aTOPa 


J 


ey, 





Uner HOM, 
9 Veer Hom, 
Oper 
Per HOM, 
U 
Uyarp, 
U 
HarP, 5 


ur, 10, BexropHbie AHarpaMMb! peryaTOpa NpH pasHYHEIx @ UY. 


(U ) w3 KoHa BeKkTopa U,,., BOCCTAHaBIMBaeTCA NEPNeHANKy AAP 
BX. HOM Pp E 

lo Nepeceyenua C OKPyXHOCTHIO, paquyc KoTOpoH papeH U,,. yoy. Aaa 
TOFO TOOL OMpeAeAHTb, HACKOAbKO OMKHO u3MeHHTECA U),, pH 
3a\aHHOM H3M@HEHHH HalpsAKeHHA Ha BXOLe, CeAyeT MPOBeCTH HOBYIO 
OKPyKHOCTb, paquyc KOTOPOH PaBHAICA Obl HOBOMY 3Ha4eHHIO HaMpa- 


*KCHHUA Ha BxOZe, H TEM 2%Ke CNOCOOOM ONMpeyeHTbh HOBOE 3Haue- 


Hue U,... 
Ha cur. 10 BeKTOpHHe AMarpaMMbI NOCTPOeHH AAA AByX sHaue- 
Uxarp. 
Haft a= (a, =0,6 uw %=0,8) w u3MeHeHMA BXOZHOFO HaNps- 
i BX.HOM 
*eHUA + 10°/. 
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H3 qHarpaMMb! BHAHO, YTO C YBeJIMYeHHeM a: 


U 
per. 
1) yMeHbUIaeTCA MOWHOCTh ApoccemA Syer, yom = Sarp HOM 


Suarp | 
2) yBe1M4HBaeTCA OTHOWeHHe ———— cTa6uausaTopa. 
BX. HOM 
Ecau He yUHTHBaTb MOUIHOCTb, pacxOlyeMyio Ha ynpapaenne, 
TO pu U,.. HOM 


Harp = Harp _— ( 27) 
Spx. nom Osx, Hom 


a NIpH MOBbILIEHHH HIM MOHMKeHHH BXOAHOTO HalpsAxKeHHA Ha N%/> 


Suarp ; 1002 
Sex: 100 4 2%” 


U per 


3) YBeEAHUMBAeTCA OTHOMeHHe , @ IPM MpPHMeHeHHA, Ha- 


per. Hom 
MpHMep, TpaHCopMaTopHoH ctamm mpoccetb 6yyeT pabotaTh B 
mpeszenax MPAMOAHWHeEHHOH WaCTH xXapakTepucTHku (cM. cur. 5) 70 Tex 


per 
nop, M0Ka ————— He mpesnuuaer 0,3 — 0,4. 


per. HOM 
YKa3aHHBbIMH BbIlile COObpaxkKeHHAMH CeLyeT PYKOBOACTBOBATHCA npH 
BbiOope sHayeHHa a, O6bIHO a MpHHuMaetca paBHEM 0,7--0,8 1. 
Yron% paspen 90°, ecm mpexnonoxuTh, TO COMNPOTHBJIeHHe Harpy3- 
KH YHCTO AKTHBHOE, a COMPOTHBJIeHHe Apoccesig YHCTO HHAYKTHBHOS. Ha 
CaMOM Jleyle yroul }) ObiBaeT paBeH npuMepHo 60-+-80°. Ha bur. 10 npx- 
BEACHO MOCTpoenHe H AA ~<90°, U3 KOTOPOoroO BUAHO, YTO C yMeHDbIe- 


AU 
HEM ) OTHOIWeHHe ———°"' yRenuynBaeTca (H3MeHeHHe yrila b B Hpo- 
per. HOM 
rie a laa HeBEHKO H HM JIA YpOWeHHA MOXKHO mpene- 
peub). 


2. Onpenenenne MOUMIHOCTH Apoccensa 


HoMHHaJbHBIA TOK B OOMOTKe Apoccensa 


S ) | 
I ~HOM —— ame — | (28) 
Harp 


MowtHoctp Apocceda pH HOMHHaIbHOM HanpsKeHHH Ha BxoLe cra- 
OWMH3aTOpa HM HOMHHAJIbHOM TOKe Harpy3Ku 


Sper. HOM Md seis you! ~ Hom | (29) 





? Uem B 66abmux npewlenax MeHseTCA TOK Harpy3KH, T, e. yeM GoLme m, Tem 
MeHbUIeH IPpHXOMHTCA MPHHHMATb BeIHUHHY @, St da ak SS 
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3. Bridop o6bemMa cepaeqdHHKa 


3yayenne Kosppunnenta Cyoy pH HOMMHAIbHOM 3Ha4eHHH BXOAHOTO 
HaNpsKeHHa BbIOMpaeTCA paBHbIM OPAHHaTe CpeAHeH TOYKH MPAMOVIH- 
HefiHoro yuacTka KpHBow (cM. dur. 6), COOTBETCTBYIOWeH BbIOpaHHOH 
BeIM4HHe 


; if 
ao QW, omax* aww min 
aW~ nom = eee hoaraal : 


IIpu Bpl6ope AWA yom CeAyeT YYHTLIBATb, ITO C CFO YBEMYCHHEM- 

1). o6bem cTasM cepeuHHKa Apocceia YMeHbiUlaeTca (cM. HHKe); 

2) o6beM MeJH BCEACTBHe YBeIMYeHHA AW. HW AW YBeMINBAeTCH, 

3) conpoTuBseHve OG6MOTKH NOAMarHHUMBaHuA, KOTOPad ABJIACTCA 
aHOHOH Harpy3KOH perysMpylouleh JaMMbl, YBeJIHYMBAeTCA, B Pesyub- 
Tare wero Mp WaHHoM J... CeTOUHbIe CMeLIeCHHA MOTYT 34XOZHTb B MOJIO- 
MKUTCIbHYIO OONAaCTb. SHaA BeHYHHY Cuom Vio HOMHMHAJIbHYIO MOLJHOCTb 
Ssarstom, MOXKHO ONpPeCMCNUTS HEOOXOAMMBIM OObEM CTaM KaxKAOrO Cepler- 
HMKa JpoccesA. 


Tlozerasaa B BEipaxenne (29) 3HaueHHe Use, yom 43 (24) M y4n- 
aw 


TEIBaA, UTO /~==———_,, TlowyuaeM 
WwW 


lta 


Sper. HOM fo CyouW~Qlawa HOM 7 C wom! ¢p@ 4 W~n0m 
oTkya 
| Sper. nom 


ete ee : (30) 


Cyomn2@@ HOM 


4, Pacuet oOMOTOK Apocceja 


3anaBuluch pa3MepaMH UITaMna cepfeuHuKa uw OnpenenuB LL, Ha- 


BW oy bmw 
XOIMM W =——="~., BaTeM 43 KPHBHIX Ha ur. 6 AAA AW~max 


o~HOM 
H Coin OMPCMeIHeM AW max. BemmunHa TOKAa /—max ONpeweameT THI 
H KOJIM4¥eCTBO PeryMpyIOWMxX aM. SamaBluiuch ero BeAMUMHON, 
HaxXOJHM 


QW nay 
a (31) 


Tomax 


- 3Has cpesHioio AJIMHY BUTKA [cp (CM. Cur. 4a) 4 AMameTp Mpospona 
OOMOTKH NOAMarHH4uHBaHHA, Jlerko HaliTH ee compoTuBseHue. Ecau OHO 
OKaKeTCH TAKHM, UTO HeJb3A OyAeT NOMYAMTS BbIGpaHHoe J max, HE 3a- 
XOMA B OOACTh NOMOKUTEIbHbIX CETOUHDIX CMCILEHHH peryJHpYIolnx 
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aM, TO CHeLyeT YMCHbUIATh AW ~ mou HIM Nepefity Ha Gomi urraMy 
cepeqHuka. | oe ‘ | oo 


5. Onpenenenne K, ux k 


Onpenenum Heo6xonmumyro BemuunHy K, ucxoga u3 Toro, 406 
A Uysrp?/o, BbISHIBACMOe I71-KPaTHBIM H3MeHCHHEM. Harpy3kH, He TpeBbiuta- 
lO 3a aHHOTO AoNycTHMoro 3HayeHHA A Uparp, nont?/o. 


‘Ins storo onpexeuM .BeMIHBY 1: 


a (32) 
Ww 





SHauenne HaxONHTCa Ha dur. 7 kak TaHTeHC HaKJIOHAa KDpH- 


ad 


BhIX Ha KPyTHX yuaCcTKax xapakTepucTHK. [lozcTaBaaa nomyyeHHoe 
: 1 
3HayeHHe 7 B OOuIee BLIpPaxKenHe (22), AA Cry4an hm, mo 3a- 


y 
AaHHBIM 3HAUeHHAM Mm, Imax W AU arp, zon’/o OMPCMEAUM HEOOXOJHMY1O 
Bennunny K,: 


100” (m — 1) 7 _omax 
AU Harp. zon” Oyarp 


K 


y 


(33) 


OnpezeuB U3 BbIpPaKeHuit (23) Hu (26) kosdduuvertn ycurenua VM. O. 
uP. O., HaxoqHM KkosdmuunexT ycusenua Y. O. 


Ky.oKp.o — 


Ky. (34) 


3aTeM HaXOMHTCA OTHOCHTeIbHOe YHCIIO BHTKOB W—» OOMOTKH llepeMeH- 
HOrO TOKa ApoccesA, HalpsxKeHHe C KOTOPhIX BMecTe C Uys, momaerca 
Ha Bxog V. O.: 





k= =, (35) 


IipH BHINOHeHHU STOTO YCOBHA HalpAKeHHe Ha BHIXONe cTra6uH3a- 
TOpa Mp H3MeCHeEHHH BXOAHOrO HalpAKeHHA MpakTHGecKH He OyyeT Me- 
HATBCA, TAK KaK KOS@DuMMeHT cTa6uH3auHH K, (cM. ypaBHeHue (8) ] 

‘Tp 3ToM OyyerT paBeH Hyub. 

IIpn /~=const BpenuwuHa K, B cxeme, npHBeseHHOH Ha pur. - 1,6, 
MOXKeT ObITh BLIOPaHa MPOH3SBONbHO HCXOAAH H3 CXeMHBIX Ccoobpaxe- 
HHH. na Toro wro6nt A Usy=O0, HeEOOXOLHMO JIHUIb BLIMOIHHTD YCJO- 
BHe (35). | 

IipvbeqeHHbIA pacueT MO3BOMAeT MOCTATOYHO NpOcTO Npou3BOAUNTb 
pacuer cTaOusu3aTOpa HalipsAxKeHHA C HEOOXOAMMOM Ila MpakTHyeCKHX 
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WejleH TOUHOCTbIO, 2 HMPHMeHeHHe CXeMbI, MpescTaBsJeHHOH Ha cur. 1,6, 
NOSBONAeT IPH CpaBHHTeIbHO MaJIOH BEMHYHHE KOSPDPHUHEHTAa YCHeHHA 
NOMYYHTb MOCTATOUHYIO CTAOHJIbHOCTb BHIXOAHOrO HallpAKeHHA. 
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Kang, texu, Hayx A, K. TEP-AKOIIOB 


ONTHMAJIbHAA HHJYKTHBHOCTb H MH HHMAJIDHOE 
BPEMA CPABATbBIBAHHA 3JIEKTPOMAFHHTOB 
NOCTOAHHOIO TOKA 


Pacuer aeKkTpoMarHuTa Ha MWHHMaIbHoe BpeMA Cpa6aTbiBaHua 
MMeeT OONbIUOe NpakTHYecKoe 3HayeHHe. IIpo6mema co3qaHua Obicrpo- 
ACHCTBYIOWWUX SJICKTPOMArHHTOB B Ka4eCTBe BaXHEIx MCMOJIHHTCJIbHbIX 
MEXaHH3MOB IIPeACTaBAAeT HHTepec Aig ABHAILMOHHEIX aBTOMaTHYeCKHX 
YcTpouicTs (aBTonHJOTEI, perysTOp EI ABHraTeeh, 31eKTPOMexaHHyeckne 
ycTaHOBKH), a Take Jig MHOTMX Apyrux OTpacleH TeEXHHKH. 

Hecmorps Ha 6onpittoe PaclipOcTpaHeHHe H OTBETCTBEHHOCTb OBICTpO- 
MeHCTBYIOWMX SJIeKTPOMArHHTOB, B HacTOsLee BpeMA HeT KaKHx-nH60 
KOHKPCTHBIX P€KOMCHAalHH N10 BHIGOpy ONTHMAaJIbHEIX napaMerpos 
SJIEKTPOMATHHTOB Jit NOMYYCHHA MMHUMasbHOrO BpeMeHH cpaGaTpIBa- 
Hua. Bonee Toro, mpu pacuere ObICTpoxelcTByIOWHx 9IeKTPOMAarHUTOB 
4WaCTO HCXOAAT W3 OWIMOOUHBIX HCXOZHBIX NOMOKeHUE. 

Hacrosllaa craTba NOCBALLeHa BEIABIeHHIO ONTHM@JIbHBIX COOTHOUIe- 
HHH, O6€CNeyHBaIOLLHX MHHUMaIbHOe BpeMaA CpaOaTbiBaHHA 3J1eKTpOMar- 
HUTA. 

Samaya pacueta ObICTposeHcTByloulero 3eKTPOMarHUTa, B CYLLHO- 
CTH, CBOJMTCH K OllpeeyeHvio MHHUMaJIbHOrO BpeMeHH cpaOaTbiBpaHuA 
MPH 3aaHHbIX 3HaYeHHAX NOTPe6ACMOH MOLLHOCTH H3 CeTH H TIPOM3BO- 
MMOH Toe3sHOH paOoTH, Pemrenve stox 3anau B.OOIeM BHC NOJKHO 
ObIThb NPOH3BeLeHO Ge30THOCHTEIbHO K KOHKPeCTHOM KOHCTPYKILHH 9V1eK- 
TPOMArHUTa, YTO HE NO3BONAeT YYeCTh pA BTOPOcTeNeHHEIX (bakTopos. 
Tak, HallpuMep, 1pH HeusBecTHOH KOHCTPyKUMH SIEKTPOMAFHHTa HeNb3A 
yuecTb NOTOKH PacceAHHa H BbIIYYHBaHHA, HaCbILeHHe CTaJIM, BUXpeBbie 
TOKH H T. J. 


HloctaphenHas 3anaya B o6ulem Buze pellamach Np CeNyIOUIHXx 10- 
NYUeHHAX: | | 
I) noroxu paccesuua u BbINYYHBaHHA OTCYTCTBYIOT; 


2) MarHuTHOe CONpoTHBseHHe riaBHoro paOouero 3a30pa nponopuvo- 
HaJIbHO ero JJIHHe; 


3) MarHuTHaa cHcTema He HacbIlleHa; 
4) oTcyTcTBy!oT BUXpeBble TOKH H NOTepH Ha rucTepesuc. 
' pu uspectHo# Koucrpykuwa 3JI@EKTPOMArHHTa OOJIbUIHHCTBO 43 3THX 
AONYULCHHH MOKHO y4ecTb, a WIA OblcTpomelicTByIOUlMx SeKTPOMAarHH- 
TOB OHH B SHAHTebHOW CTeNeHH COOTBETCTBYIOT JelCTBHTeBHOCTH. 
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Jlunamuka 3eKTPOMAarHHTOB Mp STUX AONYMCHHAX MONHOCTHIO OPE 
jeIAeTCA CACLYIOWMMH BeHYHHaMH: 

U — npvnomwenhoe HalipsaxKeHHe CeTH, 

R — akTuBHoe CONPOTHBMeHHe KaTYWIKH 9JIeEKTPOMArHHTAa, 

P,— NpoTHBosehcTBylollad CHa; 

$9— HauaJIbHbIH 3a30p; 

W — UHCNO BHTKOB KaTYyUIKH 3JIEKTPOMarHATa, 

S — noulaip ceyeHHaA AKOPA JICKTPOMArHHTAa, 

m — Macca aKOpa HW Apyr¥Xx NOABHKHBIX yacTeH. 

Ha30BeM 3TH BeJIHMUHHbI OCHOBHOLIMU napaMmeTPAMU, OTepUpyA KOTO- 
PhIMH, MOXKHO PacCMOTPeTb BOMpOCh! AHHAMHKH 6e3 yueTa BTOpocTeneH- 
HbIx (PakTOPOB, CBASAHHBIX C KOHKPeTHOH KOHCTpyklweH 9eKTpoMar- 
HUTA. | 

B o6uiem cayyae AMHaMHKa 3JeKTPOMArHHTOB, Kak H3BeCTHO, Xa- 
pakTepH3yeTca CJIeLyYIOUMMU ABYMA ypaBHeHHAMH: 


U=iR+ 2; (1) 
d?x dx | 
ad P. (x oh i (2) 


re x — yb, MpOXOAMMBIM AKOpeM 3JIeEKTPOMArHHTAa, 
P.—cuna mpoTusosetcTBua, 3aBucAlllad B OOUeM Clyy¥ae KaK OT 
TlOMOMCHUA AKOPA, TAK H OT eFO CKOPOCTH, 
P,— TaroBas CHa 3/IeKTpOMArHHTa. 


C yyeTOM MpHHATHIX JONyUeHHH 9TH YpaBHeHAA MoCe pana npeoo- 
pa3OBaHHit MOXKHO IIpeACTAaBUTb B CeMYIOULeM BHAE- | 


eX , 


: di : 
ae oie 3 
U iR+L— +i re (3) 
dx 
Poem the (4) 
Tye HHAYKTHBHOCTb 3JIEKTPOM arHuTa 
L= +" w, (6) 


i, x, 8, L, Po— TeKyulMe 3HaYeHHA BeHYHH, COOTBETCTBYIOUIMX onpeyle- 
H@HHOMY MOMEHTY BpeMeHH B Mpollecce ABHKeHHA AKOPA. 
IIpu srom cbopMy.1y TATOBOH CHJIbI 9eKTPOMAarHHTA 1 
1 .. ab 
P= — — f* — (6) 
2 db 
BeCbMa BaXKHO TIpeACTaBUTb B TaKOM BHIE: 
L 


| oo 
ea art | (7) 


' [[punata aGcomoTHaa MpakTHuecKkad pallHOHamM30BaHHad cucTeMa, 
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Ypapuenua (3) 4 (4) xapaxrepusyloT mpowecc Kak ‘BO BpeMs# BB 
2KeHHA AKOPA, TAK H AO ero Tporanua. B nocnmegHeM cily4ae 9TH ypaB- 
HeEHHA MPHMYT BH A sg ee 


U=iR+L,—, | (8) 
on A he me 8 ae 7 
Lele <p, (9) 


rae Lo— HHAYKTHBHOCTD IIpH HaYabHOM 3a30pe. 


B MOMeHT TporaH¥sA AKOpA, OYeBUAHO, TOK paBeH 





; 2P.d) oe 
as oe (10) 

‘Popmysa (7) noKasbisaet, YTo TATOBaK CHJla SAeKTPOMArHHTa IPH Tipo. 
4HX PaBHbIX YCAOBHAX NPONOPUMOHAabHa HHAYKTHBHOCTH. CreqoBaTesb- 
HO, C YBeIMYCHHEM HHAYKTHBHOCTH MpH NOCTOAHHON MpoTHBOTeHcTByI- 
eH cule [CM. ypaBHeHHe (4)] cooTBeTCTBeHHO yBeNHM4HBaeTCA «KUBAA 
CHa», T. €. YMeHbillaeTca BpeMa CpaOaTbipaHua. C mApyro cTopousi, 
YBeMYeHHe MHAYKTHBHOCTH, KaK H3BECTHO, BeeT K YMEHbINeCHHIO BeIH- 
4HHbI TOKa B KaKAbIf JAHHbIM MOMCHT BPpeMeHH. YMeHbUIeHHe TOKa xe 
COOTBETCTBEHHO BeleT K YMCHbIICHHIO TATOBOH CHAbI 9IEKTPOMarHHTa, 
T. @. K YBeJIMYeHHIO BpeMeHH cpaOaTbIBaHna, | 

Takum oO6pasoM, MpHXOMHM K BaXKHOMY BBIBOLY, 4TO CyulecTByeT 
HEKOTOPad ONTUMANGNAA UNOYKTUBHOCTb, KOTOPaa OGecneunBaeT MUNU- 
MANbHOe BPeMA CpabaToleanua. 7 | 

K 9TOMY Ke BLIBOLY MOMKHO NPHATH MU APyruM TyTeM. Ypasueune (10) 
MOKA3bIBaeT, UTO C YMCHbILNEHHEM HHAYKTMBHOCTH TOK TpOoraHuA yBesH- 
uHBaeTCcH. Ilom0%KHM, YTO HHAYKTMBHOCTb -YMeHbIleHa JO Tako BeHYUH- 
Hbl, IpH KOTOPOH TOK TpOraHHA CTaHOBUTCH PaBHLIM YCTaHOBUBILeMyCcA 
3HayeHHt0. IIpu sTOM, KOHe4HO, 3eKTpOMarHHT He Cpa6aTHIBaeT, 160 
TATOBad CHJla efO He MpeBblillaeT NpOTHBOAeHCTBYIOUeH CHIBI, a paBHa 
eH, T. €. 3IEKTPOMArHHT HaXOMHTCa «Na Npedene cBoux BO3MONCHOCTEL». 
PexkuM STOT XapakTepH3yeTCA paBeHCTBOM 


l L 


rye /y— ycTaHOBMBLIMiica TOK. 


QITOMY PeXKMMY COOTRETCTBYeT OMpemeneHHaN MUNUMANOHAA UNOYK- 
TUBHOCTH 


OP .B 
iar ae (12) 
y 


IIpu sToH HHAYKTHBHOCTH 21eKTPOMArHHT He cpa6oraer (Bpema cpa- 
OaTbIBaHHA t,,=00). 


ONeKTPOMArHUT HayHHaeT pa6oTaTb MpH MaJefllem yBeNHYeHHH TOL 
HHAYKTHBHOCTH. [12 1:060ro KOHeYHOrO 3Ha4eHHg HHAYKTHBHOCTH BpeMA 


cpaOaTbiBaHHa, OYeBHAHO, OyseT UMeTb KOHeEHOe 3HaqeHnHe. 
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Jina caywan 
Lo = 00 
6yleM HMeTb 
top OO," 


37o BHAHO H3 ypaBHeHusx (8); mpH GOecKOHeYHOK HHAYKTHBHOCTH 
BNOJIHe MOMKHO MpeHeOpeub AKTHBHbIM COMPOTHBeCHHeEM HM TOrZa 


. U 
i= (13) 


0 


CnegqopaTesbHO, Ziq 06oro KOHeYHOTO MIpOMeKYTKa BPE€MeHH TOK 
paBeH HYyJ0, T. €. paBHa HyJli0 HW TATOBAA CHa 9IEKTPOMAPHHTa. 
Mrak, B DYHKUMH 


tep=f (Lo) 


Ipewenbuble 3HaveHua aprymMeuta Ly oOpatlaioT 9Ty PyHKIUMIO B 6ecKO- 
HeyHocTb. EcTecTBeHHO MpeaMoOKUTb, YTO PYHKIUHA MPOXOAUT yepes 
HeKOTOpOe MHHUMasbHoe 3HayeHHe. MHAYKTUBHOCTD, Ip KOTOpOH BpeMsA 
cpa6aTbiBaHia HMeeT MHHHMaJIbHOe 3HaeHHe, HaSOBeM ONTUMANOHOU. 

Jlaa oOnTHMabHOro 3HaYeHHA MHAYKTHBHOCTH HauaJIbHbIM 3a30p 
QICKTPOMArHHTa MpewMonaraeM 3aaHHbIM HW BHOHE OMpeeleHHbIM. 
CnenoBaTeibHo, TONY4YaeM OMTHMAaJbHble 3HaYeHHA TOWAaqA CeveHHa 
AKOPA HM YHCa BUTKOB KaTywKH (cM. popmyvly (5)j. B camom Jeue, u3 
BCeX B@JIHYHH, BXOAWMX B HCXOMHbIe ypaBHeHHA WHHAMHKH (3 4u 4), 
TOJIbKO [Be B@IHYHHbI — TATOBAA CHa 3JCKTPOMAarHHTa HM HHAYKTHB- 
HOCTb — BKJIOUaIOT B CeOA YHCIO BUTKOB H CeYeHHe AKOPS. 

B mopmysy TaroBpot cub (7) HW B BbIparKeHHe HHAYKTHBHOCTH (5) 
BXOLAT KBal[paT UHCa BUTKOB HM MepBag CTeleHb CeYCHHA AKOPA. 

IIpu ycroBun, 4TO 3a30p ABAAeTCA 3ANaHHONM BEMMYHHOK MOMKHO MOIb- 
3O0BaTbCA YKC H3BECTHBIM MOHATHEM HHAYKTHBHOCTH H HCKaTb e€€ OMNTH- 
MaJibHoe 3HayeHHe. 

Hi3pecTHo, uTo BpeMa CpaOaTbIBaHHA COCTOMT H3 BpeMeHH TporaHHA 
MW BpeMeHH ABH KCHHA 


top = tp tito. (14) 


Haiimem onTHMaJIbHOe 3HaYeHHE HHAYKTHBHOCTH JIA MHHHMaJIbHOrO 
BPeMeHH TporaHus, T. €. BPEMCHH C MOMCHTA MpHJIO*KeHHA HallpAKeHHA 
K OOMOTKe 9JIEKTPOMAarHHTa JO MOMeHTA TporaHia AKOPA. 

V3 ypapnenua (8) aerkKo MOXHO BLIBeECTH H3BeCTHYIO PopMy.y Bpe- 
MeHH TPOTaHHA 

ne es ee (15) 
R Ty — inp 

IlycTb 3aaHbl: 

1) norpe61seMasa MOWHOCTb u3 ceTH UI,; 

2) monesHaa paOora, NpOHSBOAMMaA 3/eKTPOMArHHTOM, P80; 

3) HanpsoxeHue cetu U. 

Tpe6yeTca ONpeseHTb ONTHMAJIbHbIe YCJIOBHA AIA MOVYYeHHA MH- 
HHMaJIbHOro BpeMeHH TporaHHA. : 
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TloncTaBuM B ypaBHeHve (15) sHayenve ToKa TporaHug (10): 


I y 
fies / 2P.b, 
Ly 


B nocyleqHeM ypaBHeHHH BCe BeIMYHHEI, 3a MCKIOUeHHeM HHAYKTHB- 
HOCTH, ABJIAIOTCA 3ANaHHbIMH. 3 sToK POpMyIbI BHAHO, YTO C yBeH4Ue- 
HH€M HHAYKTHBHOCTH BpeMa TporaHua, C OAHOH CTOPOHHI, yBeHUHBaeTCaA 
3a CY€T YBeJIMYCHHA NOCTOAHHOH BpeMeHH, a C Apyro,— yMenbiuaetca 
3a CHET YMe€HbUICHHA TOKa TpOraHHA; MPH YMeHbIeCHHH MHAYKTHBHOCTH 
MpOWCXOAHT OOpaTHoe ABeHHe, 3HaUHT, NEHCTBHTEMbHO, MOXKHO UCKATS 
ONTHMAJIbHY!0 HHAYKTHBHOCTD. 

B coorsercTBuv c BbIpaxKeHHem ( 12) Mp MHHHMaIbHOR MHAYKTHB- 
HOCTH TIOJyuYHM 





tp =ln 


(16) 


Lap = OO. 


Iipn L™* = co nomyyaerca HeonpemenesHocTh Bua 


typ = 00 - 0, 


Packpbipan HeonpezeneHHocTs no npaBuay Jlonuraaa, NIpHXOAUM K 
paHee NoulyyeHHomMy pesysbTaTy 


lim ¢,, = lim (ere VI}=0n. 
L> x L > 0 U 


Alif# HaxOwK2eHHA ONTHMAabHOH HHAYKTHBHOCTH BO3bMeM TlepBy!0 
MPOWSBOAHYIO OT BpeMeHH TporaHia (16) NO HHAYKTHBHOCTH HW NpHpaB- 
HAeM ee Hywi0. OnycKkan Bce NpoMexyTOUHble OnepalMu, Halluiiem m0- 
JIYYeHHoe B HTOre BbIpaKenne ONTHMAMbHOH HHAYKTMBHOCTH: 


ont og $,92Pebo 


(17) 


y 
CpaBHuBas 3TO BbIpaxKeHe C BbIpaKeHHeM (12), HerpyaHO 3ame- 
THTb, 4TO: 
ont min 
Ecau NOMCTaBHTb BbIPaKeHve ONTHMAaIbHOT HHAYKTHBHOCTH (17) 


B dopmyay (16), To nonyaum ucKomyto (OpMy.ly MHHHMaJIbHOrO Bpe- 
Me€HH TporaHna: 


— 4,92P.3,  4,92P.8 
sebagai all PO oa 9 (19) 
2 9 
BR Uly | 
rae P, BbIpPawKeHa B HBIOTOHAX, Sy— B MeTpax. 


| @opmy.ia (19) moKkaspiBaet, uro MHHUManbHOe BpeMa TporaHuaA 3a- 
BUCHT OT NOABOAHMOH MOLIHOCTH H3 CeTH HW NPpOH3BOZHMOn 3JIEKTPOMar- 
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HUTOM novesHOn paboTH. Jia mpakTHyeckux pacueToB aTy dopmyay 
yho6uee MpeAcTaBHuTb B CJleMyIOWeM Bue: 


min _0,483Pc8) _ 0,5P cdo 
ae Ul, © Uly ’ 


roe P. pbipakena B KI’, 8 — B CM. 


(20) 


Heo6OxoXHMO OTMETHTb, UTO TIPH H3BECTHOH KOHCTPYKIUMH SJeKTPO- 
MarHHTa MOKHO HaiTH OMTHMAJIbHYIO HHAYKTHBHOCTb H MHHMMAaJIbHOe 
BpeMA TporaHuA C€ yYeTOM NOTOKOB paccexHHsA, BbIIYYHBAaHHA UM Mar- 
HUTHOTO COMpOTHBeHHA JOObIX NapasHTHbIx 3a30poB. J]a sToro HeOO- 
XOJMMO PaCC4HTaTb MAFHHTHY10 Leib MPH HavabHOM 3a30pe SJIEKTPO- 
MarHuTa, Halitu HeEOOXOAHMble KOS@PUIMeHTHI, YYHTbIBaIOIHe BCe Mepe- 
UHCJICHHbIe (aKTOPbl, H BBECTH HX B HCXOMHOe ypaBHeHHe BpeMeHH 
Tporanua (16). 3aTeM aHanOrM4HbiM O6pa30M MOXHO HaliTH BbIpPaKeHAA 
ONTHMabHOM HHAYKTHBHOCTH A MHHHMAaJIbHOrO BpeMeHH TporaHHA. 

Eciu B 9JIEKTPOMarHHTe HMeeTCA HeMA@rHHTHag MpoKaskKa, T. e. Ha- 
YaIbHbI BOSLYWIHbI 3a30p Gomee paOouero xOfa AKOpA, TO B PopMyax 
(17) u (19) nomxKeH cburypHpoBaTp HadaJIbHbih 3a30p. 

B mpakTuke MOryT BCTpevaTbea CydaH, Kora NpoTHBOMeKCTByIOMlar 
CHa B 3€BHCHMOCTH OT XOJ,a AKOPA H3MeHAeTCH NO CaMbIM pasHooopas3- 
HbIM 3aKoHam. B 9Tux cayyanx B dopmyspt (17) u (19) cnenyeT no”cTas- 
JATh HaYaIbHble 3HAYCHHA NPOTHBOLeHCTBYIOWeH CHIbI; B MoceqHe 
MOXKHO yUeCTh TaKKe HW CHJIbI TPCHHA MOKOR. , 

Ecnu uMeetTca onpefeeHHad KOHCTpyKIHA SIeKTpOMAarHHTa M 3ala- 
Ha nOllatb CeYeHHA AKOPA, TO H3 BbIpaxeHHy (5) uw (17) Merko HavTH 
ONTHMaJIbHOe YHCAO BHTKOB Jif MHHHMAJIbHOTO BpeMeHH TporaHua. Tak, 
Jian 2JIEKTPOMArHHTa C OLHHM paOOuHM 3a30pOM BbIpaKenve IIA OMNTH- 
MaJIbHOrO YHCIa BATKOB MPeACTaBHTCA B CJIELYIOWIeM Bue: 


1,988, f Pe 
WONT az —., 21 
7 | Iy | oS ( ) 


BreenHem COOTBeTCTBYIOUIUX PACYeETHBIX KOSPDHUMEHTOB 3MeCb TakKe 
MOXKHO YUECTb TOTOKH paccexAHHaA HW BHINYYHBaHHA. 

Ecnu nogcTaBuTb BbIpPaxKeHve ONTHMAJIbHOM HHAYKTHBHOCTH (17) B 
(bopmymy Toka TporaHua (10), To nowy4HM 


ino = 0,714. (22) 


Ito osHayaeT, 4TO TIpH NpaBHJIbHO NOAOOpaHHOM 3HayeHHH OMTH- 
MaJIbHOH MHAYKTHBHOCTH Jind MHHMMAaJIbHOrO BpeMeHH TporaHHA TOK 
TpOraHHd AOWKeH COCTABIATS 71°/o OT YCTAHOBHBIUETOCA TOKa. 

Taropyio CHy, pas3BHBaeMyIO 3JIEKTPOMArHHTOM IIpH HavaJIbHOM 3a- 
30pe H IPH TOKe, paBHOM YCTaHOBHBUIEMYCaA 3HaYeHHO, Ha30BEM MQKCU- 
MQAbHOU TAZOBGOK CUAOL 2IIEKTPOMATHHTA: 


ax 12 Ly 
PS woe ae _ 8) 
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Ecam; W00CTaBHM’B 3TO BbIpawkeHHe 3HaYeHHeE ONTHMAJIbHOM HHAYKTHB- 
HocTu (17), To nozyuuM 


Pe = 1,96P, (24) 


T. @. B ONTHMAJIbHOM pexKMMe NPOTHBOReHCTBYIONag CHa NOYTH BABOe 
MeHbIUe MAKCHMAJIbHOK TATOBOH CHJIbI 3IEKTPOMArHHTa. 


OnpezeiHB ONTHMAIbHbIe COOTHOWICHHA Aid MHHHMAJIbHOrO BpeMeHH 
TpOraHHaA, HETPYTHO 3aMeTHTb, YTO NOAOOHHe COOTHOMIeHHA MOXHO N0- 
NYWHTb H [JIA BPCMCHH JBHKEHHA, CCIM HM€Tb aHaJIMTHYECKYIO 3aBHCH- 
MOCTh BPC€Me€HH JBHXKCHHA OT BCEX OCHOBHBIX MapaMeTpoB. OTH OMTH- 
M@JIDHBI€ COOTHOWCHHA [Jin MHHHM@JIbHOrO BPeMeHH TpOraHia HU ABH- 
CHUA ABIAIOTCA OCHOBOM Asin paspa6oTKH OOuIMxX MeTONOB pacyeta 
ObICTPOAEHCTBYIOWINX SNeKTPOMarHHToB. Ho Bce 3TH BOMPOCE! BNOMHE ¢a- 
MOCTOATCJIbHbI HW. TpeOyloT ChelHasbHOrO paccMOTpeHHA. 

Hallld BbIBOAbI O CYLLECTBOBAHHM ONTHMAIbHO MHAYKTHBHOCTH, B 
YAaCTHOCTH, ONTHMAJbHOFO 4HCIa BHTKOB (cM. (21)], NO3BONAIOT yKa3aTb 
Ha cileaytoiee BaxkHOe OOcTosTembCcTBO. TlonaTHe «amMMep-BATKH» HHUKaK 
He MOSBOJIMTCJIbHO MPHMECHATb MPH PaCCMOTPeHHH BOIIpOCOB AHHaMHKH 
SJ@KTPOMArHHTa, TaK Kak CHJla TOKa H YHCO BHTKOB He BCerma HrpalorT 
ORHHaKOBylo poub. B CamMoM Jee, ECAH C YBeNMYeHHeEM YCTaHOBHBUIe- 
roca 3HadeHH# TOKa BpeMa CpaOaTbIBaHHa Bcerla yMeHbillaeTcn, TO Cc 
YBeJIHYeHHEM UHCa BHTKOB 3a MIpesesbl ONTHMAJIbHOrO 3HaYeHHA BpeMA 
cpaOaTbipaHua yBenuunBaetca. IlonaTHe «ammep-BATKH» MMeeT CMBICH 
JHIb IpH PpaCCMOTPeHHM CTATHYECKHX TATOBbIX XaPaKTePHCTHK. 
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Kana. texu, nayk A. K, TEP-AKOIOB 


AHAJIH3 METOJLOB PACYETA JHHAMHYECKHX 
XAPAKTEPHCTHK 3JIEKTPOMAFHUTHbIX MEXAHH3SMOB 


OBULHE CBEEHHA HW 3AJ,A4H PABOTHI 


[aBHbIM Ha3HayveHHeM JIOOOTO ZeKTPOMArHHTHOTO M€XaHH3Ma AB- 
JIACTCA CO3TaHHe ABHXKCHUA, MOSTOMY NOJHY!IO XapaKTepHCTHKy ero MO- 
ryT aTb HM€HHO AHHaMuYecKHe xapakTepucTuKH. Han6onee BaxKHOH B 
IIpaKTHYECKOM OTHOWECHHH XapaKTePHCTHKOH ABJIAeCTCA BPCMA ABHIKEHHA 
NOMBHXKHOrO OpraHa (AKOps) aueKTpomMaruuta. Jia NomHoro onpenese- 
HAA JLHHAMHYeECKOLO PeKHMA TOCTATOUHO HMECTb ABE 3A2BHCHMOCTH: 


i=f(t) u x=](é), 


rae i— TOK B OOMOTKe 3JIeEKTPOMArHHTa BO BPeMA TBHKeEHHA CFO AKOPA, 
x —TlyTb, IpOXOAMMbIh AKOpeM. 


Ilo 9THM Tak Ha3bIBaeMbIM 21a6HbiIM OUNHAMULECKUM XAPQAKTepUucTuU- 
KQM MOXKHO HauiTu WOObIe Apyrve 3aBHCHMOCTH, Kak, HallpHMep, 


Pa=[(t) u ¢=f(), 


roe P,— TATOBaA CHa JICKTPOMArHHTa BO BPpeMA ABHKCHHA AKOPH, 
} — Tekyllee 3HAYeHHE MOTOKOCICMJICHHA. 


Pacuer 2HHaMMUeCKHX XapaKTepHCTHK ABIAeTCA HavOosee Tpy HoH 
yaCTbIO O6iero pacueTa BCAKOTO 3eKTpOMarHHTa. OCHOBHaA TPYAHOCTb 
3akIOUaeTCA B TOM, YTO B TIpollecce ABHKeHHA AKOPA MeHACTCA MAarHHT- 
Has MpOBOXMMOCTb BOSLYIIHOTO 3a30pa. ro BeleT K H3MCHEHHIO Mar- 
HHTHOrTO NoTOKa, NosToMy, Kpome OTC caMOvHAYKUMH, NOABIAeTCH elle 
Tak Ha3pipaeMaa QJIC mzBuxenua. Tlocequaa, B CBOIO OWepeyb, TAaKKE 
BeleT K H3MCHeHHIO TOKa, OTCIOa — K H3MCHEHHIio CHIE, pa3BHBaemMon 
9JIeEKTpOMArHHTOM. OT STO CHJIbI, COOCTBEHHO, 3ABHCHT 3aKOH [BH KeHHA 
AKOPA, T, €., B KOHEYHOM HTOTe, 3aKOH H3MCHEHHA MarHvTHOH MpoBosH- 
MOCTH BO3ZyuHOrO 3a30pa. M3 cka3aHHOrO BHAHO, ITO JeEKTPHYeCKHe 
Mmpoweccht B OOMOTKE 9JIEKTpOMarHHTa HaxOJATCA B TeCHOH H CJIOKHOU 
B3aHMOCBA3H C MeX@HHYeCKHMH MpoweccaMH, OOYCOBJCHHEIMH JBHXKe- 
HHeEM AKOPA. 
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ae ey 


B o6uiem cilydae ;uHaMHKa SJIEKTPOMArHUTOB xapakTepHusyerca Cule- 
AYIOULHMH ZBYMA YpaBHeHHAMH: | 


= inf. 4 
U=iR+— ; | GQ) 

=mf*4p ly & 7 
Pama tP.(2 S), — 


rae RK — compoTupaeHue kaTyliKu SNCKTPOMarHHTa; 
m — MaCCa NOMBHKHBIX WacTe XIEKTPOMarHHTa; 
Po— cujia MpOTHBOselicTBHA, 3aBHCALIad B O6LIeEM clyyae KaK OT 
NOVIOKECHHA AKOPA, TaK HM OT eFfo CKOPOCTH. 


ITH ypaBHeHHa HeAHHeMHEIe H TOUHOe pellieHve HX OOBIUHEIMA MeTO- 
AaMH He IIpeACTaBAAeTCA BOSMOXKHBbIM. Ecau axe mpene6pey, cuamMu 
NpOTHBOReHcTBHA (P-), He rOBOpa yxKe O NpeHeOpeKeHHH TAKUMH BTO- 
POCTeneHHbIMH PakTOpaMy, Kak paccesHue, HacbIleHHe cTanu, aABNeHHE 
PuCTepesHCa, BUXPeBble TOKH HM Jp., TO BCe paBHO ypaBHeHHA 3TH He 
NOAMalwTcA TOUHOMY peilleHuto. 

B ciJly H30%KeHHOrO BbIWe pasIMYHble aBTOPEI Npeanaraior camble 
pasHooOpasHble MeTOAbI pacueTa MHHAMHYECKHX XapaKTepHCTHK, OTIH- 
WaroulHeca APyr OT Apyra Kak MOAXOA0M K pa3pelleHHio 3aya4uH, Tak 
H NPHHATDIMM DONYUeHHAMH. B 3aBHCHMOCTH OT COOTBeTCTBHA” AONYyule- 
Hu, NPHHATEIX B TOM WJM HHOM MEeTOse pacueTa, peasbHBIM yCJIOBHAM 
paOoTbl SeKTpOMarHHTa, pacueTHble WaHHbIe MOryT MHOrAa B- 3HaqH- 
TebHOH CTEM€HH OTIHUATHCA OT ONbITHBIX. Tem He MeHee, OOJIbUIHHCTBOM 
aBTOPOB HE AaloTCH KOHKPeTHble YCJIOBHg NPHMeHeHHA Mpeaaraembix 
HMH M€TOZOB, HHOra O HeKOTOPbIX AONyWeHHAx BOOOUle He ynomu- 
HaeTca. Bowlee Toro, cyillecTBy!OT MeTOAbI pacueTa, KOTOPbIe HUKaK HeMb- 
3 PCKOMCHAOBATb AIA MPpakTHYeCKOrO HCNOMb3OBaHHA. 

OgHako B AuTepatype nmoyTH OTCyTCTBYIOT KakHe-s1H60 KPHTHYeCcKHe 
SaMe€4aHHA M0 CyUeCTBYIOWMM MeTOZaM pacueTa, HeT KOHKPeTHBIX yKa- 
3aHHH Ha YCROBAA, Ip KOTOPHIX Wemecoo6pasHo MpHMeHeHHe TOTO HAH | 
HHOrO MeTOZa. ITO B 3HAYHTebHOM CTeNeHU 3aTpyAHAeT Ux npakTuye- 
CKOe HCHOIb30BaHHe. | 

| B HactTosieh pa6ote cyenaHa monbitKa NpOaHasH3HpOBaTb CYILLe- 
CTBYIOUIME METOABI PacueTa H ONPeeIMTb, MPH KaKHX YCAOBHAX BO3MOK- 
HO MIpakTHYeCKOe HCIOJb3OBaHHe KaxKOrO M3 Hux. Kpome Toro, cra- 
BHTCH 3aava BBIACHHTb, BOSMOAKHO JIM aHaMTHYeCKOe onpemeneHHe 
ONTHMAJIbBHOK HHAYKTHBHOCTH, CyIIeCTBOBaHHe KOTOpOH ycTaHOBAecHO B 
NpeAbikyuleh CTaTbe, Ha OCHOBaHHH H3BECTHBIX Me€TOROB pacueta Bpeme- 
HM ABHKeCHHA AKOPA JJICKTPOMALHHTHEIX MCXAHH3MOB. 


KPATKHH OB30P METOJIOB PACUYETA, MPEXJIOSKEHHbIX 
na ~PA3JIHYHBIMH ABTOPAMH 


Hecmotpa Ha 6oubuoe pasHooOpasue MeToqoB pacueTa AHHAaMHYe- 
CKHX XapaKTePHCTHK, HX MOXKHO pasfeJHTb Ha Be rpynnbl. 

K nepBoi rpyntie orHeceM METOABI, 10 KOTOPLIM BeCb mpouecc JHuHa- 
MHKH pa3yeimeTcCA Ha PAL Y4aCTKOB; Takoe pasazenenue NosBoNAeT Ha 
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KaXKJOM YUaCTKe yCpeMHHTh pacCMaTPHBaeMble BeJIHYHHDI. Kaxkabli Ta- 
KOH yYaCTOK CBASbIBAeTCH, KOHE4HO, C MpeMbIMyIIHM MH MOCCHYIOULMM 
yuacTkom. Merofbl 3TH MOryT ObITh H rpadHyecKuMA, H rpado-abaJH- 
THUCCKHMH, H aHaJIHTHYeCKHMH. B Hux ellie HHOrAa HCMOb3yeTCA MpHH- 
UHM MOCHeLOBATeAbHEIX MpHOmHKeHHH. OTJHYMTeEbHbIM TIPH3HaKOM 
3THX M@TONOB ABJIAeCTCA TO, YTO OHH He AaiwoT OOWMX MaTeMaTHYCCKHX 
BbIPAKeHH Bq HCKOMBIX JMHAMHYCCKHX XapaKTEPHCTHK. Ha30BeMm 9TH 
METOIbL METOOGMU NOCACOOBATEALNDIX UHTEPBQANOB. | 

Ko sTopoit rpymme oTHeceM MeTOAHI, Jalolive OOMIHe MaTeMaTHYECKHe 
BbIPaKeHHA KHHAaMHYeCKHX xapakTepHcTHK. [lockovlbky nmuddepexunaJb- 
HbIe ypaBHeHHA JMHaMHKH, KaK MBI yoke TOBOPHI, HE TOMMAaloTCA TOU- 
HOMY MaTeMaTHYeCKOMY PpelIeHHIO, TO 9TH MeTOMbI OCHOBaHbI HH Ha 
CYLIECTBeHHbIX JONYWLCHHAX WJM Ha HEKOTOPbIX YIPOUeHHAX Pea/IbHOrO 
mpouecca HHaMHKH. Ha3s0BeM 9TH MCTOMbI AHAAUTUMECKUMU. 


Merombl noceqOBaTeBHbIX HHTepBaJoB } 


Mertrog Ilwaepa?. Merog ocHoBaH Ha TOM, YTO BPpeMa ABHKE- 
Hud pasOuBaeTca Ha OOblOe YHCNO HHTePBaOB, a BeJIMYHHbI CKOPO- 
CTH, BO3AYWIHOrO NpOMeXKYTKa, HHAYKUMM HM TOKAa PpaCCdHTbIBaIOTCA OT 
OMHOrO MHTepBasa BpeMeHH K Upyromy. M3meHeHHa BCex STHX BeM4HH 
Ha IIpOTAKeHHH Kakoro-HOO MHTepBala BPeMeHH YUHTHIBAIOTCA B NO- 
Ce RyIOULHX HHTepBasax. 

IIpu pacuere mpeHeOperaioT NOTOKaMH pacCeAHMA, BUXPCBbIMH TOKa- 
MH MW CHlamu TpeHus. Kpome roro, Ilrosep npegnosaraet, YTO HHAYKUHA 
OMHHaKOBa MO TOPILy cepAeqHHkKa. 

Mcxo2HbIMH ABJIAIOTCA CIeAyOlwve ypaBHeHHaA: 


et. 108 








ree B : : 
By as ae 1) (3) 
B 2 
P = S; 4 
: 5000 (4) 
¢-9,81 
G 
rae 
B, w B,—vuAyKuuM B Ha4aie MB KONE MHTepBasa (2c); 
e=U —i,,R—cpeaHad HHJYKTHPOBAaHHad SITIC (8); 
G—o6umi Bec NOABAKHEX uacTeh (K2); 
Ny sed wi — P,—cpeaHHii H3OHITOK Pa3sBHBaeMOH CHIBI Hay CHI0H 


2 
NpOTHBOACHCTBHG; ~ 
P., u P,.—CHabl, pasBHBaeMble AKOPeM B Hatae HB KOHILC 
HHTepBana BpeMeHH (x2); 
AvV—rpupauleHve CKOpOCTH 34 aHHBIM HHTepBa 
BDeMeHH. | 


| B onucaHuy BCeX MeTOAOB pacueTa NPHMeHeHLI OHH H Te Ke OyKBeHUBIe o60- 
3HaueHHA. CuCTeMbI CHHHL, NPHHATbIC aBTOPaMH MeTOAOB pacueTa, COXPaHEHE, 
2 Schiiler, Die Wirkungsrad des Elektromagneten, ETZ, S. 613, 1913. 
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YpaBHeHve (3) MomyyeHo 43 3aKOHa SJI€KTPOMArHHTHOH HHAYKILH, 
Bbipa KCHHO'O B KOHEYHBIX pasHocTAx. YpapHenne (4) — u3BectHaa op- 
Myjia Maxcseana. [ionep nonp3yetca CBOHM MeTOZOM ANA onpeneneHna 
oOulero BpeMeHH CpabaTbIBaHHA, BKIIOUaA H BpeMsal TporaHua. 

Jia nepporo HHTeppada BHaYane mpHHuMaetca DIC CaMOHHAYK- 
HHH, PaBHaR MPHOKCHHOMY HallpAKeHHIO, NOSTOMY ypaBHeHne (3) 6y- 
eT BLITMAAeTh TAK: 


B= Ut.108 
ws 


OnpefeHB HHAYKUMIO, HaxOmAT 3aTeM TpeOyeMble aMlep-BHTKH AA 
BOSAYINHOTO MPOMEXKyTKa WH [in CTaH (CH cHcTeMa HacpiueHa). Io 
HaWJ€HHbIM aMNep-BATKaM ONpeseaAOT TOK B KOH NepBoro HHTepBawia. 

CpeaHHii TOK B epBom MHTepBase 


— Otis 
Loo 9 2° 


ig 





Orciona cpenquaa HHAYKTHpoBaHHaa QTC 
| e= U—i,,R. 


Ilo Hei BrOpHYHO HaxOAAT HHAYKUHIO, a 3aTeM OKOHYAaTeJIbHOe 3Ha- 
4CHHe TOKa B KOHIUE TepBoro HHTepBasla TaKKe NOCpeACTBOM olipenese- 
H¥a OOWHX amMNep-BHTKOB. Haiimexnyio BeJIHYHHY TOKA HaHOCAT Ha KO- 
OPpAHHAaTHyto CucTemy i=/(t) Hu NonyyeHHytro TOUKY COCMHHAIOT C Haya- 
0M KoopyHHaT. Metogom akcTpanonauun nposxommKan STY JIHHH1, 
HaXOAAT CpeqHee 3HayeHHe TOKa JIA BTOporo HHTepBasa. 3aTeM aHano- 
rHYHbIK pacueT BELYT AIA BTOporo u NOC€AYIOUNX HHTepBastos. Tlocae 
TOrO Kak CHa, Pa3BHBaeMad SeKTPOMArHHTOM, MpeB3oiNeT CHIBI lIpo- 
THBOMCHCTBHA, PACYET YXKE BELYT Aig BPCEMCHH ABHXKEHHA. 

B o6uxem ca1yyae npegaraempiii Ultonepom xon pacuera cnenyiommit. 

Ilo HattqeHHOMy mMeToyzOM SKCTpanoAWHH CpeqHeEMYy TOKy jaHHOro 
yuacTKa onmpeesa1or 3 

e= U—i,,R. 


3atTem 10 ypaBHenusam (3), (4) 4 (5) HaxogsT npupamenne CKOPOCTH 
H KOHCYHY!IO CKOPOCTb Ha AaHHOM MHTepBalie: oe 


Ve=vUi+ Av. . 


Ilytb, mpodnenupiit skopem: 


Ax = U,pf, 
rye 
Vv; + U9 
Vop = 2 5 


SaTeM HaXOAAT BeHUHHY BOSAYUHOrO MpOMexKyTKa B KOHUe atoro 
HHTepBada, a 10 HEH H HeEOOXOAMMbIe aMnep-BUTKH Io BOSAYXY H CTaJH: 


lW=10,+1Wr. 
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Tlo HafigeHHbIM aMMep-BHTKaM OfIpeesIAIOT TOK B KOHUWe STOFO HH- 
Teppana. JlanbHeHuiMi pacueT MpOBOAAT aHasOrHyHbIM OOpasom. 
Metoga A.W. MockspuTHnua!. Kak yKa3biBaeT aBTop, Popmy- 
na Maxcsena, 1pHMeHsemag Lionepom Aa pacueta TATOBOM CHJIbI, 
CipaBeJIMBa TOJbKO MpH ABHKCHHM AKOPA MO HaNpaBJeHHio CHJIOBbIX 
MMH WH TObKO MpH HeOOMbIIMX BO3ZYWHbIX 3a30pax. [ostomy 
A. HW. MocksuTHH MpesuaraeT NOb30BaTbCA Apyrou PopMy.oHu: 
9 
Pat He. (6) 
2 Gdx* 
rae G — MarHvTHad MPOBOAHMOCTp BO3LYWHbIX NPOMeKYTKOB. SameTuM, 
uTO OpMy.la 9Ta CMpaBeAWuBa [JIA HeHaCbILLeHHbIx cHcTeM, OueBHAHO, 
AIA MONb3OBaHHA STOH MOPpMyOH HeOOxOHMO MpeBapHTeMbHO M0- 
CTPOHTb 3ABHCHMOCTH 
d 


G=f(x) w SE = (x). 


B ocTasbHOM pacueT He OTMMUaeTCA OT MeTONa, NpeazNomenHoro IhT1w- 
epoM. 

Metog B.C. CorckosBa?, Smecb, KaK yYKa3aHO aBTOPOM, HC- 
OuIb3yeTCA MeTOM YHCMeHHOTO HHTerpHpoBaHHA. B oTAM4He OT Mpesbl- 
MYULMX JLBYX Me€TOMOB pacueT BeAeETCA TOJIbKO AIX BPeCMeCHH ABHXKCHHA. 
Jina onpegenenua TaroBol cunt B. C. CotcKop ucnoub3yeT Ty Ke op- 
myay, aro w A. HW. Mocksutuu, B Clenylollen 3amucn: 

Soy) 2 
P= (0, 4xiw) dG , | (7) 
8r dx | 


Onuako, B ornmnune ot A. MH. Mocxsutuua, B. C. Corckos npessaraet 
HauHHaTb pacueT C ONpeyeseHia NPHpalleHHa CHJIbI TOKa MpH yxKe H3- 
BECTHOM TOKe TporaHHaA. 


PacueT BeweTCH Tak>Ke MO HHTEPBaslaM BPeMeHH. 
Jina Kakoro-1Hu60 HHTepBasia HMeeM 


eae ca 
rye 


B ocTawbHOM XOJ, pacueTa aHaJIOrHyeH MpebiNyulu4M MeTOaM, 3a 
uckmioueHHem Toro, uro B. C. CoTckoB B ypaBHeHHH JHHAMHKH AKOpA 


1A WH. Mock BuTHH, OcHOBHbIe NpOGAeMEI SNeKTPHYeCKHX MAaLIHH MpxAMO- 
NMHeMHOTO JBYKeHHA, «<QnekTpuyectBoy, 1941, Ne 2, 
2 


B. C. CorcKos, DreMenThl aBTOMaTHYeCKOH uM TeleMeXaHMMeCKOH ammapary- 
po, TOM, 1950. 
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YAHTBIBACT CHJbI CONPOTHBJCHHA, 3aBHCALLMe KaK OT NONOKeHHA AKODA, 
Tak H OT ero Ckopoctu. HetpyquHo 3amerutTb, 4TO PacueT M10 STOMY MeTOLY 
TpeOyer npexBapHTenbHOro onpenenenuaA 3aBucumocTn L=f (x). 
MetoaH.E. Jisicosa?. Jlanupy MeTO CYLIECTBeEHHO OTNHYAeT- 
CA OT METONOB, pacCMOTpeHHpIx Bplue. H. EF. JIzicop pas6uBaeT mponecc 
He 110 HHT€PBalaM BPeMeHH, a 10 HHTepBasaM xosa akopx. Jlanee, ypas. 
H€HHE MHHAMHKH paCCMaTpHBaetcA He Ha OCHOBe GOayaHca CHI, a Ha 
OCHOBe SHEpreTHyecKoro OasaHca. B cBA3H C STHM B MeTOIe Henocpen- 
CTBEHHO He BeseTcaA pacer TArOBOH CHILI; 37ecb ropa3yq0 yno6uee onpe- 
ACIATh MeXaHH4eCKyio pasoTy, coBepllaeMyio AKOPeM Ha KaKOM-s1u60 
yiacTKe xoma. y 
' Pacueruble ypapuenua mpeg. 
CTaBIAIOTCA B KOHEYHBIX pa3- 
HOCTAX: | 


=; pr dt. 
U=igR+; (11) 
mv? 
Paxas( 2) + Par, (12) 


B o6uem caysae H.E. JIn- y 
€OB npewmaraeT pematn atu “#Y 
ypaBHenua rpado-ananuruue. 
CKHM M€TOLOM IlocenoBaTelIb- : ‘re ep 
HbIX npHo6anKenHh. Pacuet Be- @ur, 1, K pacuery AHHaAMHUeCKHx Xapakte- 
nmeTca B Clenyrollei nocarezo- _ puctHk Metogom H. E. JInicosa. 
BaTeJIbHOCTH, 7 | | 

XO AKOpaA pasOuBaetca Ha pan yuacTKOB, YHCIIO KOTOPHIX BHIOH- 
PaeTCH B 34BHCHMOCTH OT KOHKPeTHEIX YCNOBHH; BO BCAKOM cayyae, 
AOJKHO ObITb He MeHee 5—6 uHTepBanos, Hlanee, 119 Bcex nonomenuh 
ae oo MarHHTHOH WeMH CTPpOHTCa CeMeHCTBO KPHBEIX $ =f (i) 

ur. 1). 

3HayeHHIO ToKa TporanHuaA COOTBeTCTBYeT TOUKa @ Ha HayanbHoL KpH- 
Bow. M3 stow TouKH NpoBogHTca npaMas ab no nepeceyenuag c coceqHes 
KPHBOK Tak, 4YTOObI NOTOKOCIeNMeHHe yBenH4nBaNOch. Kak H3BeCTHO, 
SalTPHXOBaHHad TNOWayb MpesAcTaBaAneT cobolt MexaHuyeckyio paéory, 
COBCpUIaeMylo AKOPeM Ha 3TOM HHTepBae. 3Haa aTy pabory, a Takxe 
paOoTy Ha mpeozoneHHe NPOTHBOAeHCTBYIOUIMX CH, HETPyYHO u3 ypab- 
HeHHa (12) Hatity mpupamenue CKOPOCTH AKOPA Ha JaHHOM HHTepBase. 

7{na m060ro uHTepBana HMeem 


" aon = Y/ (Prd — PBX) = + Oy (13) 
Ce 


Vuau tv Ax 
p= - mr At=—., 





Vep 
CHE Uxour Unsys Ucp— COOTBETCTBEHHO KOHe4HAA, HAYaIbHaM H CpeqHAA 
CKOPOCTH Ha JaHHOM HHTepBaue. 


' H. E, Jiutcos, Pacuer snexrpomarautaux MeXaHH3MoB, O6opomrua, 1949; 
K pacuery AuHaMHYeCKHX XapaKTepHCTHK SJIEKTPOMArHHTOB, «BecTHHK a1eKTpompo- 
MBILLIGHHOCTH», 1941, Ne 3. | 
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Hata BpeMa ABHKeHHA, a MO rpaduky — NpHpalileHHe MOTOKO- 
CLenseHHA H CpeqHHi TOK Ha aHHOM HHTepBase (cM. cur. 1), cuezyerT 
MPOBePHTb, YAOBeETBOpHeTca JH paBeHcTBo (11). Ecan paBexcTBo 9TO 
He yOBJeTBOpAeTCA, TO CleyeT 3a,aTbCA DPYrHM HaMpaBJeHHeM OTPes- 
Ka ab  BeCb pacueT NOBTOPHTb CHayawa, W TaK WO Tex NOP, NoKa paBeH- 
crpo (11) He 6ymeT ygoBneTBopeHo. I]pu HeKOTOpOM HaBbiKe MOXKHO 
(IpaBHbHOe HalipaBseHve ZTOTO OTPe3Ka BbIOPAaTb, eCCJIH He C MepsBoro, 
TaK OOA3ATEIbHO CO BTOPOrO HH TpeTbero pa3a. 

Metog STOT ABAAeTCA rpactbo-aHaMTHYeCKHM HM NpwrogeH mp m1000K 
dbopMe KpnBbix ¢=f(i). Ecnu xxe 3TH KpHBbI€ HMCIOT NPAMOJHHeHHbIN 
xapaxtep, To H. E. JIbicon npeamaraeT BecTH pacdeT 4MCTO aHasMTHYe- 
CKHM llyTeM 6e3 Kakux-1H60 rpaduyeckHx mocTpoeHHi. [Ipu stom 3a- 
WITPHXOBaHHad MOULatb Ha BCeX HHTepBallax MpescTaBAeTCA B BHC 
TPEYFOJIbHHKa, H BeCb pacueT CBOAHTCA K MpOCTbIM asreOpanyecKHM 
neficrnpuam. [Ip Takom pacuete yyeT noroKos paccesnusa H. E. JIpicos 
fipealaraeT MpOHSBOAUTh BBEACHHEM COOTBETCTBYIOWWNX KOSPMHILMEHTOB. 

B ocTabHOM BeCbh XO pacueTa aHaJIOrHyeH H3JIOKeHHOMY rpado- 
aAHAIHTHYECKOMY MeTOYLY. | 

Metog H. A. Jinspmuma?’, OcHopot cpoero MeTo,a aBTOp CuH- 
TaeT NMOMOMKEHHE, YTO CKOPOCThH HM AJIMTEMbHOCTh Nepexo@a MOABHKHbIX 
OpraHoOB 3JIEKTPOMArHHTHOTO MeXaHH3Ma OfIpeeAIOTCH 3HAYeEHHEM TA- 
fOBbIX YCHIHH, pa3sBHBaeMbIX MOTOKOM B PpaOOY¥HX BOSAYWIHbIX 3a30pax, 
H TOPMO3ALIHX YCHIMH, IpeosoeBaeMbIX NOABHKHbIMH OpraHaMH Mexa- 
HH3Ma._- 7 a a 

- Jina pacueta HeO6XOAMMO HMeTb TAFOBy1O H Harpy30uHylo xapaktTe- 
PHCTHKH 3JIEKTPOMarHHTAa. 

. Jas ABYX YaCTHbIX CAYIaeB OTHOCHTEbHOTO paCHOIOMeHHA YTHX Xa- 
paktepucTHk H. A. Jiupuinu aeT avasIMTHYeCKOe pellleHve, KOTOPOe Mbl 
PacCMOTpHM B CJleflyloulem pa3gzeje. 3mecb Ke paccCMOTpHM oOOllee pe- 
UleHHe pH JOObIX 3aKOHaX H3MeHeHHg TATOBOM H Harpy304¥HOH xXapak- 
TepHcTHkK. B 3ToM cilyyae JIA ONpeeeHHA BPeCMeHH ABY2KeHHA aBTOP 
IIpPHMeHAeT MeTOA ABOMHOTO rpaduyeckoro HHTerpHpoBaHna. Kak OyzerT 
BHAHO W3 JaIbHeliliero pacCMOTpeHHA, 3€BHCHMOCTH NYTH HM CKOPOCTH 
OT BPEMEHH CTPOATCA NOCMEAOBATELHO NO OTAEMbHbIM TOUKaM. IlosTomy 
§ HEKOTOpOH CTeMeHH MbI HMeJIM TpaBO OTHECTH 3TOT MeTOA K rpynne 
MeTOJOB MOCJIEAOBaTeJIbHbIX HHTeEPBaJIOB. 

_ Taropas xapakTepucTuka CTpouTca H3 pacueTa MarHUTHOM Wen MpH 
NOCTOAHHOH cule TOK, T. €. B CTATHYeCKOM pexkuMe. BHauase aBTOp pac- 
cCMaTpHBaeT CJlyual, KOrg§a MOXKHO TpeHeOpeyb BJIMAHHEM CHJI TPeHHA. 
[Ipu 9TOM ypaBHeHHe ABHKCHHgA MpeACTaBHTCA TAK: 

- P,—P.=m*=. (14) 
dt? 

Ha cur. 2 nocrpoeHpl HCXOMHbIe XAPaKTePHCTHKH: THTOBag H Harpy- 
304uHad. XOM pacueta clesyioulMnn. 


1H. A. Jiunsuuu, K sonpocy 06 aHanu3e BpeMeHH ABHKEHHA AKOPA IIeCKTPO- 
M@rHHTHBIX MeXaHH3MoB, «ABTOMaTHKa Hu TeleMexaHuka», 1939, Ne 2; Onpegenenne 
BPeMeHH ABHKeHHA fOMBMKHBIX OpraHOB 9IEKTPOMATHHTHOTO MeXaHH3Ma MPH ero cpa: 
6aTbiBannu, <M3pectua 9eKTponpoMpmeHHOcTH caa6oro ToKa», 1940, Ne II. 
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M3 ypapyenua (14) HenocpegzcTBeHHO Nomyyaem 


—< j Pd3=naowan, ABBY, 


6 max | 


rye P=P,—P, noctpoena rpaduyeckm Ha OCHOBaHHH HCXOMHBIX Xapak- 
TEPHCTHK. 








I 
AL% v 
B, 
[ 
i: Iv 
| 
| 
é 
Omax ae 7 
gp 
ll 








Yyye 
Ree 


Mur. 2. K pacuety 1HHaMHYeCKHX xapakree 
‘  pucTHK MeTonoMm H. A. JInpmuna. 








M3 nocieqHero ypaBHeHin rpadHyeckuM HHTerpHpoBaHnem ompere- 
JIAFOT CKOPOCTb AIA pa NOCHE ROBATebHbIX MOMOMKCHH AKOPA HW CTPOAT 
KDHBY!O. 3aBHCHMOCTb BPCMeHH JBHKCHHA JI KAKAOFO TOJOKCHHA AKO- 
pA OnpeensloT TakxKe rpa:HyeckKHM MHTerpHPpOBaHHeM NO ypaBHeHHO 


$ 
t= | | dg = naomant aéee2. 
v 
) 





max 


Ho fo 3Toro pexBapHTesbHO Hallo NOCTPOHTb 3aBHCHMOCTb 
i 
—== Ff (8). 
=f (8) 
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Bee rpaduyeckne MoctpoeHug B AaHHOW MOCMeOBAaTeMbHOCTH MoKa- 
3aHb! Ha ur. 2. 

Jina BpaulatembHoro zBHxeHHA H. A. JInsuuy npuBozuT ananoruy- 
HOe pelueHue. 

B cuyyae, CCM HAO YYHTHIBaTb elle CHJIbI TPCHHA, 3ABHCAILHe OT 
CKOPOCTH JBHXKCHHA, AaBTOP TpeAJiaraeT B OOWIeEM CJIyYae NPHMeHATh 
MBOMHOe rpadpuyeckoe HHTerpHpoBaHHe NO MeTORY H30KIHH. M3noKxeHHe 
STOrO MeTOZa B HaCcTosilei paGote He NpexcTaBAAeTCA HEOOXOAHMbIM. 


AnasuTMueckHe MeTOBI 


Mertog Acce!. Asrop mbitaetca 2aTp aHaJIHTHYeCKOe pellleHne 
MHHAMHKH 9JIEKTPOMarHHTa, HO Tak Kak TakoOe pellleHve, NO MHEHHIO aBTO- 
pa, MpeAcTaBAeT 3HAYHTeJbHbIe TPYAHOCTH, TO ABTOP MeNaeT pA Mony- 
IILGHHH, KOTOPble CBOAATCH B OCHOBHOM K CJIeJYIOUleMy: 

1) cHAbI NpOTHBOReHCTBHA paBHbI HJ; 

2) MarHuTHag CHCTeMa He HacpillleHa; | 

3) MHAYKTHBHOCTh MWpecTaBsineT JHHeHHYIO MYHKIMMIO OT xoda, 
T. e@. 


roe @ — MOCTOAHHag BeJIHYHHA; 


4) TOK B Npollecce ABHXKeHUA MAIO H3MeHHET CBOIO MepBOHAYAaJIbHYIO | 
BeJIH4HHY; 

5) CKOPOCTb ABJIA€TCA CPaABHATeIbHO MaJlOW BeEHYHHON. 

Tok IipeqcTaBAaeTca B BHe CYMMbI 


t=1-51, 
rye / — ycTaHOBHBlleeca 3HaUeHHe TOKa; 
i’— llepeMeHHOe cCyaraeMoe TOKAa. 


sicce cuntaer i’ H UV (CKOpOCTb) BeJIHYHHAMH MaJOrO NopsgzKa HW pH 
pelmenuu AuepenHunasbHbIX ypaBHeHHH mpeHeOperaer peeapatauy 
KAKIOH H3 STHX BENMYHH WH HX NMpoOHsBeyeHHeM. 

Mcxofuble ypaBHenua Sicce —— B CJIEAYIOWUeM BHZe: 


g ae 
— iR+L * eae (15) 
ia . (16) 
dt 2 ax 


PelllHB 9TH ypaBHeHHa C YKa3aHHbIM BbIle mpeHe6pexeHHeM MaJIbIX 
BeJIH4YHH BTOpOro nopsgsKa, Sicce WaeT OKOHUATEbHbIc ypaBHeHHA: 


i" = +(e cos t—1 +L e-™'sin at); (17) 


ge (1—e-¥ cos t+t* e~w sin yt), (18) 
Y} 


a 
' 3. Acce, QaexrpomMaruuty, FIV, 1934, 
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re 7, Y, 6, &@—NOCTOAHHbIe BeHUMHHI, 3aBHCALHe OT OCHOBHEIX Na- 
| PaMeTPOB 3s1eKTPOMArHHTa. | 


M3 ypasuenuit (17) u (18) BHgHo, yo ToK CTpeMHTCa YMeHbUIHTECH 
4O MOJOBHHEI YCTaHOBMBLUeroca 3HaYeHHA, a CKOPOCTb AKOPA CTpeMHTCH ~ 
K NOCTOAHHOH BeIMUNHe. | 

. B 3axmouenne SIcce nogyepKuBaer, 4TO 3TO pelleHue ciipaBesJIHBO 

AJA’ MaJIbIX CKOpocTe AKOPA H MPH MaJIbIx H3MeHeHMAX NlepBOHayab- 
HOTO 3Ha4eHHA TOKa. | | 

Meron A. HW. Mocxputuna?, Asrop NOAYePKHBaeT BaXKHYIO 
POJIb M€PEXOAHBIX MIPOMeCCOB B COBPEMEHHBIX ObICTPOMeHCTBYIOLINX 9/1eK- 
TpOMarHHTax NOCTOAHHOrO ToKa, IlostoMy 4M «6bINa MocTaBleHa Leb 
AaTb KOCTATOYHO MpPOCTOH aHaJIHTHYeCKHH MeTOM HCCeAOBaHHA, MO3BO- 
AMIOUHH YCTaHOBHTb 3aBHCHMOCTH B OOWEM BH». tue 1 

Buayane aBTop paccMaTpuBaeT ugeanbHEly ciyuah, Weltaa crelyw- 
UiMe JONYWeHHA: | : 

[) akTHBHOe conpoTuBneHHe O6MOTKH PaBHO HyJI10; 

2) MpoTuBogzeticTByioulHe CHJIbI PaBHEI HYJI0; 

3) MarHHTHag CHCTeMa He HacbljeHa; 

4) NOTOKH paccesHua OTCyTCTBYIOT; 

O) ABJeHHe BLINYYHBaHHA OTCYTCTBYeT: | 

6) BHXpeBbIMH ‘TOKaMH H ABJeHHeM rucTepesvca mpeHeOperaer. 

Bay Toro, uTo MporHBogelictByloulve CHIBI TipHPaBHeHbI K -HyJ10, 
BpeMa TpOraHHA BOBCe OTCYTCTBYyeT H OOlee BpeMaA CpabaTLIBaHHA onpe- 
A€NACTCH JIHUIb BPEMeHEM ABHKeHHA. | : | 4 

Tipu stux Aomymenuax A. WH. Mocxsutun NIpeACTaBIAeT ypaBHenuA 
QHHAMHKH B Cnezyloulem BHZe: 


d® 


d?x | 
| rie: a (20) 
i= Rs (8) —x) ®, (21) 


re %o— HavasbHblit 3a3op; 
ki, Re, Rg— NOCTOAHHBIE KOo@HUHeHTHI. 


YpaBHeHua 3TH MOCIe yka3aHHA BCex MONYWeHHH, OYEBHAHO, He Tpe- 
GyloT NoAcHeHHH; pelleHve ux OcyulecTBAAeTCA HeNOCpeACTBeHHO: 


D — kt. (22) 
A= qth; | (23) 
i= at— Be, (24) 


rne k, g, a, B — NocTosHHble KoadpurveHrtul, 





1 A.W. Mocxsurus, YpaBHeHHA Mpoleccos B SNeKTpOMarHHTe C UBYWKYWLMMCA 
akopem, «Masectun Axanemuu Hayx CCCP», 1948, Ne 4: ONeKTpHyecKHe MalIHHB 
BOSBpaTHO-NOCTyMaTebHOrO ABHOKeHHA, H3f. AH CCCP, 1950. 
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Tlony4enHble ypaBHeHHA, COOCTBEHHO, H CCTh HCKOMbIC THHAMHYCCKHE 
xapaktepucTukn. M3 sTHx ypaBHeHHH MOMKHO MOMYYHTb HaHOomee HHTE- 
pecuble NapaMeTphi, XapakTepH3ylollve THHAMHYECKHH MpoLecc. 

Bpema cpaOaTsipakia MOKeT ObiTh ONpeseieHO Kak H3 ypaBHeHHA 


(23), Tak Hw (24): 
4 4p 
8 a 
t=|/ 2=1/ —. 25 
cp /* E ( ) 


MakcHMasbHoe 3HaueHHe TOKa onpeyenaetTca H3 ypaBHeHua (24): 
4 a ee 

L.=— o —, 
5 5B 

A. HW. MocKBUuTHH osyuepkuBaeT, 4YTO yKa3aHHble HeaJibHble 
YCNOBHA B 3HAYHTEIbHOM CTeMeHH COOTBETCTBYIOT AeHCTBHTEJIbHOCTH B 
bolcTpodelicreyroujux aleKTpomaenuTax, Tem He MeHee, Mocye sTOro pe- 
WICHHaA aBTOp ellie YSHTbIBaeT PAL PaKkTOPOB, KOTOPbIMH BHayale MpeHe- 
Opera. 

Tloroku paccesuus wu sBeHve BbInyunBaHua A. HW. MocksuTHH yun- 
TLIBAeT BBEJCHHeEM B HCXOAHbIe ypaBHeHHA COOTBETCTBYIOWEro KoaPpu- 
uHeHTa. Aes 3aksiouaeTca B TOM, YTO TO KapTHHe MONA, MOCTPOCHHOH 
AJlq HadabHOro 3a30pa, pacCuHTblBaeTCa MA@FHHTHAaA Welb C YYeTOM TO- 
TOKOB paccesAHHA H BbINYYHBAHUA, 3aTeM OMpeeMeTCA NeHCTBHTEJIbHbIK 
MOTOK, MpOXOMALIMH Yepes 3afaHHoe CeYeHHEe BOSAYINHOTO 3a30pa. OTHO- 
1WeHHe STOFO MOTOKa K MOTOKY, pacCUHTaHHOMy 6e3 yueTa pacceAHHsA H 
BLINYYHBaHMs, OMpeeHT HCKOMBIM NONpaBouHbi_ KosppHuMeHr. TOT 
KOIPPUMAHEHT BBOAHTCA B HCXODHbIe LHPPepewHUMabHble ypaBHeHHA, KO- 
TOpble yxKe OyMyT NpaBuJIbHO OTPaKaTb peaibHyio KapTHHy NOJIA Np 
HaWaJIbHOM 3a30pe 3/IEKTPOMArHHTA. 

OyHako Ip ABHXKeHUM AKOPA BOSLYWHbI 3a30p OymeT yMeHbIaTb- 
CH} COOTBETCTBeHHO 6yleT H3MeHATECa KAPTHHa MONA H HalieHHbI Mo- 
MpaBOUHbI KosPPuuNeHT, OueBUAHO, NPH NPHTAHYTOM AKOpe OH 6y eT 
NPHMePHO pPaBeH eMHUUe. CreqOBaTeIbHO, Halo OBO Obl YYECTh H3ME€- 
HeHuve STOrO KoapuLHeHTAa BO BpeMaA XOMa AKOPA, YTO CBA3ZAHO C OOJb- 
WHMHM TpyHOCTAMH. Oxa3bipaeTca, YTO TAKOM YET MpakTHYeCKH H HE 
TpeOyeTca, BBY, KaK YZayHO aBTOP BbiIpasHJicH, <OMHOTO CdacTAHBOTO 
OOCTOATeENbCTBa». OHO 3aKm1I0UaeTCA B TOM, YTO B TedeHHe OOMbIUeEH YacTH 
BPCMeHH <AKOPb MOUTH He JBHXKETCA>, T. €. CKOPOCTh ABHKEHHA BeECbMa 
Magia. TlostoMy ¢ QOCTATOUHO TOUHOCTbIO MOKHO CUHTATD 3TOT KOI>- 
(DHIUHeEHT NOCTOAHHBIM: 


(26) 


© =const. 


C yyeTom sToro KOIpPPuUNeHTAa, a TAKKE AKTHBHOTO COMPOTHBICHHA 
OOMOTKH ypaBHeHHA NpHMyT BHA 


a? =k, (U—iR); (27) 
at | 

ad2x ‘ 

Ga (28) 
i= ko (3,—x) ©. (29) 
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AstTop cipaBeAJIHBO 3aMe4aeT, YTO «TOUHOe aHamuTHYeCKOe pelleHHe 
9THX YPaBHeHHH HEBOSMOXHO». | 

Jia paspemenua stow 3aqauu A. MW. MocksuTun mpegsaraer cuHTaTD 
B ypaBHeHuu (27) akTHBHOe NadeHHe HaNpsxKeHHA NOCTOAHHBIM 3a BCe 
BPeMA TIpolecca, NOCTABHB BMECTO Hero CpenHee 3HaueHne: 

| _" 
Lp= 7 \ idt. 


be 
ro 


_ Torga. ypaBHeHve (27) npuMmer Bua 


a® 

1 lcp 

H CHCT€Ma ypaBHeHHH AHHAMUKK Pa3pellHTCA Tak Ke MpocTo, Kak H 
ypaBHeHua (19), (20) u (21). 

Bce 3aTpyaueHve Tenepb 3akmtoyaetca B ONpexeneHuu cpeqHelt SIC. 
Oguaxo A. H. MocksutTauH o6xoguT sto 3aTpyqHeHue HCKYCCTBeEHHbIM 
nyTeM. /Jeo B TOM, YTO MaKCHMaJIbHOe 3HayeHHe TOKa, NOMCUHTAHHOe 
NO ypaBHeHuio (26) 6e3 yueTa aKTHBHOrO CONpoTHBeHHA, B HEKOTOPbIX 
CY4aAx B HECKOJIbKO pa3 MIpeBbilliaet YCTaHOBMBLeecg 3Ha4eHHe 


1TO peaJIbHO HHKaK HEBOSMOXKHO. 


Ilocne psaga Bpiknagox A. WH. Mocxsutun npuxogut x BbIBOLY, 4TO 
OTHOIMeHHE MAKCHM@JIbHOrO 3HaYeHHA TOKa C YYeTOM aKTMBHOrO conpo- 
THBJICHHA K M@KCHMA@JIbHOMY 3HaY¥eHHIO TOKa 6e3 yyueTa nocneqHero 3a- 
BHCHT OT H3BeCTHbIX HaM BeJIHUHH, T. €. | | 


” 


| 
—=C, 
I 


m 
rye /m—MAKCHM@aibHOe 3Ha¥eHHe TOKAa C y4eTOM aKTHBHOTO 
CONPOTHBAeCHHA OOMOTKH; | | 
Im—TO %*e, HO 63 yu4eTa aKTHBHOTO CONpOTHBAeHHA, 7. e. 
HalwenHoe no dopmyure (26); 


’ 


; I | : 
C= f (‘= — pacueTHE i Koadpunnenr. 
y 


Ilocequtoio 3aBHCHMOCTb aBTOp MpedcTaBaner B BHae KPHBOK 
(pur. 3). Takum o6pa3om, naiina / m Udy, Mbl 10 KpHBOH onpezensem 


KospuUHeHT <, a 10 HeMY H HCKOMO€ aMIIHMTYAHOe 3HayeHue J. 
Cpeayan SUC onpenenserca Tak: 


Cp =U — igR=U — kala, 


f 


rye k,,=F (‘=) ompezensetca MO KpHBOH, TaKxKe MpHBe_eHHOH 
y : 
A. HW. Mocksutunem (cm. dur. 3). 


59 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


. Tenepp MOXHO serko pelliuTb ypaBHeHua (27)~+ (29), mogcTaBns 
B MepBoe ypaBHeHHe BMecTo (U—iR) HaliqeHHoe 3Ha¥eHHe ey. Bce pac- 
YeTHbIC YPaBHeHHA MOMYYaTCA TAKHMH Ke, TONbKO BMECTO HallpAKeHHA 
ceTH OyleT PUYPHPOBATH op. | 

B 3aKsIO“eHHe aBTOp NOMYepKHBaeT, 4TO AAHHBIM MeTON ABJIAeTCA 
[I[paKTH¥eCKH TOUHBIM, KOr a MpOTHBOAeHCTByIOWIHe YCHIMA MHOTO MeHb- 
le IPHTAHBalollero YCHJIMA JIeCKTPOMAFHHTAa, HM YTO B IIPHJOKeHHH K 
TaKHM M@XaHH3MaM, Kak peae, NycKaTeu u T. 1., STOT Me€TOM MOXKHO 
NPHMeCHATb JIA OPHCHTHPOBOYHHIX pacueTos., 













es ee a 
eee aes 
SES 2aaen we 


Mur. 3, KpuHBble pacueTHbIX KOIPMHUKEHTOB JAA pacyeTa THHaMH4e- 
CKHX XapaKTepHCTHK M0 aHaslMTHYecKOMy MeTozy A, HW, Mocksutuua, 


Jlanee A. VW. Mocksutuy MpHBogxuT ypaBHeHie AHHAMHKH C yueTOM 
NpOTHBOeHCTBYIOLIUX CH, XOTq pellieHve 9TOrO ypaBHeHNA He JaeTca. 

Metoga B.C. Cotckosa?l. Asrop mpeamaraer npH6nHxKeHHBI 
aHaJIMTHYeCKHA cmoco6 pelieHHA ypaBHeHHii JHHAMHKH C y4eTOM BCeXx 
OCHOBHBIX MapaMeTpos. 

Jlia pelieHian aBTOp mpeAcTaBseT ypaBHeHHg B CJeyIOlleM Bue: 


U=iR+ Ww 10-5; (30) 
i=i,+69 (8,—x); (31) 
Ox) pak — mo? 
ai +r a +kx+k)=m®?, (32) 


rye 6)—HavabHHA 3a30p; . 
b, r, R, Ro) M—NOCTOAHHHIG BeAHUHHEI, ONPeeIAeMbIe 3a2aHHBIMU 
lapaMeTpaMy; 
i, Const—SKBUBaIeHTHOe 3HayeHHe TOKa, YU4HTHBalole}ro 
HoTepio HaM@rHH4HBallleH CHIH B M@cHHTONpOBore. 


M3 nociemHero ypaBHeHHA BHAHO, YTO pellleHve MaeTcCA Cc yueTOM 
NPOTHBOMeHCTBYIOINMX CHI, 3aBHCAUMX KaK OT MOJOKeHHA AKOPA, Tak 
H OT e€fo CKOPOCTH. 


('B C. CotcKkos, QieMeHTH aBTOMaTH4ecKOH HW TeeMeXaHHYeCKOH alnapary- 
pp, TSH, 1950; K sompocy o npHOawkKeHHOM pelleHwn ypaBHeHHH ABH KeHHA DA N0- 
IBYWXKHOH CHCTeMBI peste, «ABTOMATHKa HM TeleMexaHHKa», 1950, Ne 1; SaBucumocTb 
BpeMeHH JBH)KeHHA MOABYXKHOM CHCTeEMbI pele OT MapaMeTpoB pene, <ABTOMAaTHKa H 
TesleMexaHiKa», 1951, Ne 4. | 
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Bb. C. Cotckos npegnaraer npu6nuxKenHoe pelleHHe 3THx ypaB- 
HeHHH, Noaran, YTO Wa NepHona ABMKeHHA aS 


 O=ait+ ptt y+ ef... 
rie a= npn t=0. 


Onyckan Bce mpomMexyTouHBie onepauuy, yKaxkeM, 4TO NOACTABHB 
SHaveHHe MOTOKa B ypaBHeHHe (32), aBTop Haxo_UuT nowHOe peuleHne 
STOTO ypaBHeHHA B BHAe . 


x= Qe-"'sin(Vk,t—9) +A+ Bt+Cl+DP, - (33) 
roe Q, p, f1, ¢, A, B, C, D— nocroanunie Bennquan. _ 


/lanee, nogcTapup 3HayeHua ® u x B ypaBHeHue (31) u pemmp ero 
COBMECTHO C ypaBHeHHem (30), aBTop Nosyyaer BbIpamKeHHe Aq ToxKa. 

B. C. CoTckKoOB yxka3biBaet, uTO aA MpaKkTHKH JOCTaTOYHO orpa- 
HHUMTE PA NOTOKa ABYMA WieHaMH, Torga 


x= Qe’ sin (VR, t— 9) +A+Bt+ Ck, (34) 
isting + b(a+Bt)8—b(a+Bt)x. (35) 


Jia oOjeryeHua mpakTuyeckoro ucnonb30Banna 3TOTO §=MeTona 
B. C. Corckos copmectuo c HV. E. Tiexa6pyu u H. A. Iyrunosoit 8 pa6ore 
«3aBHCHMOCTh BpeMeHH JBHKeHHA NOABHKHOH CHCTeMbI peste or Mapa- 
METPOB peje» CIPOWT 34BHCHMOCTH, Ralolllve OTHOCHTeENBHOe epemeute- 
HHE AKOPA B YHKUMH BpeMeHH, 3a4aHHOrO B AOMAx OT 3HaYeHUA NocTo- 
AHHOH BpemMeHH. Torga mo sanaHHbIM NapaMetpaM,  HCNONb3yA 93TH 
KPHBbIe, MOKHO HaHTH 3HayeHHe BPEMEHH ABHXKEHHA JA MAHHOrO OTHOCH- 
TeJIbHOTO TepeMeljeHHa sakopsa. Ilpnyem NPHBOAATCA KPHBble Kak JA 
CHydad OTCYTCTBHA CHJI TpeHHA, TaK HC y4yeTom ux. AHanoruuHpe KpH- 
RbIC IPHBOAATCA HW AIA pexHMa OTMYCKaHHA., : , 

MeroaH.A. Jiusmuna.B TIP€AbIAVUIeM pasfene ObIN H3N0%KeH 
MeTOA ABOHHOTO rpadwyeckoro HHTerpHpoBaHuA AWA pelieHug 3anaun 
pH JHOObIX 3aKOHaX H3MeHEHHA TATOBOE H Harpy304HOH xapakTepHcTHK, 

7lna aacTupix cryyaes H. A. JIMBIUML, NpHBOAUT aHanuTHYecKHe pe- 
(ICHHA yYpaBHeHHk JHHAaMHKH. 

1) B cayuae, ecau 


P=P,—P,=const, 


BPeMa ABHXKeHHA ONpeMeAeTCH BECbMa IIPOCTO ypaBHeHHem 


t= / = (3 nax— 2 nin) . | (36) 


P,=const u P.=kx, 





2) B cayuyae, ecau 


ypaBHeHHe AHH@MHKH TakxKe MOKeT OBIT PeWICHO aHaJIHTHYeCKH. 
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Tlocue paga mpeo6pa30BaHHh pellieHve MpemcTaBlAaeTca B CJeLyto- 
Il€M BH: 


Ps 


b ra — 8maxtomin 
cos y* = Py (37) 


k 








Takylo Harpy304Hy10 XapaKTepHCTHKY MOMKHO cee MpeAcTaBHTb, Ha- 
MpHMep, B Cyly¥ae, CCH NMpOTHBOMeHCTBylOINee ycHIHe COo3maeTcA Npy- 
2K HHOH. 

H. A. JI 4 BUI HW MpHBOAHT TakxKe aHa/UTHYeCKHE PeLleHHA AJIA STUX 
Ke YACTHBIX CJIy"aeB, HO C YYETOM CHI TPeHHA, 3aBHCALIHX OT CKOPOCTH 
BH KeHHA. 


AHAJIHV3 METOJIOB PACYETA H PEKOMEHIALILHH 
mo HX NMPAKTHYECKOMY HCHOJIbSOBAHHIO 


Meroybl NOCeL0OBaTeJbHbIX HHTeEPBaJIOB 


CpaBHHBad 3TH MeTOAbI MexKY COOOH, NPHXOAHM K BbIBOLY, UTO Nep- 
Bpie TpH MeToga (LLltonep, MocksuTuy, CorcKoB) OCHOBaHbI Ha OJHOM 
H TOM 2Ke IIPHHUNMe: pasqenenne Npowecca Ha PA HHTePBaJIOB NO Bpe- 
MeHH, YCPeHeHHe PpaCCMATPHBaeMbIX BeNHYHH B KaKJOM HHTEpBaJe, 
npemcTaBseHHe YpaBHeHig AHHAMHKH B Buse CalaHca cu. Ha nepppli 
B3PIML KAaXKeTCH, YTO Me@KIY HHMH HET CYULeCTBeHHOH pasHHubl. Ha 
CaMOM Jlene 9TO He TaK, H HelpaBHJIbHblii BbIGOp MeTOMa pacueTa B 
KaxKNOM KOHKPeTHOM CJIy¥ae MOXKET MPHBECTH K CYICCTBEHHEIM OlHO- 
KaM. 

Ilionep nomp3yetca dopmynoH MakcBewa Alig ONpemeweHHa TA- 
rOBOH CHJIbl, KOTOPOHM, OAHAKO, He BCera MOMKHO NONb3OBaTECA. 

B xuyre M. A. Ba6uxopat gana o6mlan dopmya Makcpema u 
BeCbMa YOCAHTE/IbHO MOKa3aHO, YTO yNpouleHHas PopMyvia (Kak y ILt0- 
jlepa) cmpaBeqJIMBa Np yCJIOBHH PpaBHOMePHOTO pacnpeweseHHA HH- 
JLYKILMH 110 MOBEPXHOCTH AKOPA, a TAKKE MPH YCOBMH, CCIM BEKTOP HH- 
AYKUMH HOPMaJIeH K NOBePXHOCTH AKOPsA Ha BCex ero yuacTKax. ITO, 
KOHEYHO, OFpaHvynBaeT OOaCTb NPpHMeHeHHa paccCMaTpHBaemMoro ME- 
Toma. 

[llionep Tako%Ke He YYHTbIBAeT MOTOKOB paccesHHA, XOTA H B pa6ote 
gaMeuaeT, UTO YUeT MOTOKOB paccesAHUA BOOOMIE BO3MOKeH, HO, K CO- 
KasleHHIO, 9ITHM 3aMe€4aHHeM HW OFpaHHYHBaeTc”. 

Meron Ilionepa, oHako, NO3BOAAeT YYHTHIBATh COMPOTHBJICHHE CTa- 
nu. PesiomMupys CKa3aHHOoe, MOXKHO CeNaTb BbIBOJ, YTO METOOM LI t0- 
jlepa YLOOHO NOIb3OBaTbCA NPU MAABLX BOZOYtUHOLX Ba30PAax U npUu O6u- 
HEHUU AKOPA BOOAb CuAOBoIx AUNU. IIPH MaJIbIX 3a30paxX BO MHOTHX 
cyuasx, JeHCTBHTebHO, MOXKHO MmpeHeOperaTb NOTOKAMHM pacceaHHA. 

A.H.MocKBUTHH BMecTo topmysibl MakcBesa UcHob3yeT Pop- 
MyJIy, KOTOPad BbIBOMMTCA H3 pacCMOTpeHH” SHEpreTHyecKorO 6asaHca 
3@KTPOMAFHHTa JIA HeHACHILLeHHbIX MarHATHBIxX CHCTEM. 


1M. A. Ba6unxkos, Qaextpwyeckne amnapatn, ¥. I, POH, 1991. 
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Tlostomy Meroyom MocxsutTuHa A. H. yazo6uo nonp3ospateca npu- 
b0AbuUux 3a30PAXx, KO20a HeAbsa npumenUuTe dopmyay Makceearaa u npu 
3TOM CUCTe€MA He HacouueHa, OAHaKO pH ONpeneNeHHH HeEOOXORHMBIX 
amiep-BuTkos A. MW. MocksuTHH y4HTbIBaeT TakxKe CONPOTHBJeHHe cTa- 
JH, UTO MPOTHBOPeCYHT NPHMCHeHHio YKa3aHHOH (OPMYJbI AJA ompene- 
JIGHHA TATOBOK CHIBI. | 

IIpapza, A. WH. Mocksutun B cBoei pa6ote yKa3biBaeT, 4TO npHpa- 
UleCHHe KHHETHYCCKON SHEPrHH MpH TOUHbIX pacueTax MOXKeT GObITh ompe- 
meneHo rpaduyeckKuM MeTOJOM TIO XapakTepucTHKaM HaMarHHunBanuas, 
HO, K COMKaJICHHIO, HE H31araeT MpeaaraeMblii HM MeTON. Tem He MeHee, 
A.W. Mocksutuu, HeckobKO H3MCHHB MeToguky Lilionepa, 3HayHTenbHO 
pacluupser O6acTb MpHMeHeHHg” CBOero MeTONa, TAK KaK B OONbUIMH- 
CTB€ Cly¥aeB COMPOTHBJeHHeEM CTaIH MOXKHO MpeHeopern. 

B. C. Corckos npumenset Ty xe cthopmyly TaroBof CHJIbI, 4TO 
H A. WH. Mocksurau, Ho mpu 9TOM, Hcnomb3ya dbakTOp OTCYTCTBHA Hacbl- 
WCHHA, pacdeT HadHHaeT Cpa3y C OMpeseseHHa NpupalleHua ToKa, NpH-— 
HHMaa SKCNOHEHIMAJIbHbIM 3€KOH CTO H3MCHCHHA O MOMeHTA TporaHHa. 
OTHM OH M36eraeT NpeABapHTeAbHOrO ONnpexeneHHA cpeqHelt HHAYKTHpO- 
BaHHoOH OJIC psa nocnexyroulero HaxOKACHHA NOTOKa, a 3aTeM H HeO6- 
XOAHMbIX AMIICP-BHTKOB, Kak 3TO ZeaioT Lionep ny Mocksuruu. 

Metox B. C. Corckospa nospomser TakKKe YYHTLIBATR WH NOTOKH pac- 
CeAHHA, HO NpH STOM PopMy.1y TATOBOH cual (7) yooOHee npeacTaBHTD 
B CJICNYIOULEM Bue: 7 | 

P= (O.4ni)? db 
8r dx 


3 


4TO MaCT BO3MOKHOCTh HCHONb3OBaTb YE NOCTPOeHHyio KpuByio L= 
=/(x), HeoOxomHMyt0 Mpu pacueTe npupallenna CHAE TOKa. 


M3 pcero cka3aHHOro BUAHO, uTo MeTogom B. C. Corckosa Tak Ke, 
Kak MH MeTofom A. HM. MocksutTuHa, yqo6HO nomb30BaTEca npu Oonrowux 
3Q30PQax U OTCYTCTBUU HACoLLEHUA CTAAU. 

Otmerum, uto H. H. Texxep, nonp3yscp Metonom B. C. CotTcKosa, 
NOCTPOH AWHAMHYeCKHe XapaKTepHCTHKM OpoHeBOrO 2eKTpOMarHHTa, 
BHOJHE COBMAaalollve C 3KCNEPHMeHTOM 2, 

H. E. Jittcos paspemaer npo6memy quHaMuKH HaHGosee cTporo. 
MeTox 3TOT MpHMeHHM BO BCeX CyYaAX: IPH MOG6OH cTeneHu HacbIUe- 
HH CTaJIH, MpH 000K BeHYMHe BOSAYWIHOTO 3a30pa, pH CaMbIX pa3- 
HooOpa3Hblx dopMax MovilocoB, NpH J060M XapakTepe MexaHHyecko# 
Harpy3Ku HW T. 0. EQHHCTBeHHDIM JOMYULeHHeM B MeTONe ABAAeTCA mpe- 
HeOpexkeHHe BUXpeBLIMH TOKaMH, CylelyeT OTMETHTb, 4TO NU OOUH U3 
U3ZBECTHELX METOOOB pacueTa OUunaMUYeCKUX XAPAKTepUuCcTUK He y4urot- 
6QeT BUXPeBbLX TOKOB. 

OObIuHO cuHTaioT, 4¥To Metog H. E. Jinicopa rpomoszKkuii, u60 Tpe- 
Oyer OonbuOro YHCa rpaduyeckux NOCTpOeHHH HW OCHOBAH Ha nocae- 
AOBATCJIbHBIX NMpHOMKeHUAX. Ilo sTOMy NoBOAy clenyeT cHenaTp pan 
3aMeuaHun. 


' WH. YW. Wexxep, [pumenexne metogos ycnennoro HHTerpHpoBaHha WIA pac- 
VeTa AWHAMHYECKHX XapaKTePHCTHK SCKTPOMAFHHTOB NOCTOMHHOLO ToKa, Tpyan MOM, 


Bhi, VII, FOU, 1951. 
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[pomosaKocth rpadwyeckux MOCTpoeHHh 3aksiOUaeTCA He B CaMOM 
metone H. E. Jlpicopa, a B NocTpoeHuu 3aBucumocten = (i). H3ect- 
HO, UTO pacueT MArHHTHOH Menu C yYeTOM CONMPOTHBJCHHA CTaNH H MO- 
TOKOB pacceAHHA B OOMIEM BHAe BCTpevaeT OONbUIMe 3aTPYAHeHHaA H H3- 
BeECTHbIG MCTOMb pacueTa He OTAHUAIOTCA HH CTPOTOCTbIO, HH NpPOCTOTOH 
pacueta. Ecau »xe mpeneOperaTb COMPOTHBJIeCHHEM CTaJIH, TO MPH 3TOM 
BCAKHe rpauuecKkHe NMOCTPOeHHA OTMaMaloT H 3aady MOKHO PeLATh 
aHaJIHTHYeCKMM NyTeM, Kak mpeguaraer H. E. JIbicos. : | 

CyemyeT OTMeTHTb, UTO B HEKOTOPBIX CJly4anx CTporHw pacueT AH- 
HAMHUeECKHX XapaKTePHCTHK MOXKHO BeCTH WHUWb MeToOM H. E. JIbicosa. 
Hanpumep, B cly4ae, ec CHcTeMa HacblilleHa H NpW 9TOM Hesb3a MpH- 
meHuTb (opmysy MaxcBenma, BpAA IM yMecTHO MIpHMeHeHHe Apyrx 
mMetoyus. Uro xe KacaeTca mpHMeHeHua H. E. JIbicoBbim MeTofla mocwie- 
JOBATebHBIX MpHONHKeHHH, TAK 9TO TObKO YBeHYHBAeT TOYHOCTb 
pacueta. | 

Pacuethl, IpOBeAeHHbIe HAMM MeTOJOM H. E. Jlptcopa, moKa3aqu, 4TO 
MOXKHO CO BTOPOrO pa3a HalTH MpaBHJIbHOe HallpaBseHHe HCKOMOH Te- 
pexoquHon KpuBol ¢=/(t). 3necb MOXKHO [aTb HEKOTOPble pekoMeHa- 
wu. Ecau nocae nepsoi nonbitkH paBexctso (11) He coOmogaetca, TO 
cnenyer TYT Ke MpHKHHYTb, Kakoe 3HaveHHe Aw aso Obl CoOmMOMeHHe 
papenctsa (cm. dur. 1). Ucxoasa u3 sToro HYy2KHO H BbIOUpaTb BTOpOH 
pa3 HCKOMOe HampaBsleHHe. CielyeT 3aMeTHTb, ITO TIPH H3MCHEHHH Ha- 
paBseHia OTpe3ka, H3MCHHTCA TakKe H MMOUWAaNb TPeyTOMbHHKa, CO- 
OTBETCTBYIOINAad MeXaHHyecKkOH padoTe, COBEpLaeMOH AKOpPeM, T. €. CO- 
OTBETCTBeEHHO H3MeHHTCa H OTpe30K BpemeHH. IlosTomy mpeAnosaraemoe 
PpaBeHCTBO MOXKeT HapyWHTbCA. OHakO, KaK MOKa3bIBAeT MpaKkTHKa, 
TakOe H3MeHeHHe BO MHOPHX Cy"aAX He BHOCHT CYLeECTBeEHHOH PaSHHIIbl 
B NepBOHavadbHOe 3HaveHHe HaWAeHHOTO HHTepBadla BpeMeHH. 


TIpenctaBjnetca BeCcbMa YHOOHEIM Jake Ip HeHACbILleHHOH MarHHT- 
HOW ILeMH NOJIb3OBaTbCA BCe-TaKH rpado-aHaJUTHYeECKHM METOJOM, a He 
AaHaINTHYeCKHM. ITO 3HaYHTeIbHO OGseruaeT padoTy, HOO mocle pacueta 
JBYX-TPpex HHTeEPBaJIOB yKE BHIABIACTCH XAPaKTep HCKOMOK MepexoaHOH 
KPHBOM TOKa H MaJIbHeHIIHK pacueT NOCMELYIOUIMX HHTePBaJOB GoublUuen 
YaCTbIO He TpeOyer MOCMEAOBATEMbHLIX NPHOMHKEHHH; KPOMe STOTO, rpa- 
cbvueckoe MOCTpOeHHe YBeJIMUMBAeT HAPIAMHOCTb HW Cpa3y BbIABIACT BOS- 
MOMKHbIe OWHOKH Np pacueTax. B 9TomM cilyyae MOCcTpoeHve xapakTepH- 
CTHK } =f (i) B Buse MPAMbIX He MpecTaBAeT HHKAaKOrO Tpya. 

Mero H. E. JIbicopa umeeT elle OMHO BaKHOe NPeCHMYLUecTBO NepeA 
TPEMA PaCCMOTPCHHBIMH BbILe MeTOLaMH, B KOTOPHIX Ipomecc pa36u- 
BaeCTCA 10 BPCMCHHBIM HHTepBawlaM. SICHO, YTO AJA ONpeseneHHg YHCIa 
HHTCPBaJIOB HW BeJIMYHHE! Ka2KLOrO H3 HHX HEOOXOZHMO IIpeABapHATesbHO 
XOTH Obl OPHEHTHPOBOUHO 3HaTb OOulee BpeMa ABHKeHHA. Ilo MeTosy 
sxe H. E. JIpicopa ucno HHTepBasIOB HM HX BeAHGHHa MOFyT ObITb C Ca- 
MOTO Havaya OMpeyeseHbl OAHO3HAYHO, TaK KaK MOJHbIH xOJ, AKOPH 
Bcerfia H3BeCTeH. 

H. A. Jiupmuu npn paspa6orKe cBoero MeTOfa OepeT 3a OCHOBY 
cnyuali, Kora B Mpolecce ABH2KeHHaA TOK B OOMOTKe 9eKTPOMarHHTa 
OcTaeTCd H€H3MeHHBIM, 4¥TO BCTpeyaeTca CpaBHUTebHO penKo. Ipasza, 
H. A. JimBuiui yKa3bIBaeT, 4TO B Tex CAy4aAx, KOFa MPOHCXOMKT HS3- 
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MeHCHHE TOKa, <B.YaCTHOCTH, IPH 3HaIHTeEMbHNX, CKOPOCTAX MOABU2KHHIX 
OpraHoB, HeOOxXOZHMO OMpeeNATh CKOPOCTh ABHKCHHA MOABHXKHEIX .Op- 
raHOB, NONbL3YACb. AHHAMHYECKOH TAFOBOM XapakTepHcTHKON ‘MeXaHH3Ma, 
YUHTHIBalOleH H3MeHeHHe TOKa B OGMOTKe B Mpomecce nepeMeuleHHuA 
NOABUKHEIX OPraHoB». - 

K coxkaJeHHio, aBTOp OrpaHHYHBaeTCA TOAbKO 3THM YKa3aHHeM H He 
aeT HHKAKHX NOACHeEHHH, KaK Ke HaHTH STH AHHAMMYeCKHe xapakTe- 
PUCTHKH, T. e. BONpOc ocTaeTCa OTKPHITHM; CaM aBTop v3naraer ‘MeTon 
AJA CAYIaAH, KOTLa TOK BO BPeMA JBHXKeHHg OCTAaeTCA HEH3MCHHHM. | 

SHeCb ONATh BOSHUKaeT BOMpPOC, Kako 2Ke NPHHATD pacwetHHn TOK 
BO BpeMA ABHKEHHA NOLBHKHEIX OpraHos. H. A. Jimpunn chpapesnHBo 
yKa3blBaeT, YTO THFOBAaA : XaPaKTePHCTHKA ONpenenneTca «BenHOHHOe 
TOKa, MpoTeKaiollero wepes O6MOTKY .SNCKTPOMArHHTHOTO MéXaRH3Ma 
BO BpeMa Mepexoya AKOPA OT NOMORKeHHA NOKOM AO pabouero nonoxe- 
HHA, H Ip PasHHIX 3HaveHHAX TOKa MoMyyalOTCA pasHble BpeMeHa WBH- 
*KeHHA». ABTOP He TelaeT ykasaHHit OTHOCHTEBHO HaXomMeHHA pacuer- 
Horo ToKa. MoxkxHo CheraTh TpexnoOKeHue, WTO TAKHM TOKOM B HeKO- 
TOPBIX CLYYAAX MOMET CIYAKUTb TOK .TporaHHa. ~ “aay = 2 

Cuenyer mpeqocrepeyb OF HCNONbSOBaHHA CTATHYeCKHX TATOBBIX xa- 
PaKTepHCTHK, NOCTPOeHHEIX IPH TOKe, paBHOM CBOeMy YCTaHOBHBIIeEMYyCA 
3HayeHMio. Tako NOAXOA MOET NPHBECTH K TpyObIM NPHHWHNHAAbHEIM 
OlHOKaM. Tak, HalipuMep, eCIH yBeHYHM HanpsxKeHHe, MomaBaemoe 
Ha OOMOTKY, HO pH STOM MOCTeqOBaTeIbHO BKIOUHM Takoe o6aBoio0e 
CONPOTHBJeHHE, YTOON YCTaHOBHBIWHHCA TOK OCTaJICA HEM3MeCHHHIM,. TO 
CTATHYECKHE XAPaKTEPHCTHKH B OGOMX Cyyaax OyAyT COBepIIeHHO Oni- 
HakOBH. IlosTOMy BpeMeHa, ABMXKeCHHA,. paccuNTaHHble M0 .. MeTORy. 
H. A. Jlupimnua, takxe nonyyaiotca OMHaKOBLIMH. HetpyaHo BHZeTD,. 
uTO Ha CaMOM Jejle BO BIOPOM Ciy¥ae BpeMa TporaHua H ABHKeHHA 
OyteT MeHblle, TaK KA4K IPH STOM MOABOLHMaA MOLIHOCTD H3 CeTH Gonb- 
wie, YEM B NepBoM cyuyyae, _. a ' ey. ee 
_ bBonee toro, ycravopnenHoe B mpeqbiqymeh crate CYWECTBOBaHHe 
ONTHMAJIbHOM HHAYKTHBHOCTH (B YaCTHOCTH, ONTHMasIbHOTO uNCAAa BHT- 
KOB) MOKAa3bIBaeT, YTO B HEKOTOPbIX CYYaAX 4eM BbIWe TATOBag xapak- 
TepHCTHKa, TEM OONbWe BpeMa CPpabaTbIBaHHA. 


B caMoM iene, ecu 6yYeM YBeNHYHBAaTb YHCIO BUTKOB 3a npevzenb 
ONTHMaJbHOPO 3HaYeHHA, TO pH STOM TATOBbIe XapaKTepHCTHKH OyAyT 
BCe BbIle H BbIlle (CYHTaeM CHCTeMY HeHAaCHILIeHHOM). Oqnako BpemMeHa 
CpaOaTbipaHia OyAyT YBeJHYMBaTBCA, ITO NpOTHBOpeYT OCHOBHOMY 
npHuwuny mMetoga H. A. JIusmmua. , | 

IlosTOMy HchoOmb30BaHHve CTATHYCCKHX TATOBBIX XAPaKTePHCTHK, T. e. 
XapakTepHCTHK AA YCTAHOBHBIUerOcA 3HaYeHHA TOKa, COBepUIeHHO He- 
AONYCTHMO lip pacyeTe MeToyjom H. A..JIupmuua. - | a 

‘Viz Bcero cKa3aHHOro MOXKHO CenaTb BHIBOA, uTO eto H. A. JIus- 
HIMa MOXKHO IPHMECHHTb B TeX CyYaAX, KOra TOK 6 OOMOTKE 9AeKTPO- 
MQ2HUTA 60. 6CE BPEMA OBUNHENUA.AKOPA OCTAETCA NOCTOAHHOIM U KO2Oa- 
U3BECTHO 3HAXEHUE STOZO TOKA, COrMAaCHO KOTOPOMY H CTPOHTeA HCXOL-. 
Had TATOBaA XapakTepHCTHKa pacueTOM MarHHTHO, HenHv, Tako cnyyai 
MOXKHO ceOe NPeACTAaBHTb, ECM PACCMOTPeT, paboTy cepHecHoro 97eK~ 


TpoMarHuTa (HanpuMep, TOKOBHIe peste). Ip ABHKeHHH AKOpa BENHAHHA. 
5 1848 | | , 
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ToKa BCce BpeMa OcTaeTCH HeH3MeHHOM WH NpaKTHYeCKH ONpesemAeTCA 
BHellHea Harpy3kol. [Ipu pacueTe xe 3CKTPOMAFHHTOB, BKIOUAeMbIX 
Ha HallpsKeHHe ceTH, HcTomb30BaHHe MeToa H. A. Jlupuiuua He UMeeT 
HHKakoro CMBICJIA. | 


AHaJIHTH4eCCKHe MeTO] pI 


Scce Jaer aHanuTuyeckoe pellieHHe YpaBHeHHH AHHaMHKH, HO lNpH# 
9TOM elaeT pA, TAaKHX AONYULeHHH, KOTOPble HAMHOTO YMaJIAIOT 3Hade- 
Hue 9TOrO pellleHHaA. Bce sTH AONyWeHHA ObIIM MOKa3aHbl TPH H3OKe- 
HM 9TOTO MeToma. Cremyer elle OTMETHTb, 4TO B xOJe pellleHHa AUd- 
(bepeHUHaIbHBIX ypaBHeHHH Sicce OTKa3biBaeTCA MaKe OT paHee HM 
NPHHATOTO JONYUIEHHA OTHOCHTeIbHO HHAYKTHBHOCTH. 

CHauajla OH MpHHAN, ITO HHAYKTHBHOCTS ABJAeTCA NHHeMHON PyHK- 
Hel OT XOJa AKOPA, 3aTeM Man petenHe npx LF# f(x) uan L=const. 

C TaKHM JONYULeHHeM, KOHeEYHO, Hesb3q cormacuTpes. Ecam axe 
MPeMNOMOKUTb, UTO OCTAIbHbIe AONYUEHHA ANA HEKOTOPHIX YaCTHBIX 
ciyyaesB MOryT ObITb CIpaBeAMBbI, TO IpH BHHMATeJIbHOM PaCCMOTpe- 
HHH HeTPyYAHO 3aMeTHTb B HHX MpOTHBOpeUHA. 

B camom sese, $icce cuHTaeT, 4TO 


npyt=0 i’=0, i=/, 


T. €. B HauaJIbHbIff MOMCHT ABHXKeCHHA TOK paBeH CBOe€My YCTAHOBMBILe- 
MyCa 3Hayennio. B To xe BpeMa Ficce cBoe pellieHHe WaeT WA cyuan, 
Kora OTCYTCTBYIOT NpoTHBoselicTByiouine CHbI. IIpu sTOM, OAHAKO, Bpe- 
Ma TpOraHHA COBePMIeHHO OTCYTCTByeT, a ABHKeHHE HaynHaeTcA NpH 
TOKe, paBHOM HyJio. CoOcTBeHHO, 3TO HariaqHO BUHO U3 ypaBHeHHA 


(16), mpHBeneHHoro camuM xe SIcce, HOo mpw f=0 v=0; ai =0. Hcuo, 


YTO Mp TaKHX MPOTHBOPeYHBHIX HauyaJIbHbIX YCNOBHAX ABTOP HHKaK He 
MOP TIOJV4HTh pellieHve, KOTOpCe B KaKOH-TO Mepe MOFJIO COOTBETCTBO- 
BaTb PeaJIbHOH KapTHHe. | 

Meroy, Acce NpeaAcTaBIAeT HHTePec, JIMIb KaK MONbITKA aTb MaTe- 
MATHYeCKYIO TpaKTOBKY JHHAMHKH 3/ICKTPOMAFHHTOB; MpakTHYeCcKOe Ke 
HCHONb3O0BaHHe JTOTO MeTOMa JIA PaCcueTOB HHKaK HEJIb3q PeCKOMCHO- 
BaTb. 

A.W. MocKBUTHH pa3pelllaeT npoOeMy JHHAMHKH 9JIeKTPOMar- 
HHTOB HOCTOAHHOFO TOKa BECbMa OPHIHHaJbHbIM CMOCOGOM. SaciyKUBaeT 
6ONbUIOTO BHHMAaHUA YayHoe HCHOMb3OBaHHe ABTOPOM TOFO NOMOMKeHHA, 
YTO 66/IbIIyIO WaCTb BPCMCHH AKOPb ABUKETCA CPaBHUTeJbHO MEJVICHHO 
KH MOITOMY KapTHHa Moma (paccesHHa, BbIMyYMBaHHA) B TeYeHHe 9TOFO 
BPeMCHH IIpaKkTHYeCKH OHA H Ta Ke. ITO MOSBONAeT pacueT MarHHTHON 
el IpOH3BOAMTb TOJIbKO OHH pa3 -—— Ip HadaJIbHOM 3a30pe. 

Kpome toro, A. HW. MockpuTauH mpefjiaraeT BecbMa IpocTo# cioco6 
yueTa HaCbIINeHHaA CTaIM B KOHWe xoma aAkops. [na OonDIIMHCTBa Cyule- 
CTBYIOULUX 9JIEKTPOMATHHTOB JeHCTBHTCbHO HaCbIileHHe HaCTyNaeT TOJb- 
KO K KOHILY xoOa. Tako yueT NOMA paccedHHa HM HACHINLeCHHA CTaJIM 3Ha- 
YATeIbHO MOBbIMaeT TOUHOCTD pacueTa. Hanomuum, uTo Sicce He yUHTHI- 
Bal STHX (bakTopos. Ecnu cpaBHHM MeTogn Scce u A. HW. Mocksutuua, 
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TO YBHIHM, 4TO, MOMHMO 3TUX dakTopoB, y Scce 3HayHTebHO Gombe 
monyurenui, uem y A. HW. Mocksutuua. | oe a 
B caMOM jee, OOMIMM AONyIleHHeM y HUx ABJIAeTCA OTCYTCTBHe CH. 
nmpoTHBogenctaun. Mspecruo, 4To BCio TPYAHOCT, pellleHia ypaBHennit! 
WHHAMHKH COCTaBJAeT TIaBHbIM O6pa3s0M HaJIMYHe AKTHBHOTO COMpOTHB- 
HHA OOMOTKH. Oty TpyqHocTs A. MW. Mocksutun o6xoguT opurnnanp- 
HbIM IYT€M, YCTAHOBHB B3a@HMOCBA3b MEKTY XapakTepHbIMH BeIHYHHAMH 
CHJIbI TOKa, O YEM TOBOPHJOCh B M30KeHHH ero MeTOa. IIpasya, 3yecbh 
He€KOTOpyio NMOrpelHOCTB BBOXHT ycpemHeHHe HaBCAHMOH B O6MOTKE: 
mpoTuBo- OIC, no Ha KOHeYHHIY pesybTaT pacueTa 9TO BAMAeT, N0-BH- 
JHMOMY, Maio. 7 yp 

Sicce 2Ke STY TPYNHOCTb OOXOAHT BeCbMa HeyayHO, NpHHAB Kostb-. 
(HUKeEHT CAMOHHAYKIMH NOCTOAHHBIM 3a BPeMA JIBHXKeHHA, He roBopa 
yxe 0 rpyObIx MONYUIeEHHAX OTHOCHTebHO H3MeHEHHA TOKA H CKOPOCTH. 

TakHM 06pa30M, MOXKHO 3akJI0UHTb, UTO Meton A. HW. MocKsBuTuHa: 
(paKTHYECKH He yuuToLeaeT TOABKO npoTUBOdetcrTeyrowMyro cuzy. TlosTOMy 
aBTOp COBepHICHHO ipaB, YKa3biBan, YTO STO pelleHHe B 3HaUHTeDHO 
CTEN€HH OTPaKaeT peasbHEIh mpomece 6 6oicTpodeticreyrowux sAreKTpo- 
MQ2HUTAX, THE CHJla, PasBHBaeMaA JJeCKTPOMArHHTOM, OKHA 3HadH- 
TEJIbHO MPeBbIINaTb NPOTHBONEHCTBYIONLYIO CHU. 

Pacuer mMetonom A. HW. MocxsutTuna ete yqo6eH Tem, 4To cpa3y 
onpeleisetca O6ulee BpeMa cpaOaTHIBaHHa. 7 

3ecb TONbKO HayO MOMYeEpKHYTb, uTO CAMO aHaNHTHYeECKOe pemieHue 
maetca O6e3 yueTa ABYX raBHbIX *bakTOPOB: aKTMBHOTO CONpoTHBAeHHA 
O6MOTKH H CHJIbI MpoTuBopelicrsua. XoTA M akTHBHOe CONPOTHBJIeCHHE B 
HabHeHWeM YUMTbIBAeTCH C MOCTATOYHON AA NpakTuyeckHx pacueTos 
TOUHOCTbIO, HO OHO HeMOcpeACTBEHHO He (purypupyer B NOMYUeHHEIX aBTO- 
POM 3aBHCHMOCTAX, ONHCHIBaIOWHx THHAMHYeCKHA Mporecc. 7 

HecmMorps Ha 9TO, peilleuve, mpeyqmomwenHoe A. WH. MocksuTHunim, 
ABIACTCA BaXKHbIM IWarOM Bileped B PasBUTHH pacueTOB AMHaMMYeCKHX 
XapakTepHCTHK. | , wate 

B. C. CoTcKoB B OTAMYME OT MpeAbINyWMX aBTOpOB Aaer aHaJiu- 
THYECKOE pellleHHe ypaBHeHH AMHAaMHKU C YYeTOM BCex OCHOBHBIX (aK: 
topos. B sTom 6oubllas 3acilyra aBTOpa, HECMOTPs Ha TO, 4TO pelteHne 
STO HOCHT NpHOJIW2KeHHEIA xapaktep. CoOcTBeHHO, CAMHCTBeHHEIM ony: 
ULCHHEM 37eCb AB.AeTCA TO, YTO B. C. Corckos 3apanee 3amaetca pyaK- 
UMeH MOTOKa OT BpeMeHH B Be CTeleHHOrO pana. DkcnepumMenTasDHHe 
JaHHbIe TOKAa3bIBaIOT 1aBHOe BOSPaCTaHHe NOTOKA B PeKUMe AHHAMHKH, 
NOSTOMY Takoe IpeACTaBeHHe MOTOKA B OOMbINON CTeMeHU COOTBETCTBYeT 
WecTBuTembHocTH. HacbillleHHe CTanH yYYHTHIBaeTCA BBeeHHeM TOCTOAH- 
Horo cjlaraeMoro B ypaBHeHHe MarHuTHOH wen. LlenHoctn storo cytd- 
raeMOro 3aKJIOUaeTCH B TOM, YTO B HEM MOXKHO TakxKe yuecTp Norepu 
HaMarHWHBalolleh CHJbI B Mapa3HTHbIX 3a30pax, KaK HalipuMep, B «BoO- 
POTHHUKe» OpOHEBOrO CO/IEHOHAHOTO 3JIeKTPpOMarHHTa. 

BesycOBHO, NOb3yACh 3THM ME€TOMOM, MOXKHO TakxKe yuecTh Hu N0- 
TOKH PaCCedHHA, BBINYYHBAHHA C ROCTATOYHOM Aa NpakTHyeCcKux ‘pac- 
Y€TOB TOUHOCTbIO. YUHTHIBag elle KOMMOHECHTH! MpOTHBOMEHCTBYIOMUX 
CHI, 3ABHCALIMe OT MOMOKeHHA M CKOpOcTH akops, B. C. Corckos Ha- 
MHOFO paciliMpaeT OOaCTb MPHMeHeEHHA CBOeTO MeTONA. 

\ 
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Takum: o6pasom, Meton Bb. C. Corckosa -yuHTbIBaeT BCe OCHOBHbIe 
qakTopbl, XapaKTepH3ylolllne WHHAMMYECKHH MpoUecc, H NOITOMY. OH AB- 
jinerca Hav6onee O6ULHM M3 BCex H3BeCTHbIX aHaJIMTHYeCKHX MeTOOB 
pacueta. js | . | 

HenoctaTkom Metona B. C. CorckoBa ABJIAeTCA CMOXKHOCTh KOHEY- 
HbIX YPaBHeHH, TO HECKOJIbKO 3aTPyAHAeT UX NMpakTHYeCKOe HCTOJIb- 
30BaHHe. IlosTOMy aBTOp, BBeAA HeKOTOPble OOOOMeHHbIe NapaMeTpHl, 
aeT 3€BHCHMOCTH OTHOCHTeJIbHOTO MepeMellleHHA AKOPA B BHAe rpadu- 
KOB, KOTOpble MOFyT ObITh HCMOb30BaHbI Dia pacueTa BpeMeHH ABHKE- 
HHA SCKTPOMArHHTHbIX M€XaHH3MOB: : 7 

Meron B. C. Corckopa, xoTra um mpHOaHKeHHO, HO B OCHOBHOM 
paspelliaeT IpoGjeMy aHasMTHYeCKOrO pacueTa MHHAMMYECKHX xXapakTe- 
DHCTHK. foe 4 

H. A. Jiu BUHL WaeT aHanuTHYeCKOe pelleHve Jin DBYX YaCTHbIX 
clyyaes pacnovloxKeHHa TATOBOH H Harpy304uHOH xapakTepucTHK. Bore 
Obl MpHBeseH aHaiH3 OO6ulero MeTOMa ABOMHOTO rpaduyeckoro HHTe- 
rpHpoOBaHHsa; Bce Te 3aMeYaHHA B PaBHOW Mepe OTHOCATCH H K 3STHM 
aHaJIHTH4eCKHM MeTOaM. K HAM MOXKHO TOAbKO OOaBUTb, ITO AONON- 
HHTeCJIDHbIe JONYULHHA Mp aHAANTHYeECKOM PeleHHH elle Oomee CyKaIOoT 
o6acTb IIPHMeHeHHA WaHHOTO MeTORAa. etn 

H3 paccmoTpeHua pa3IM4HbIxX METOAOB BHAHO, YTO COBETCKHe yUeHbIe 
BHECJIH HAHOONbIUINH BKa B paspelleHve MpoOOeMbl AHHAMHKH 3J1eKTpPO- 
MarHUTos. 


BO3MO)KHOCTH AHAJIHMTHYECKOFO OMPENEJEHHA 
ONTHMAJIBHbIX COOTHOWIEHHH JIA MHHHMAJIBHOTO BPEMEHH > 
ABHDKEHHSA MO CYWLECTBYIOULHM METOJXAM PACHETA 


[IpopezeHHbii aHamv3 MeTOZOB pacueTa ZHHAMHYeECKHX XapaKkTepH- 
CTHK 3JIEKTPOMAFHHTOB NO3BO/IAeT NepeHTH K BaKHOMY, BOMpOCcy,— BO3- 
MOXKHO JH OMpeseseHHe ONTHMAJIbHOM WHAYKTHBHOCTH MO CYyLLecTBylO- 
UMM MeTOMaM pacueTa BpeMeHH ABHKEHHA. 

PaccMaTpuBas C 3TOH TOUKH 3peHHA MeTOApI pacueTa THHAMHYUCCKHX 
XaPaKTepHCTHK, MPHXOAMM K BbIBOLY, YTO MeTOAbI MOCMeAOBAaTeIbHEIX 
HHTeCPBaJIOB He MOFyT AaTb aHaJIHTHYECKOTO pellleHH” MOCTABJeHHOH 3a- 
nau, Bpl6paTp ONTHMaJIbHbIe COOTHOIMeHHA S3THMH MeTOZaMH MOMKHO 
JAWIUb CepHeli pacueTOB HM MOCTeNeHHbIM MpPHOJHKeHHEM K ONTHMAJIbHbIM 
napaMeTpamM. 

M3 paccMOTpeHHbIX aHAaMMTHYCCKHX MeTOMOB 3aCJlyKHBalOT BHHMA- 
Hua MeTonH B. C. Corcxopa u A. MW. Mocksutuua. 

Jina nonyyeHua 3aBHCHMOCTH BPpeMeHK JBHKCHHA OT BCeX OCHOBHbIX 
flapaMeTpos, HCMO/Ib3yA aHasuTHYeCKHH MeTog B. C, Corckosa, cnezyet 
B ypaBHenHe (34) NOMCTaBHTb 3Ha¥eHHe HauaJIbHOrO 3a30pa, Torga N0- 
JTYYHM 


8) == Qe sin (Wk, t— 9) + A+ Bt+ Ce. (38) 


YpaBHenHe 93TO HeEOOXOAHMO PelIHTb OTHOCHTEJIbHO BPeMeHH, T. €. 
Halo NOMYITh PYHKILMIO 7 


tas =f (Bo, Q, p. ki; 9, A, B,C). (39) 
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OgHako ypaBHenve (38) aBAdeTCH TpaHCHeHACHTHLIM, H pelteHve ero 
B oOlleM Bue He NpelcTaBAeTCA BOSMOKHBIM. 
.°,BeCbMa 34M@HYHBBIM B STOM OTHOIeHHH aABAaeTCA aHaMTHUeCKHi 
meTon A. HM. Mocksuruna, alouHi HemocpeycTBeHHY!o 3aBHCHMOCTE 
BpeMeHH CpaOaTbIBaHHa OT OCHOBHBIX MlapaMeTpos.: PaccMoTpHM Gowee 
HOMPO6HO STOT MeTOL. ; : 

‘Metron A. VW. MocksutuHa, Kak usBeCcTHO, Baer ananuTuyeckoe 
pellienHe 6e3 yyeTa NPOTHBOJelicTByIOUleH CHJbl H AKTHBHOTO COMpOTHB- 
eHHa OOMOTKH; MoceqHee B MabHeMleM YUHTHBaeTCH HO yxe HCKyc- 
CTBCHHBIM MYTEM, C MOMOLIbIO pacueTHbIx KOSPPHUHEHTOB, peKOMeHsye- 
MbIX aBTOPOM. ars : | 

_ Peumm ypapuenusa quHamuku no A. HW. Mocxsutuny, NpeAcTaBuB ux 
B CJIENYIOWLeM Buse: 


it =—, | | 7 7 (40) 
mF = hO, | _ _ + (41) 


rae k — KooPOuuMeHT, 3aBHCALLM OT KOHCTpyKWMU ameKTpoMarHuTa. 


Onpexemp Bbipaxenue noToKa u3 ypasHenua (40), noncraBuM ero 
B ypaBHeHHe (41). Torga pemenue nocnegHero ypaBHeHuaA ocytie- 
CTBIACTCA HeEMOCPeEACTBEHHO, H B MTOre NONyIUM .  . re 


ieee. (42) 


12mw? 
Otcioza erkO MOXKHO ONnpexenuTD BPeMa cpa6aTLBaHuag: 
t=) / eamet (43) 
cp  . BU. * - 


Zlna sieKTpoMarHvta c OHHM pa6ouyHM 3a30poM, HanpuMep, 6pone- 
BOrO COJeGHOMAHOrO | | | - 


1] 


— (44) 








QoS 
Tina Ul-o6pasnHoro snextpomarHuta | 
SS 1 | | 
BS Sa 


rye S — mnoulawb ceveHHa cpeaAHero cepmeqHuka. | 
[lozcrapus sHayeHue aToro KoaddpuuneHta B dopmysy (43), HoyUHM 
COOTBETCTBEHHO JJiq OPOHEBOFO JeCKTPOMArHHTa | 


i | 
24 S8ymnw? 
tga y/ eee (46) 
aaa Ul-o6pa3Horo a 
goer | 
aa — L2p)S89mw2 , os 
tga y/ Pesene =. 7 (47) 
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Ecjiv MIpHHATb BO BHHMAHHe, 4TO AIA OpoHeBoro 


L's w®, | (48) 
Be 
a jin LU-o6pa3xHoro | 
— 20S aye : 
Lo= ot, WW, (49) 


To tbopmyvip (46), (47) MoxkHO MpeACTaBHTb B o6iem Bue 


Lo= ye . 


(90) 

STO B CYIMHOCTH H eCTb aHamuTHueckan @opmyna A. HW. Mocxsutuna, 
‘ganucaHHad B HOH dopme. Takas 3anmuch opMysbl yHoOHa TeM, 4TO 
€€ MOXKHO IPHMCHHTb O1K 1106020 9ACKTPOMAZHUTA, NOACTABUB 3HAYeCHHE 
HHJYKTHBHOCTH, OMpeeIf#eMOe KOHCTPyKUHeH 9JIeKTPOMATHHTAa. ITa 
dbopmyaa pekomexOyerca Boobie Orn pacueTos no MeTOOY A. H. Mo- 
CKGUTUNQ. 

B npeabizyue cTaTbe Obi NOKa3aHO, UTO TIpH HHAYKTHBHOCTH, PaB- 
‘HOM HIM MeHbIUeH HeKOTOPOrTO MHHHMAJIDHOrO 3HaYeHHA, JICEKTPOMArHHT 
Boole He cpa6oTaer. A no @opmyste A. MW. MocksuTHna C YMeHbIICHHeM 
HHAYKTHBHOCTH BpeMa cpaOaTniBaHia Bce Ooee YMeHDbUIaeTCH, H B 
mpenene pH Ly=O umMeem 


UTO, KOHeYHO, He COOTBETCTBYeCT JEHCTBUTCbHOCTH. 


3HaunT, Momb3yacb Meroyom A. WV. MockBuTuHa, TakxKe HeJb3q Hal- 
‘TH ONTHMAJIbHbIe COOTHOWeHHA QJICKTPOMArHHTa. ITO BIMOIHE NOHATHO, 
HOO 30eCb MbI WpeHeOperaeM TAaKHMH BaKHbIMH WapaMeTpaMH, Kak MNpo- 
THBOACHCTBYIOULAA CHJla H AKTHBHOe CONPOTHBNeHHe OOMOTKH. 

Takum O6pa30Mm, BCe CYWeCTBYIOINHe MeTOAbI pacueTa He MOSBOAIOT 
pelUHTb NOCTaBEHHY!0 3afayy: HAaHTH aHaMHTHYeCKHM TIYTeM ONTHMaJIb- 
Hble COOTHOLICHHA JIA MHHHMA@JIbHOTO BPCMeHH ABHKEeHHA. 


B bI BO J bi 


1. [pado-aHamutTuyeckui MeTtog H. E. JIbicopa ABJIAeTCA HaHOosee 
‘OOUIMM He TOJbKO H3 MeTOJOB MOCMeLOBaTeJIbHbIX HHTepBaJIOB, HO U 
BOOOMe H3 BCCX H3BECTHEIX MeTOJOB pacueTa JHH@MUYeCKHX xapakTepH- 
CTHK 9JIEKTpOMarHHToB, OH MOET ObITh NMPHMeHEH MpakTHYeCKH MPH 
JOObIX 3A47aHHbIX YCJOBHAX. 

2. Merogbl NWocneqoBaTebublx HHTepBaiop A. Vi. MocksuTuHa 
B. C. Corckosa MoryT ObITb MPHMeHeHHI Mp Sompmuiux padounx 3a30pax, 
Kora MOXKHO MpeHe6peyb conpoTuBeHuem cTasH. [lpn 3sTOM NOTOKH 
paccesHUA H BbINYaYHBaHHg” MOryT ObITh Y4TeCHHI. 

3. Ucnonp30Baune metoya Lionepa nemecooOpa3Ho MpH MaJIbIx pa- 
6ounx 3a30pax, KOra CONMPOTHBAeHHEM CTaIM Hesb3a npeHeOpeyp. Jpn: 
XKEHHE AKOPA MPH 3TOM MOJDKHO ObITh BAOIbh CHOBBIX JIHHHH. 
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4. Meronu pacuera, npennoxennpe H. A. JInsuruuem, Moryr Haft 
‘IPHMeHeHHe JIHWb AA CepHeCHIX 9/eKTPOMarHHTOB, KOTa H3BeCTHO 
3HaveHHe TOK, TIpoOTeKalollero 10 OOMOTKe SJIEKTPOMArHHTa, B porecce 
ABUKCHHA AKOPA. 

o. [Ipakruyeckoe ucnosb30BaHHe MeToga Scce He npencrapnsaerca 
BO3MOKHBIM. 

6. AHanutTuyeckuit Meton A. W. MocksutuHa BecbMa yno6eH AIA 
pacyeta ObIcTpomekcTByIOWMXx 9eKTPOMArHHTOB, Kora TATOBbIe YCHIHA 
SACKTPOMArHHTa HAMHOTO MPeBbIWNAalOT CHJIbI MPOTHBOReHCTBHA HW KOTLAa 
M@arHHTHOe CONpOTHBJeHHe paOouyero 3a30pa NpONOpMMOHAIbHO ero AWH- 
He. MarHvTHans CHCTeMa pH HavasbHOM 3a30pe AONKHA ObITb HeHAChI- 
mcadod. oe 3 Cena ee 

7. Metog b. C. Corcxosa sapnaerca Hav6onee o6ulHM 43 aHanHTHUe- 
CKHx MeTOZOB pacueta. I[pakTuyecKkoe NpHMeHeHHe 3TOTO MeTONA Ilee- 
<o00pa3HO MpH HCHONb30BaHHH MpHBeAeHHEIX aBTOPpOM rpadwyueckHx 
3aBUCHMOCTeH OOOOULCHHEIX MapamMeTpos, OCOGeHHO B CAy4ae, KOTAa TIpo- 
THBOACHCTBYIOIUHMH YCHIMAMH HeJb3a MpeHeOperaTb, H NOSTOMY aHaJi- 
THYecKHH Meton A. H. Mocksutuna Hesb3q HCromD30BaTD, | 

8. CylllecTByiolwe MeTOZbI pacueTa BpeMeHH ABHOKeHUA He M03BO- 
JIAIOT TNIOMY4YHTb HeEOOXOAMMbIe aHaJIMTHUeCKHe BbIPaKeHig B OGIIIEM 
BHe LA ONTHMAabHOW HHAYKTHBHOCTH H MHHHMAaJIbHOrO BpeMeHH JBH- 
*KeHua. Paspellienve STO 3aa4uH BO3MOMKHO JIMIUb NPM HaxoKReHHH 
HHOTO pellleHHA MCXOZHbIX AMPPepeHuvaNbHBIX ypaBHeHHy THHAMHKH. 


JIATEPATYPA 


1. Ba6uxos M. A, Snexrpnyeckne annapatui, 4. 1, roH, 1951. 

2. Jusmwo H. A, K sonpocy 06 avanuse BpeMeHu 2BAa KEHNA AKOPA IICKTPO- 
MarHUTHBIX MeXaHH3MoB, «<ABTOMaTHKa MU TeleMexaHHKa», 1939, Ne 2. 

3. JIup muy H. A. Onpexenenve speMeny JBM xKeHHA MONBYKHBIX OpraHoB 3J1eK- 
TPOMArHHTHOTO M€XaHH3Ma Mp ero cpaOaTbipaHHH, «M3BecTuA 31eKTPONpOMbILIIeH- 
HocTH cu1a6oro ToKa», 1940, Ne 11. 

4. Jincos H. E., Pacuer snexrpomarHHuTHblx MeXaHH3MoB, O6opourus, 1949: 

5. JIinpcos H. E., K pacuery aHHamuueckux XapaKTepHCTHK 3eKTPOMAaNHHTOR, 
«BecTHHK 2/1eKTpONpoMbIuIeHHOCTH®, 1941, Ne 3. | ; 

6. Mocxsputun A. V, Ocnosnsie mpo6emn 3CKTPHYCCKHX MalUHH MpsxAMO- 
JIHHEHHOTO JBHXKeHHA, «QeKtTpuyectBo», 1941, Ne 2. | 

7, MockBuTunA.H., Ypasyenua mpotieccos B 21eKTpoMaruute c ABHKYULAMCA 
akopeM, «M3pecrus Akaqemun Hayx CCCP», 1948, Ne 4. 

8. MockxBpwTun A. H., Snextpuyeckne malluHi BO3BPaTHO-nocTynaTebHOoro 
ABwxKenuA, H3y. AH CCCP, 1950. As 

9. Texkep MH. H., Tpumenenne mMeronop yncenyoro HHTerpHpoBaHHg WIA pac- 


WeTa HWHAMMYECKHX XapakTePHCTHK S3EKTPOMAFHHTOB NOCTOAHHOrO TOKa, Tpyan MOH, 
sum, VII, T9H, 1951. | 7 
10. Cotcxos B. C., Snementar aptomaruyeckoi u TeJIEMeXaHHyecKon almapa- 
Typ, TSH, 1950. | 
il. Corckxos B.C., K sonpocy o npu6auxenHoMm pemennn YpaBHeHHi Bu KenHA 
As NOXBYHKHOH CHCTeMbI pele, <ABTOMATHKa H TeleMexaHuKa», 1950, Nel. 
12. Cotrckosn B.C, RaexaG6GpyuH. E. u Myruanosa H: A., 3apucumoctb 


BPEMCHH ABWKEHHA NOABHKHOH CHCTeMbI peice OT NapaMerTpos peste, «ABTOMAaTHKa H 
TeIeMexaHuKa», 1951, Ne 4. 


13. Acce 3., Snexrpomaruursi, [IH, 1934. 
14. Schtiler, Die Wirkungsrad des Elektromagneten, ETZ, 1913, S. 613. 
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Kanjt,-texn, nayx C. H. HKOHHHKOB 


O METOJIHYECKOM NEPEXOJE OT OBbIKHOBEHHOrO 
~MOCTA K JBOHHOMY MOCTY (TOMCOHA) — 


Jian H3MepeHHaA MAJIbIX COMNPOTHBeCHHH pu OTCYTCTBHH ABOMHOTO 
MOCTa OOBIUHO peKOMeHAyeTCa MeTOX ABOMHOTO OTCYeTa HH, Jyuue 
CKa3aTb, MeTOX ABYKpaTHOrOo H3MepeHuA. Henu3pecTHoe conporHBseHHe 
Re BkKI0OUaeTCA TO CxeMe, H306paxKeHHOH Ha our. 1. 

B 210m cayyae, kpome Rz, B CXeEMY BXOJUT HeH3BeCTHOe CONpOTHBJIe- 
Hue Y, KOTOpoe ABJIACTCA CONPOTHBJICHHEM y4acTKa, Poe NpHCcoeLuHAIOT- 
CH KOHTAKTbI OT NOTCHIMabHBIX 3axKUMOB 2 Hu 3 (A—1; A—2). 

IlpucoenquHad OHH pa3 ralbBa- 
HOMETP K 3a.KHMY 2, perysIHpOoBKO# 
conmpoTHBleHia Q ypaBHOBellIMBaloT 
MOCT, H TOra CIpaBeAJIHBO paBeH- 


CTBO | 
Q’Ro=P(Ret+Y). — - (1) 


IIlocme 9Toro raJsIbBaHOMeTp 
BKJIOUaIOT Ha 3€KNM 3 H BHOBb 
YPaBHOBelMMBaloT MOCT perysHPOB- 
KOH conpoTuBsieHua Q. Torga enpa- 
BeJIMBO paBeHCTBO 





Mur. 1. CxemMa u3MepeHwa conpotuBue- 
HHA No MeTOLy ABYKpaTHOro oTcuyeTa. Q” (Ro+ Y) =PRz. (2) 


Pellag COBMeCTHO nomyyennnre Ba ypaBHeHHA, ompenensioT Re u Y 
(A—2). 

Cnegyer oO6paTHTb BHHMaHHe Ha TO, YTO YpaBHOBeLUMBaHHe MOTO 
6bI ObITb OCYILECTBJIEHO IPH KAKOM-TO @QHHCTBCHHOM 3HaueHHH Q, eciH 
Obl, NepeMelllad TO COCAMHHTeIbHOMY NpoBowHHKy CD konel, npososr- 
HHKa OT PraJIbBaHOMeTpa, MbI Obl HalllH TOUKY a’, Aemaulyro Y (dur. 2} 
‘TAKHM 00pPa30M, YTOOHI ObIIO CIIpaBeNJIHBO 


Q(Ro+.¥i1) =P (Ret Ye). (3) 


Ho B 3TOM cayyae HaM HeoOOxORHMO ObWIO Obl 3HaTb Y; H Yo, ATO 
MOrIO Op BbISbIBATD elie OOMbIUHe 3aTPYAHCHHA, TaK Kak 3TH COMpo- 
THBJICHHA, MOAOOHO Y, AOMMKHHI COMepKaTb elle MepexogHoe Comporus- 
JIGHHe B TOKOBBIX 3axKHMax C u D. OnHako, npacoenuHaAa K MOTeHILH- 
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aJIbHbIM 342KHMaM 2 H 3 HeKOTOpoe comporuaseniie MbN (our. 3); 5 MOX- 
.HO OTBICKaTb Ha HEM. TOUKY TaKOrO xe NOTeHIMala, Kak NMOTeHWHAal 
‘toukn F w TOUKH Gg}. conpoTuBienig Mu Nmpu stom CTaHOBATCH H3BeCcT- 
HHMH. Tak KaK NOTeHUMaIb TOUeK bua BO BpeMA PaBHOBecus | MocTa 
‘ommHakoBh, TO néepemBluKa ab Mower 1 He CYIN€CTBOBaTb: 


bee 


tn 4 
ba abs Shee 





‘p 
YY DS 
| MAN... 
AW TL \ 
me t ods 4 
A-jl a | 8 
K, 1%, R.- 
K : ° « | , “ 
—-—h—@ 
Mur, 2. [lpHHunnHanbHaa cxeMa MOCcTa | ®ur, 3. Cxema apennero mocta. 


ne HSMepeHHA, MaJIBIX een 


H3 papnopecua STOrO *Ke MOCTa C neyamu Yj, Ys, MuwWN enenyer 














PaBeHCTBO 
Kom 4) 
a MOCT APB Amodsennes Hanucats | 
P(Ret ay) ~ 2 (Ret appt) ©) 
mba Me Me 


M3 ypapHenua (4) Moxwkem nosyaHtp 


Tits M+N, Y M+N, 





Le ga Oe ©) 
Y, M Y, M M 
—_—_— FS | 5; OC Y. = —_— | 
YitY, M+N Y M4N’ , ta (7) 


SHauenua Y, u Y, nogctapum B ypaBHenue (5’): 


MY NY 








M ey 
_ @ Q ~ M4+N M+Y 
ep Ret pay NY (8) 
M+N M+Y | 
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Tpou3Boa0 coKpalleHve, nowyuuM 


_Q@,,0@ -\MY omy “46 

Re=p ho t-p M+N+Y M+4N+Y' (9) 
mocyieqHHe claraemble ypaBHeHusa (9) Aerko NpHBO_AT K OOEIYHOH op- 
Me YpaBHeHHA C NOMpaBOUHbIM YWJICHOM: 


_ 2 QM — NP 10 
Rs P Rot? P(M+N+Y) ° (10) 


Kak H3BeCTHO, YHCIMTeCIb NOMpaBOYHOrO YWieHa B MpaKTHKe CTpeMAT- 
Ci MOLOOpaTb paBHbIM HYJIIO, T. €. KOHCTPyKTHBHOe O*opMeHHe MOCTAa 
nmosBoneT HMeTD N=Q, a P=M, u Torga NomyuaioT OCHOBHY!O PopMyuly 


Re= > Ro (11) 


M3no0xKeHHbIM MeTOA MO3BOuAeT: 

1) qaTb MorMueckHi Mepexoy OT mpoctoro MocTa K Oovlee CiOxK- 
HOMY; | 

2) HCKMIOUHTh HEOOXOMUMOCTh pelIeHHA Tpex KOHTYPHbIX ypaBHeHHi 
WIM HeOOXOAHMOCTh NpeoOpa3s0Bahia TpeyrovsbHuKa CONPOTHBeHHH B 
3Be3 LY; 

3) HarisqHO YACHHTb YKOPpeHHBLUIMHCA B NpakTHKe TePpMHH «jJBOH- 
HOFO MOCT€>. 


JIATEPATYPA 


1. Kapaugees K.B., Meroan snexrpuueckux usmepenui, TOW, 1952. 
2. UI pamkos E.I., Qnexrpwueckwe 4 MarHuTHble usMepeHHa, TSH, 1937. 
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° 


___ KPYPOBAS| J[HATPAMMA. JIA, ONPEEJIEHHA 
KO3®HIHEHTOB YCHJIEHHA M0 TOKY H HAMPSKEHHIO 
MPH KOMMJIEKCHOM HAFPY3KE 


_. YchIHTeIb, pa6oTaloulMi pA AocTaTOYHO MaJIbIx TOKaX HM HalipsxKe- 
HMAX CHIHalla, MOMKeT PAaCCMaTPHBAaTbCA KaK AKTHBHBIM JIMHCHHbIK YeTHI- 
PeEXTIOIOCHHK. TakoH YeTbIPeXNOMIOCHHK B CaMOM OOLIeM BHe 10Ka3aH 
Ha dur. 1 c yKa3aHHeM NOJOKHTeNIbHBIX HalpaBJeHH TOKOB H Halips- 
2KeHHH. IIpuBpenenubie HHKe paccyKTeHHA CNPaBeANIHBbI Alia WO6OH cxe- 
MbI BKJIIOUCHHA YCHJUTEMbHOrO SJIEMCHTA, KOTOPHIM MOXET ObITb, B YacT- 





@ur. 1. Uernipexmomiocuuk c yka3aHveM NOJIOKHTeIb- 
HEIX HallpaBJleHHH TOKOB H HallpsxKenuH, 


HOCTH, TPeX3JIEKTPOAHBI mpHOop, pa6oTaioulHH Ha JMHeHHOM yuacTKe 
XapaKTePHCTHKH (TpeX3IeEKTPOMHAA IJICEKTPOHHag JlaMlla, MovlynpoBon- 
HHKOBbIH TDHOA, MHOTOCeTOUHaA JaMMla, KOTOPaN YpaBsAeTCA ONHOM H3 
CeTOK, a NOTeHILMaJIbI APYIMx OCTAaIOTCH TIOCTOAHHBIMH H T. J.). 

_ Jaa ycuaMTesIa C BKJIOUCHHBIM Ha efo BbIXO COMPOTHBeHHeM Ha- 
es. Z, CipabewIuBa Cilemlylolad CHCTeMa ypaBHeHHit B napamer- 
pax Z: 


U,= Zul; + Ziale, | 
O=Za,/, + (Zee + Z,) Ie. (1) 
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Uicnomp3yem sty CHCTeMy ypaBHeHH Aid HaxowKAeHHA KOIPPuLneH- 
Ta ycusieHua no ToKy. Jaa aToro ompenenuM TOKH /; H /2: 
U; Zi 
0 Zao+Zu 
Az 
Zi i 
Z1 0 
Az 








h, = ; (2) 





ie ae (3) 


OrHomenue Toxa I kK ToKy /; paBHO KOSpPuUMeHTY ycuseHHA nO 














TOKY: 
Zi “] 
Gea Ra UBL ere ere | (4) 
U, Zr Zy,+Zy 
P'a3euB YHCIMTeAb U 3HAMeHATeNb BbipamKeHin (4) Ha Zoe, Nony- 
qHM 
— 4a | 
Z 
K,=—_—2-. (5) 
ies Zu 
229 


Uvennrenp | BbIpamkeHHa (5) mpemcTaBasxer co6oH KosPMuLWHeHT ycH- 
jeHua M0 TOKY np Zy=0, KOTOpEI ycuoBHMca OOosHayaTD Ki (0). Cae- 
MOBATEIbHO, Dia M060 CXEMbI BKJIIOUCHHA YCHJIHTeIbHOTO 9/IeMeHTa 


Ki ames 1 6 
KiQ) Zn (8) 
Ze 








laa onpeneneHia Koa@qulveuta YCHJICHHA NO HalpAXKeHHIO BOC- 
NOJb3YeMCA CHCTeEMOH YypaBHeHHi B MapaMetpax Y 


i= Y,,0,— VieU; } 
: 7. 
O= — VU + (Yat Va) Oo. | ( ) 


Pemaa cucremy ypaBHeHuit (7) oTHocuTenbHO U, u U2, nonyuum 








I Yi 
; 0 YootY 
U, =a (8) 
Y 
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te 


) Yn z , Ae 
Uya tan Ot (9) 
: Ay et = : 


| OtTHoweHve HanpaxeHia Us x Hanpsxennio U, anaserca Kospdu- 
{HEHTOM YCHJICHHA [10 HanpawKeHWIO =| =—t—tS 











| | | Yu 4 | 
2 iy, OF" EY AG) Yor ie 
i Vp Yoo+ Yu m”) 
O Yat Yn : 
(- Pa3fenuB YHCAHTeIb H 3HaMeHaTesb BbIpPaxeHua (10) Ha Yee, ro- 
JIYYHM 7 
at. 
Y 
Ky = —2—., : (11) 
1+ ~ 
a 


i : F . pai : Y 
“vcauTetb BbIpaxenua (11), T, e. oTHOMeHHE ee npewcTaBaser co- 


Soh KoosuuneHT ycHieHuA NO HanpaxKeHHo npH Y,=0O (Ham npH 
Zs=00). Ycnosumca o603HayaTp ero Ky (00). OrHomenue Kosddunnen- 
Ta yCH€HHA MO HanpsAxKeHHIO MPH: KOHCYHOH BeTHYHHE CONpPOTHB.eHHA 
arpy3k4 K KOSPHUHeEHTY ycueHHA NO HanpsAxKeHHIO NpH XOROCTOM 
XOJ€ Ha BbIXONe YCHIHTeA, T. €. IPH Za=co, MOMKHO 2alHCaTb B BHI, 
COBepIeHHO aHaJOrHyHOM BbIpaxKeHHio (6): 


Se PO tee 
Ky (00) ; ” 


K; 


Ha30Bem ‘oTHOIMeHHEe 
: K; (0) 


YCHMCHHA NO TOKY, a2 OTHOWEeHHE = 





~— HOPMHPOBaHHEIM KOSpHOINEHTOM 





; | 
— HODMHDOBaHH ° 
5) PMHPoOB bIM KO9IMDH 


(HCHTOM YCHeHHA NO HanpsxeHHIO. Bynem o603Ha4aTb ux K,u Ky. 
B cuay Toro, uTo BiIpaxeHun (6) w (12). nomHOCTbIO aHaOrM4HH 
ay Apyry, OHM MOryT ObITb 3aNHcaHH B OOMIEM BHAe CAC AYIOWHM 
o6pa30m: | | | 


I 1 
145M 14+Me/? ° (13) 





W=utju= 


Cnenyet 3aMeETHTb, 4YTO BLIPaxKeHng na K; uw Ky NpHBOAATCA K BHLY 
(13) H€3aBHCHMO OT BbIOpaHHOH CHCTeMBI MapaMeTpoB 4eTEIpexnonic- 
HHKa. 


Bpipaxkenue (13) apaaerca aHanuTHyecKkod cbyHKuHe KOMMeKCHOrO 
nmepemeyHoro M =xtjy=Mel?. Harnaguok rpadpuyeckor HHTepnpeta- 
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| Yn 4 | 1, ke oi a 
7 ee ee ) er: 
Uyeinmtt 


OtHowenve Hanpaxenug Us x Hanpmxeunmio U, apnserca Koaddu- 
(HEHTOM YCHJICHHA {10 HalNpAxKeHHIO | . 











- pipet Neca. nh Yor Bae 
Koa 8 ae a1 : . (10) 
4 1, Vp Yoo + Vu 
0 Yo tila 
( Pa3sqeiMB YHCAHTeIb M 3HaMeHaTeb BEIpaxkeHua (10) Ha Yoo, m0- 
YUM 7 
Ya 
ky=—2_., | | (11) 
ie 
ey) 


' j * F ; : ; Y 
4xcAUTeNb BbIPaKeHua (11), T, e. oTHOMIeHHE ae NpeAcTaBAxer co- 


Goi KospuuvenT ycuenua 0 HanpsxKeHMio mpu Y,=0 (HH TIpH 

s—=0o). YcnoBuMca o6o3Ha¥aTp ero Ky (oo). OrHomenue xoaddunnen- 
Ta yCHe€HHA NO HalpsxKeHHio MPH: KOHeYHOM BeMUNHeE CONpOoTHBeHHA 
arpy3k4 K KOSP@HUHeEHTY ycHeHHA NO HallpaxKeHHIO MpH XONOCTOM 
XON€ Ha BbIXORe YCHHTeNA, T. €. WpH Zy=0O, MOMKHO 3alHcaTh B BHI, 
COBePIWeHHO aHaJIOrHuHOM BLIpaxennio (6): 








| 

SV oats (12) 

Ky (co) 1+ Yu 

Ys 
Ha3o0Bem OTHOIMIeHHE ae , —— HOPMHPOBaHHBIM KoOaddunventom 

i 

YCHJICHHA MO TOKy, a OTHOWeHHE oo , HOpMupoBaHim Kosdmpu- 

) - Ky (00 


HMeHTOM YCHeHHA NO HanpsxeHMo. Byzem o6o3nayaTb ux K,u Ky. 

B cuay Toro, To BEIpaxenun (6) wu (12). nomHocThIO §6aHanOrM4nH 

‘Apyr Apyry, OHM MOTyT ObITh 3aNHCaHH B OOWIEM BHe CeLYIOULHM 

o6pa3om: | | 3 

W=n2+ jv =—- =——__.. 13 
ge 1+M  1+Me/? ) 

Cuegyet 3aMeTuTb, ¥TO Bbipaxenua oa K; u Ky npusonsrca kK BULLY 


(13) He3aBucHMo oT BbIGpaHHo cucTeMEI napaMeTpoB yerbipexnontoc- 
HHKa. 


Bpipakenve (13) apaserca aHanuTHyecKos dbyHKuHel KOMIeKCHOrO 
nepemeHHoro M=x+jy=Mel?, Harnaaguon rpaduyeckoss HHTepnpeta- 
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“Hel 3TOTO BbIPAKeHHA ABAMeTCA KOHMOPMHOe OTOOPaxKeHHe MIOCKO- 
ctu M wa naockxoctn W. Bcskaa OKpyXHOCTb, COOTBETCTBYIOMaA NOCTO- 


AHHOMY Monysio M, nepexoguT B OKpy2XHOCTp Ha NockocTu W, ypaBue- 
HHe KOTOPOH 3aNHCbiBaeTca CeyIOULHM OOpa3som: 


1 es : 
nu? + v?-—2 ae eT =—=(). (14) 








a KOOPAHHATHI WeHTpa H pawuyc onpexemniorca POpMyjaMu 


eceiees,, 
of ee 
v,= 0, 7 | (15) 
M 
= i—mM ° J 


IIpamMaa B naockoctn M, cooTBeTcTBylOllaa NOCTOAHHOMY apryMeH- 
Ty 9, TepexoguT Bp mockoctu W B OKpyXHOCTb, ypaBHeHHe KOTOpPOH 





u2+ v2—u—v ctg o =0. (16) 
KoopyuHaTbl WeHTpa HW pawuyc STO OKPyYKHOCTH ONpezenaoTca Pop- 
MyJlaMu 

i ) 

b= > ‘ | 
1 

=| let (17) 

~ Qsin Y ; j 


Ypasuenna (14) n (16) w hopmynsr (15) u (17) nomyyeHb! oObt4- 
HbIMH IpHeMaMH aHasIHTHYeCKOH TeOMeTpHH ?. 

Ha our. 2,a noKa3aHbl AMHUK NocTOAHHOTO MogyJia M v4 NOCTOAHHOTO 
apryMeHTa 9° B MmockocTu M. CoorpeTcTByloulve HM OKPYKHOCTH B IVIO- 
cxoctu W noka3aHp Ha cur. 2,6. [loxa3aHHble YepHbIM OONacTH Tepexo- 
RAT OHa B Apyry1. Touka 0 Ha nockoctu M nepexoguT B | Ha MOCcKO- 
cto W, a TouKa oo nepexogntT B 0. 

Kpyropaa uvarpaMMa Jia onpewenenua KOSPPuUHeHTOB YCHJIeHuA 
JIAMMIOBbIX YCHMHTeeH H YCHIHTEMeH C TIOCKOCTHBIMH TMOJYIpOBOAHHKO- 
BbIMH TPHOMaMH MoKa3aHa Ha cur, 3. Ona npescTaBAderT co6on 1Ba OpTo- 
TOHAJIbHBIX CEMEHCTBA OKPYKHOCTEH. : 

Oxpy2XHOCTH TepBoro H3 9THX CeMeHCTB OMpeeAIOTCA YypaBHe- 
Huem (14). Kaxkaaa “3 OKPy2XHOCTeH STOO CEMeHCTBAa ABJIACTCA JMHHeH 
nocrosHHoro Mosyia M. Bropoe cemelicTBO OKPyKHOCTeH COOTBETCTBYeT 
ypapHenuio (16). OKpy2xHOCTH STOO CeMeHCTBa IIPOBEeHbI Mp MOCTO- 
AHHBIX 3HAYCHHAX Ila &. 


14... [puspaaos, Ananutnueckaa reomerpus, Foctexusgat, 1945. 
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®ur, 2. Kondopmuoe oTo6pamenve mockocrxa M wa noao- 
ckocTb W, 


IlyHKTHPHbIe NpAMBIe, COOTBETCTBYIOIHe B NocKocry M TOCTOAHHOMY 3H3- 
4CHHIO apryMeHTa , NepexonAT RB NYHKTHPHbIe OKPYXKHOcTH Ha Mockoctu W. 
Crone OKpyXHOCTH B M1OCKOCTH M, coorsetcTsyiomne NOCTOAHHOMY 3Ha- 
YeEHHIO MOAyan M, nepexozar B cnaomHpe OKPY?KHOCTH Ha MtockocTH W. O6- 
1acTb, OTMe€YeHHad YePHbIM B TOCKOCTH M, N€PeXOAHT B 3a4epHeHHYIO o6- 
7acTb MW1ockoctH W. 
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Jina pacuera ycunTenel c TOUCUHbIMH MOMYNPOBOAHHKOBHIMH TPHO- 
@MH MOMKHO HCNOMb30BaTb AaHaJIOrHIHyio AkarpaMMyY, BKJIOYAaIOMLy!O 
OKPYKHOCTH, COOTBETCTBYIOMIHe OTPHILATEIbHBIM 3HANCHHAM YTvla ?. 

Jlna onpeneneHua HOPMHpOBaHHOrO KosDHUNeHTa YCHJIeHHA Ha 
KPyrOByi0 AHarpaMMy HaHOCHAT TOUKY, COOTBETCTBYIOILYIO 3HayeHHIO M, 
YTO IIPOH3BOAHTCA C MOMOLIbIO BbILMeYHOMAHYTOH CETKH OPTOTOHAJIbHbIXx 
OKpyxKHocTeH. 3HaYeHHe HOPMHPOBaHHOrTO KOSPHUHeHTAa YCHJICEHHA Ha- 
XOMHTCA HeNOCpeACTBEHHO H3 KpyroBoK AMarpaMMBL. Ouo faetTca KOOp- 
‘HHaTaMH TOM Ke TOUKH B NPAMOYFOJIbHOK CHCTeMe KOOPAHHAT. 

Ecau otuectu 3nax K,=K,(0) K,« K,(0) u 3nax Ky=Ky (00)Ky kK 


ci 
K, (oc), TO IpH ycaoBuu, 4TO P He MpeBHluaer =r BeKTOpHI Ky 


u K, pacnonoxatca B mpaBok norynaocKkoctn W. 


CoraacHo ompeeseHHto 


U 
K =— —! SS 2 ef (3-21) 
Ve UC ye , 


rne (a,—,)—yroa Mexy AeHCTBUTebHOH OCbIO H BEKTOPOM Ky; 


| I 
K.= —— == — __, a= 2 oJ (B2—- 8+), 
f I, L,e78: I; 


(B,—Bi+™)—yron Mexkiy meiicrBuTeIbHOli OCbIO WH BeKTOpoM X;. 


PasnocTb yraos (a,—a,) u (B,—Bi +) mpeacrapaaeT co6OoH yrou 
mexay BexTopama Ky, u K;. Sta pasHOCTb MOXeT OLITb 3amMcaHa 
CAeCLYIOULMM OOpa30M: , 


(a, — a,)— (Be — B, +m) == (a —B,) —(%, —B,) —* = %2—F1 — 7 = 8, (18) 


B nocieqHeM BHpaKeHHH 9,—=(%—Pe)—yro1 cCABura (pas 
MeXKLy HalpaxeHHeM HM TOKOM B COINPOTHBJCHHH Harpy3KH, ? = 
=(a,— ,)—yroa capura a3 MexKy HalnpsxKeHHeM MH TOKOM BO 
BXONHOHM ILeIH. 

Jina cayuas, KOorya KOMMJCKCHHIM XapaKkTepoM NapaMeTpOB 
UCTLIPCXIIOJIIOCHHKa MO2XKHO MpeweOpeyb, Pa3sHOcTb (?,— 1) onpeze- 
JACTCA HENOCPEACTBCHHLIM H3MePeHHeM ya mexny Ky u K; Ha 
KpyroBpol jMarpaMMe, TaK Kak IIpH 9TOM BEKTOP K, (aa Ky) 
NOBepHYT OTHOCHTeAbHO BexTOpa K; (um Ay) Ha yrou T. | 

Hpumep. Haiitu xosdpduuneHTbl yCHJIeHHA M0 TOKY, HaNpAKeHHIO H 
MOLJHOCTH, BXOZHOe CONPOTHBAeHHe HW yro CABura tas Me*KAy TOKOM HU 
HallpsoKeHHeM Ha BXO/le NOMYNPOBOAHHKOBOTO YCHHMTeAA, BbIMOJHEHHOTO 
mo CXeMe C 3a3@MJICHHbIM 9MuTTepoM. IlapaMeTpbI NOMYNPOBOAHHKOBOrO 
TpvoOsa, HCMOMb3yYeMOro B CxeMe, CEMyIOWHe: 


r,=20 om, r,=9-10° om, 





Toon = 200 OM, P,== 1" 10° OM. 
Conporuseuve Harpy3KH Z, = 34 200 + /93 397 = 10°e/70°, 
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ur. 3. Kpyropaa QHarpaMMa Aja onpelenenna KOSPPHUHEHTOB YCHIeEHHA MO HanpsAKeHHWO H MoO TOKY. 


| Saxas 1848, 
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- Ylas cxeMEI C 3a3@M/ICHHEIM 3MHTTepoM * 
Z11=lytTocn=220 OM, ‘ 
Zy=',=20 OM, 
-Zy=— 1, 910° om, 
Zee =, +%,—1,=1-10° ox, 
Az=Z1,Z92 — ZZ = 4107. 


Onpegeasem K, (0) u K, (co): 


peat, Ce 
K,(0)= Z 1-108 = 9, 
— 9-105 
Ky (co) = 5 oA — 4,09- 10°. 
HaxoguM OTHOWeHHA —* u Je, 





22 Yo ; 
70° 
Zu ea 105¢7 0 : ef70° 








ZS «108 
| -107 : 
Yu Az ; Az _,__4:10 = = 1,82¢—)7" 
Yoo Z1:Zn ZnZu 2,2-10%e/ 


Ha xkpyropoh fvarpaMMe HaxOQMM TOYKY c koopauHatamu M=1; 
9 =70°, NONb3SyACh AyraMH OPTOrOHaJbHEIx OKpyxXHOCTeH. IIpamoyromp- 
Hbl€¢ KOOPAHHATHI, COOTBETCTBYIOWIHE STOH TOUKe, TaloT 3HaGeHHe HOpMa- 
IH30BaHHOTO KOSDuLHeHTa ycHeHHA 10 TOKY (dur. 4): 


K,=0,5—j0,35. 


AHaOrHuHo AJA ONpezeneHHA HOPMAaJH30BaHHOrO KoOadpunHeHTa 
yCHJIeHHaA MO HanpsxeHHiIo HaxOJHM TOUKy C koopaHHatamu M=1,82; 
p=—70°. UnTaem 3Ha¥eHve HOPMaH30BaHHOTO Koop ulwerta ycuse- 
HHA” NO HalipsxKeHHW: 


Ky =0, 29+ /0, 31. 


HaxoguM eoseuunneat yCHJI€HHA 0 TOKY K, H HanpsKe- 
HHI0 Ky. 


= K,(0)-K,= 9(0,5— — j0,35) = 4,5—3,15, 
es (co) - Ky, = —4,09- 108 (0,29-+ /0,31) = —1190— 1270. 
Mismepsem yrod MexIy K, u kK, (onpezenasem yrou 9) 
8 = 9e— 9182, 9, ~ 12°. 
- 1! Principles of Transistor Circuits, Edited by R. F. Shea, 1953... 
6 1848 81 
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fur. 4 Onpeyertenue BeKTOPOB Ki « Ky mo xpyrosoi jnarpamme (cm. 
mpumep — ctp. 80). 
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Haxogum BxogHoe comporupenne: 
La =LyitZyK; = 220+ 20 (4,5—)3, 15) =3 10—j63. 


Haxogum Kos@(unent ycurenua no Moulnocru: 


x £08 92 
K, =| Ky || Ky| 22% = 3300, 


Kpyrosyro AuarpaMMy, noKa3aHHyio Ha (bur. 3, MoxHO HasBaTb Kpy- 
roBoH THarpaMMod B MONApPHBIX KOOPAMHAaTaXx, Tak kak OTHOWeHHe M 
pH €€ HCHOMb3OBaHHH NpUBOLUTCA K Buy M=Mel?, rne Mu 9 NOAp- 
Hbl€ KOOPAHHATHI. 

ABAAeTCA BOSMOXKHBEIM MOCTPOCHHe aHanOrH4HOH KpyroBol quvarpam- 


MbI H AJid OTHOWeHHA M, paccmaTpHBaemoro B Bue YHKWHH Npsmo- 
yIOUIbBHbIX KOOpaHHaT, T. ec. M=x+ jy. | 
8 


Ec W3BecTHa 3aBHCHMOCTb OTHOMeHUA a WH me OT 4aCTOTHI, TO 
; 22 2 

KpyroBasa AMarpaMMa MOXeT 6bITb C ycrexoM HCHONb3OBaHA TA HaxoxK- 
ACHHA AMMIMTYAHO-asoBoy XapakTepHcTHKH ycunHTens, TIpHyeM Hero- 
CPCACTBEHHO 10 KPyrOBOH JHarpaMMe MOXET GBITE olpenesteHa Belle- 
CTBEHHAaA YaCTb YaCTOTHOH XapaKTepHCTUKH, 3Hagq KOTOPy!10 MOXKHO pac- 
CHHTaTb NepexoAHyto XapakTepHcTHKy ycuautens 1, 

B 3akmloyeHve culefyer 3aMeTHTb, 4TO Kpyrosylo AMarpammy (cM. 
ur. 3) u mopmyan, npaserenupie BBILIe, MOKHO C YCHeXOM HCNOID30- 
BaTb HW AA pacueTa NacCHBHBIx YeTbIPeXMOJIOCHHKOB. 





' OcuoBil aBToMaTuyeckoro PeryHpoBaHuA, Mon: pex. Conogopuuxosa B. B. 
Mautrns, 1954. . 
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Kann, vexu, nayx B. H. HCTPATOB, unm. B. B. MHTHPOWHHA 


K PACYETY TOKOB KOPOTKOFO 3AMbIKAHHA 
CAMOJIETHOM 9JIEKTPHYECKOH CHCTEMDbI 
TPEX®A3HOrO TOKA 


B cBa3u c BHeApeHHeM Ha CaMONeTAaX CHCTEM TpexasHoro TOKa, a 
TakKe YCJIOKHEHHEM CX€M KOMMYTAIMH UM HeEOOXONHMOCTHIO 3alllMTbl OT 
KOPOTKHX 3aMbIKaHHii (K. 3.) YKa3aHHBIX CHCTEM pacueT TOKOB K, 3. aOco- 
JOTHO HeEOOXOAUM JJIA MpaBHJbHOTO MpOeKTHPOBAaHMaA SallMTH OT KO- 
POTKHX 3aMbIKaHHH SJIEMeHTOB CaMOJIeTHOH S/IeEKTpH¥YeCKOH CHCTeMbI H 
Bbl6opa alilapatypHl. 

B nacToaulei craTbe cosepxKaTCA HeKOTOPble pesy/bTAaTHI PpacdeToB 
TOKOB K. 3., KOTOPbie Obi MpOBeMeHbI ABTOpaMU Ha Kacbenpe «Teopetu- 
ueckaa aulekTporexHuka> MAM ana pala mpocTeHuinx Tpexa3Hpix CH- 
ctem. HegoctaToK 9KCMepHMeHTaJIbHbIX JaHHBIX, K COMKAJICHHIO, He 
HO3SBOAMI CheaTb OKOHYATEJbHbIX BbIBOOB, OMHAKO H NOJIYYeHHDIe pe- 
3yJIbTaTbI alOT BOSMOXKHOCTb MpOBeCTH HeKOTOpHIe CpaBHeHuA U 06- 
OOULEHHA, NOSBONAIOMMe BHINOJHHTh B M3BeCTHOM CTeMeHH sanayy pac- 
yeTa TOKOB K. 3. 

B npocteliiem ciyyae V30JIMpOBaHHOH HelTpasu, OTCYTCTBHA pac- 
ulenseHua (bas HM 2XLyTOBOH MpoklagqKH PacCMOTPCHHio TOD KUT 
pease Bcero culyyak TpexasHoro, a Take mByxdas3Horo kK. 3. B pac- 
CMaTpHBaeMOM C.Jly4ae BEPpOATHOCTb TOrO H mpyroro Bula kK. 3. CleqyeT 
CUTaTh TIpHMepHO OMHAKOBOH; Kpome TOTO, mByxca3Hoe K. 3. 4acTO 
llepexOZUT B Tpexda3Hoe BcMeACTBHE o6pa30BaHia AYru. 

Ito oTMMYAeT CAMOJIETHYIO JeKTPHYeCKyIO CHCTeEMY Tpexpa3Horo 
TOKa OT Ha3e€MHOM BOSAYWHOH AHHHM Mepewayn, B KOTOPOH CTeleHb Be- 
POATHOCTH TpexdasHoro K. 3. COCTABNAeT HE Gosee 10/9 u NpHOMMKAeT 
lo XapakTepy MpoTekaHHsA Nporecca K. 3. K KaG6ebHOM CeTH, Te NOUTH 
BCe BHJbI K, 3. WepexoAaT B Tpexa3uble. | 

Jina mpopemeHua pacueTa H COCTaBJICHHA pacueTHOH CX€MBI 3aMe- 
WICHHA CHCTEMBI JOJDKHbI ObITh TIpewKAe BCero 3anaHbl NapaMeTpbl 3J1e- 
MeHTOB CHCTEMbI HJIM aHbl peKOMeHA alu NO OWeHKe H BbIGOpy HX. 

Jing reHepatopa Ha OCHOBaHHM XapaKTepHCTHKH xXoOmMOCTOrO xoa 
MOMCUUTHIBAIOT OTHOWEHHE KOPOTKOTO 3aMbIKaHhA (OK3) u Koadpdu- 
IHEHTbI CIIPAMJICHHOH XapakTePHCTHKH SIC, no KOTOpbIM onpee.1A1l0T 
HpOOJbHOe HHAYKTHBHOe COMpOTHBMeHHe TeHepaTopa 


E 
OK3 ./, 





Xa 
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H OMCHHBAIOT (eCIH He 3afaHbl) MepexomHoe H CBepxMepexomHoe HHAYK: 
THBHBI€ COMPOTHBJICHHA, HaTIPHMep, B COOTBETCTBHH C BbIpaxKeHHAMH, 
MpHBOZMMBIMH B JiHTepaType', a Take HHYKTHBHBIe COMpPOTHBIeHHA 
oOpaTHou uw HyeBoH NoceqOBaTembHocTed. 

Mo2KHO OTMETHTb, YTO 3HAYeHHA AHAMOrHUHEIX NapaMeTpoB ANA Ha: 
3€MHBIX TypOoreHepaTopon, HavOouee OH3KUx NO XapakTepHcTHKaM K 
CaMOJICTHBIM CHHXPOHHBIM reHepaTopaM, OTMHYAIOTCA OT MapaMeTpoB No- 
CIEAHUX, ODHAKO B pxse ClyYaeB OHH MIPHHMMAalOTCg B KavecTBe NepBoro 
NIpHOMKEHHA. os 

IIpw onpeyeneHuu compoTHBaeHui CaMoneTHOd ceTH CHenyerT B OTJIH; 
WHe OT HaS€MHBIX CeTeH YYHTbIBATh AKTHBHbIe COMPOTHBJIeHHA; PH 3TOM 
B Cilyyuae MpHMeHeHHA TIPOBOLOB ceyeHHeM g>25 mm? 3TH CONPOTHBIE; 
HUA SHAMHTeIbHO YBENHYUBAIOTCA BCEACTBHE ABJICHHA MOBEPXHOCTHOT 
adcpexta. 

PeakTHBHble COMPOTHBeHHA MpAMOw (OOpaTHOH) Hu HymeBOw NocHe- 
AOBATEMbHOCTeH NOJKHbI ONpeAeAThCaA C YYETOM KOJIMYECTBA MpPOBOLOB 
B (pa3e, B3aHMHOTO pacnomoxKenua thas (B NMOCKOCTH HH TPeyrOJIbHH- 
KOM) H NOJOKEHHA HX OTHOCHTebHO Kopmyca. B o6ulem clyyae NOHbIe 
COMPOTHBJICHHA, OCOOeHHO HyseBOl MNOCMeOBaTeNbHOCTH, 3aBHCAT 
TaKKE OT MATeEpHasla H KOHCTPYKUHMH OOUIMBKH, T. e. MOCMeETHIOIN CAeRyer 
YUHTHBaTb MPH OMPeAeeCHHH AKTHBHbIX H PeaKTHBHBIX CONPOTHBIeHHE: 

B Han6onee mpocrTsix ciyyaax xryToBO MpOKNaqKH (a3 H H30+ 
AMPOBaHHBIX HeHTpaneh OlarogapaA B3aHMHOM KOMMeHCAaILHN BIMAHHA 06- 
IIMBKH Ha KaxkK/ylo u3 thas CONpoTHBNeHA NpAMOM (OOpaTHolt) mocne 
ROBATEJIbHOCTH OlIpewemAloTcA 6e3 yueTa BIMAHH” OOUIMBKH 2. y- 45 

CompotuBieHua Harpy30K, TOUHOe ompexeneHve KOTOPHIX B pexKH- 
Me K. 3, NPeCTaBAAeT OOMbUIHe TPYMHOCTH BCEACTBHE HenOcTOAHCTBA 
CONPOTHBCHHH ACHHXPOHHBIX [BHraTewei (34BHCHMOCTH ux OT Hanps- 
*KCHHH H TOKOB K. 3.), YUHTbIBAIOT Np pacueTe TOKOB K. 3. B BHe 9KBU- 
BaJCHTHBIX HHAYKTHBHBIX HJM MOJIHbIX CONPOTHBJICHHH, B 3aBHCHMOCTH 
or cos? Harpy3kH. Heyyer Harpy30K Boo6ule NpHBOAUT K 6OVIbIUM 
olumMOKaM MpH pacuete TOKOB K. 3. 

PacueTbl TOKOB K. 3. MPOBOAWIHCh QA NpOCTEIX PadHaJIbHBIX CxeM, 
NMTa€MbIX HECKOAbKHMH TeHepaTOpaMH Ha OCHOBaHHH MeTOMa cIpsaM- 

" JCHHBIX XAPAKTePHCTHK, IPH STOM PacueTHad CXeMa MPHBOAMMAaCb K Npo- 
cTeHiweMy BHAY MyTeM NocleqoBaTeNbHOrO HW NapaJenbHOrO CJIOMKeHHA 
SJIEMEHTOB, IPH KOTOPOM 9KBHBaJeHTHBIe OJIC wu conporuBneHua MOKHO 
ONPeeIATh H3 MPOCTHIX BbIPaKeHHH Tuna 


ae ErZrsit ExsiZn 
Zet+Zpray 


lo(k) = 


bd 


Z19 (rk) + Zoek) 





1C,A.¥ab58808B, Koporkve 3aMbikaHua p SJeKTPHYeCKHX cucTemax, FSH, 1952. 
2B. B. Auaxpees, Uccnenosanve conporaprenni IipaMoH Ww HyeBom TMocne- 
AOBATENBHOCTH CaMOMeTHOK TpextasHom cerw. Kany. nuccepragus, MAH, 1949, aE 
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8B KOTOPbIX Harpy304Hble BeTBH PaCCMATPHBaloTcA Kak TeHepaTOpbl C 
E=0. IIpu stom caeayer HMeTb B BHAY, YTO BCNeACTBHE yyeTa Harpy- 


30K DIC EF o() M€HACTCA B 3ABHCHMOCTH OT MeCTa K. 3. 

B 3aBuCHMOCTH OT THIa H Ha3HavyeHHA peleHHON 3allHTbI Ag ee 
(IpOeKTHPOBAaHHA HeOOXOZMMO 3HaHHe KaK YCTAHOBMBIIMXCA, Tak H Me- 
peXOMHbIX H CBEPXIepeXOMHbIX TOKOB K. 3. B BUfle HaaJIbHbIX 3HayeHHh, 
a TakKe JIA WI060ro MOMeHTa BPeMeHH. 

 YeraHOBHBlIneca 3HaYeHHA TOKa K. 3. JOJKHbI ONpeeMATbCA, KaK 
lipaBuslo, © YYeTOM peryNATOPOB HallpsxKeHHA, NpHyeM B CHJy MaVJIBIX 
BHEWIHHX COMPOTHBJeCHHH Wen K. 3, B patHaJIbHbIx CAMOJICTHBIX 3J1eK- 
TpwueckHx CHCTeMax HMeeT MECTO, KaK MOKa3bIBalOT pacueTbl, PexKHM 
ipewebHOrO BO3OYKACHHA, B KOTOPOM Aid pacueTa TOKOB CJleyeT BBO- 
{UTb reHepaTopbl ux MpesembHbiIMH OILC En, WH CONPOTHBMCHHAMH 


Enp 


tap OKI, aes 

OnpeneneHve HataJIbHbIX 3HayeHHH MepeXOMHbIX H CBepxXMepeXOAHbIX 
TokoB /9’ u Jo” MpOu3sBOAHTCA No aHaJOrHH C ONpeeeHHeM yCTaHOBHB- 
UIMxCa TOKOB NyTeM 3ameHb! OTC Ea v HHAYKTHBHOTO COMPOTHBJIEHUA Xa 
reHepaTOpOB, COOTBETCTBeEHHO, 3HayeHuAMU Ey’; xa’— MAA MepexoHoro 
pexuma u EQ”; xa’— JA CBepxmepexoAHOro pexKuMa. 

Onpenemenne TOKOB K. 3. B J060H MOMeHT BpeMeHH WesecoobpasHo 
IIpOW3BOAHTb, IPHHMMad SKCIOHEHUMAIbHbI 3aKOH W3MeHeHHA CBOOO- 
HbIX COCTABJIAIOWMX MepexogHoro wu CBepxMepexogHOro TOKa, TeM Oovlee 
UTO NeHCTBUTCIbHbI XapaKTep W3MCHeCHHA HX OYEHb OMH30K K NIPHHH- 
Maemomy. Tora 6e3 y4eTa perysATOPOB HaMpsAKeHHA COOTBETCTBYIOUIME 
MrHOBCHHbIe 3HadeHHA OyLYT 

__ 
¥ Bene Tr 
L (t) =(1)—Lyer) € tL yers 


t t 





i" (O=(F—Ne 4 —Nede "4 + hye 


rme 7',—nNOCTOAHHad BDeMeHH OOMOTKH BO3OVKICHHA, OMPeWeJ1A10- 
3 d y 


wan 3aTyxaHHe NepexOAHOrLO TOK; 
7,—MOCTOAHHAA BPeMeHH YCHOKOHTeAbHOM OOMOTKH, ompere- 


JAIOWLAaA SaTyXaHHe CBeEpxnepexoAHOrTOo TOKa. 





Boo6me ropops, MOCTOAHHBIe BpemeHu 7, HT 3aBMCAT OT ya- 
JICHHOCTH K. 3. H MOLryT ObITb OMeHeEHb! MO CPOpMy.laM Bula 


Xqt% 





T= T, 
a . Kat 


(T,— NOCTOAHHad BPpeMeHH OOMOTKH BosbyxKMeHHA Np pa3sOMKHyTOH 
craTopHoit oOMoTKe), OjHako Mp OTCYTCTBHM JaHHbIxX OTHOCHTEebHO T, 
WIM SKCHePHMeHTANbHBIX WaHHblx aia Ta’ u Ta’ menecooOpa3Ho CuHTaTb 
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TIOCACAHHE NOCTOAHHBIMH, a TAKKE IPHHHMATb B COOTBETCTBHH C WaHHbl- 
MH THIMOBBIX CAMOJIETHbIX reHepaTopos. Tak B STON paOoTe AJA MpoBepKH 
HCNOb3OBaIHCb JaHHble “3 JIHTepaTypHt }. 

PacyeTn! M0Ka3aJIH, YTO NOCTOAHHbIe BpemeHH 74’, Td’ B 3aBHCHMO- 
CTH OT YaJIeHHOCTH K. 3. H3MeHAIOTCH B HeOOUIbINHX Mpesemax, He 60- 
nee 10°/o. 

IIpu Hanw4nu peryiaTopoB Hanps2%keHHg MIHOBeHHHIe 3HayeHHA TO- 
KOB K. 3. COHe€pKaT JONIOJHUTCJIbHYtO COCTaBJIAIOIN YO 2 Tuna 


t __# 
T 
T 
T ye d ie Ta: pé 











(Lyer. esc 5, = T,.— ’ 
d BB 
THe lycy, np —YCTAHOBHBICECA 3HAYeHHE TOKa K. 3. MPH NpeAebHOM 
| BO30y K 2eHHH; 
7,.°,— NOCTOAHHAA BPeMeCHH OGOMOTKH BO3s6yxXAeHHA BO3OyAu- 
TCA. 
ts 
MoxXHO OTMeTHTb, YTO MPH HMEIOWLeEM MeCTO COOTHOMMEHHH — >1 
. : B. B 


3Ha4eHHe BbIPaKeHHA, 3AKMIOUVGCHHOTO B KBaPaTHbIx CKOOKax, Mpu 
{<1 cek. He npeBbiiaeT MpuMepHo 10°/o, uro O3HAaYaeT, YTO B YCIOBHAX 
6bICTPOAeHCTBYIOWMeH 3allHTbI YET STO AONOMHHTEMbHOM COCTAaBJAIOMLeH 
MpakTHYeCKH He NoTpeOyeTca (B CHJIY MeAJICEHHOrO yBeHYeHHA BOSOyX- 
J\@HHA). 

Kak loKa3aJIv pacueTbl, TIpOBeAeHHbIe DJiq CpaBHeHHg MO HHAYKTHB- 
HbIM H NOJIHbIM COMPOTHBJICHHAM (MOYJIAM HM KOMILICKCHbIM BbIpaxke- 
HHAM), HX Wemecoo6pa3Ho BeCTH, HCMOb3yH HHAYKTUBHbIe COMpPOTHBJe- 
Hua x (Ala MeHee TOUHBIX pacueTOB) HH MOZyIH 2 (B cay4uae Govlee 
TOWHBIX PacyeTOB), TAK KaK YIMIbI NOMHbIX 9KBUBAJICHTHBIX COMPOTHBIIe- 
HUH Z, YMeHbIUaACcb MO Mepe YaJleHHA MeCcTa K. 3., COXPaHAIOT 3HAYeHHA 
He MeHee 70°. 

Jina paqvanbHow ceTH c NHTaHHeM OT AByxX reHepaTopos (30 Kea, 
120/208 6, N.p>=6000 06/mMuH) nOwy4ueHbI yCTaHOBMBINMeCA 3HaYeHHA TO- 
KOB Tpexa3Horo K. 3. (B OTHOCHTEJIbHBIX EMHHHWAX) — OT. 3,22 no 3,00; 
TO Ke WIA TByXasnoro K. 3. — oT 4,98 no 4,32 (B KOpOTKO3aMKHYTBIX 
cba3ax); 3HaYeHHA NepeXOAHbIX TOKOB Tpexa3HbIx K. 3.— oT 5,95 70 
0,62; To xe DJId CBepxXTIepexOHBIX TOKOB — OT 8,14 no 7,20; Ha¥anbHBIe 
3HadeHHA TepeXxOAHbIX TOKOB AByxa3Horo k. 3.— oT 6,62 no 5,78; To xe 
Jia CBepxlepexoXHbIx TOKOB — of 7,44 no 6,24. 

Shecb 6ONbIIMe 3HAYeHHA OTHOCATCA K MeCTY K, 3., OM KAHWeMy K 
TeHepaTopaM; MeHblilve -— K HanOoulee yaseHHOMY. 

CuelyeT OTMeTHTb cielHuyecKoe pacnpemeseHve TOKOB K. 3. B Ca- 
MOJIETHOH SJIEKTPH4eCKOH CHCTeMe, NPH KOTOPOM B CHJY MaJIbIX conpo- 
THBJICHHH YYaCTKOB MArHCTpaJIbHOH JIMHHH, TOK K. 3. PaKTHUeCKH HE OT- 


''V.C.Holloway, Transient Characteristics of Aircraft A.C. Generators, Tr. 
AIEE, 4. II, 1954. 


2C. A, Yapauos, Kopotkue 3aMbkKaHHa B 9eKTpH¥ecKHx cuHcTemMax, TSH, 
1952. 
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CacbiBaeTCa Harpy3KaMH, T. €. TOK MarvCcTpasibHOY JHHHH 0 MeCTa K. 3. 
OHHAKOB. 

_ EcrecrsenHo, uTo mepexogHble H CBepxmepexogHble pexKUMbI 3aTY- 
XalOT, T. €. P@XKHM YCTaHAaBJHBAeTCA 3HATHTebHO ObIcTpee B CaMOVIET- 
HOH 3JIEKTpH4YeCKOH CHCTeMe MO CpaBHeHHi0 C HA3CMHBIMH _BCHJIY MCHbINIHX 


ct) L <> 
COOTHOWeHHH -— (MaJIbIX 3HaYeHHH MOCTOAHHBIx BpemMenu Ty’, Ta” 
r i 


HM T. 1.). Kak mpaBuo, BpeMa MpoTeKaHHa NepexogHoro mpouecca yo- 
CTaTOUHO JIA JEHCTBHA COOTBETCTBYIOWUeH peseHHOH allmapaTyphl, a 3Ha- 
4YeHHA TOKOB K. 3., B TOM YHCIe H YCTAHOBHBLIHECA, MO3BOJAIOT CIIpoeK- 
THPOBaTb HafeKHO AeHCTBYIOWYIO peleHHy10 3allHTY OT KOPOTKHX 3a- 
MBIKaHHH. 

Ouepugua Take HeOOXOMMOCTh PpacCMOTPeHHa BCex JPyrux BOs- 
MOXKHBIX aBaPpHHHbIx PeCXHMOB TpexasHoH CaMOJIeETHOM IeKTPHYecKon 
CHCTEMbI C YYCTOM Pe3YJIbTATOB H MOCTHKeHHH HA3SCMHOH 3ZJeKTPOTeX- 
HHKH. 


JIMTEPATYPA 


ae 1. Yapauos C. A., Koporkwe 3aMbikaHua B dIeKTpHYecKHx cucTemMax, TOU, 
1952. 

2. Wlenpun H.H, Yanauos C, A., 3amaun mo pacyery KOpoTKHxX 3aMbIKa- 
Huh, TSH, 1955. 

3. AHapees B. B., Mccnefosanve conporusnenuit npamMofw mw uHymeBponh mocsae- 
HOBaTeJIbHOCTH CaMOJIe€THOH Tpexda3How ceTH, Kanga, Aucceprayua, MAM, 1949, 

4,.Kyne6akun B.C, Moposo0spckuit B.T., Cuugzees H, M,, Snexrpo- 
cHa6KeHHe camMoueToB, O6opourus, 1956. 

5. Exner D. W., Singer G, H., Impedance Data for 400-Cycle Aircraft 
Distribution Systems, Tr. AIEE, yu. II, 1952, 

6. Holloway V. C., Transient Characteristics of Aircraft A.C. Generators, 
Tr. AIEE, a. IJ, 1954. 

7. Uctrpatos B. H. u Kameuckuidt A, B., Pacuer conpotusaenui caMo- 
7eTHBIX CeTeH TpexcpasHoro ToKa, Tpyun1 MAM Ne 57, 1956, 
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Kang. texx, nayx A. B. KAMEHCKHA, unm. B. P. TEP-3AXAPAH 


PACYET HECHMMETPHH TOKOB TIPH OBPbIBAX ®A3bI 


B cBa3H C HaHYHeM B HH3KOBONbTHEIX PaCNpeMeNHTeMBHLIX CeTAX 

TpexasHoro Toka norpe6uTenel, He MOMycKalowlux 3HadHTeNBHO 
. aCHMMCTPHH TOKOB, MpegxcTaBsideT HHTepec MeTOAMKa pacuera HecHM- 
MECTPHH, BOSHHKAaIlOlleh IpH OOphiBe da3ni, 

CormacHo cyulecrByiouleMy cTaHyapTy Ha aeKTpwyeckHe MalIHHEI 
Tpexa3Haa SeKTpMuecKag CHCTeMa CUMTaeTCA CHMMeETPHY4HON To TOKY, 
CCH OTHOWeHHe TOKa O6paTHOH NOocMenOBaTebHOCTH K TOKY TIpsamMon 
NOCHEMOBAaTEJIbHOCTH He MpeBbliaeT 5°%/o. OueBHAHO, ITO Mp pamnanb- 
HOM IIMT€HHH H M3O0JHPOBaHHOW HeHTPpasH CHCTeMBI NoTepa” OAHOM U3 
(a3 Ha JIMHHH JO NoTpeOuTena BexeT K CTONpoUeHTHOH HeECHMMETDPHH H 
pacueT B 2aHHOM Cjlyyae He Tpe6yertca. lorpe6uTenb pu STOM ROmKeH 
ObITh MepekmioyeH Ha pesepBHoe nHTaHHe. OgHako BCerla BO3MOKHBI 
OOphiBEI (basbl y OLHOFO 43 NapaeNbHO pa6otatoulux reHepaTopos HH 
y COCeHHUX NoTpeOuTeseh H Ha NapadeTbHEIX OTBETBEHHAX, YTO IIpH- 
BeMeT K HECHMMETPHH TOKOB, 3HAYHTeENbHO OTMMYAlOUlelcA OT cTOMpo- 
IlCHTHOH. 

Bonpoc 0 nepekmiovenuu norpe6uTena B 9TOM cyqae AOKeH ObITh 
peuleH Moce MpOBeAeHHA COOTBETCTBYIOMHX PaC4eTOB, MOSBOJAIOLLUX 
BHABHTb BeIMYMHy BOSHHKalolleH HECHMMETPHH MH OMpezenuTD ee pONy- 
CTHMOCTb. | 

PaccMOTpenmio TlowiexkaT WBa pekuMa pa6orl: 

1) Heiitpanh cHcTeMHI H300HpoRana; 

2) HeiTpan, CHCTeMbI 343eMJeHa. 


HEATPAJIb CHCTEMbI H30JIHPOBAHA 


OG6ppis dash y noTpe6utTeaa 


Ha ur. | npupegena cxema ceru, coorsercreyioulaa OOpbIBy dba3bi 
Y NapaebHO BKIIOYeHHOrTO NoTpe6uTenta H’. Paccmatpupaerca no- 
ABNAIOWAaACA HECHMMETPHA TOKOB y MoTpe6uTenen H”, KonuuectBo Ko- 
TOPbIX MOXKeT MeHATECA. [lepeMeHHEIM 3feCb ABIACTCA SKBUBANeHTHOE 
COMPOTHBIEHHE IpAMOl NoceqOBaTeEMbHOCTH NoTpe6uTeneh Z” y,,. Koap- 
(PHUMeHT HECHMMETPHH MMe, ONpexenAeMEI KaK OTHOWeHHe TOKa o6par- 
HOH NocneqoBaTebHocTH J”, K TOKY NPAMOM NocMeqOBaTeNbHOCTH Lt 
AAA BTOPbx NorpeOuTeneh, BLIBOAHTCA B (PYHKUMA OTHOUeHHA compo- 
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THBCHHA IpAMOM MocMesOBaTeNbHOcTH TioTpeOuTeta H’ k conpoTuB.e- 
HMO MpAMOM MocnenoBaTembHocTH noTpe6utTena H”, 7. e. B YHKILHH 





ur. 1, [[punuumnannaa cxeMa ceTH c H307HpoBaHHOli 
Helitpambo (OOphiB cbasbl y MoTpeOuTers). 


Tlocue 3THX NpeqBapHTeNbHbIX 3aMe4aHHH MepexofuM Helocped- 
CTBeHHO K BBLIBOZy pacueTHoh dopmysn. Ha ur. 2 mpuBeqeHa kKOM- 
iyleKCHag CXeMa CeTH, H306paxKeHHoH Ha pur. |. 





Our. 2. Komniekcuas CXeMa 3aMeLILeHHA CeTH, 
us06paxenuon Ba cur. |. 


B Weax HariaqHOCTH uW yqOOcTBa pacueTa NOCNeqHAA CX€Ma MOKECT 
6bITh IpesAcTaBlena Tak, KaK 3TO MoKa3aHo Ha cur. 3. Tak Kak HaC HH- 
TepecyloT He aGCOVIIOTHBIe 3HAYeHHA TOKOB, a HX OTHOLICHHA, TO Samady 
MOKHO PeClIHTp B OOWLeM Buse, He MpwOerad K YACMOBbIM 3HadeCHHAM. 
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Pacnpefeiaa TOKH 110 BETBAM CXeCMH, H306paxKeHHOH Ha ur. 3, 
H MOarad CONPOTHBeHHE NPAMOH MOCAeAOBATeAbHOCTH NOTpe6u- 
Tein H’ paBHBIM CONpOTHBeHHIO O6paTHOH mnOCTes0BaTebHOCTH, 
T. @. Z2),=Z,, MOMY4HM 


Zon Zor 
Zou+-Zor 
Zou+Zor 


Zi t+2Zi4+ == 
1H 1H Zou tZor 


Zant 


fin=1 (1) 


Zor 


Daas (1 — hin) 5 (2) 


re Z,,— COMpOTHBeHHe Harpy3kH; Zp — CONpOTHBNeHHe reHepaTopa. 





Z 


id 
tH Con 


@ur. 3. KomnuekcHad cxeMa 3aMellleHHaA ceTH, H300pamKenHHon Ha our. 1, 
NpHBeqeHHad K YQOOHOMY JIA pacuera BURY. 


KosdouuveuT HeECHMMeTpHH OT1peseiAeTcA Kak OTHOMIeHHe 
fon 2 nZar 
a i a a a i 
Ly 22 yy Zor +2Z yy Zot ZarZoy 


WIM, HOaran 





Z Z 
Ky= A. u om aa 
“Zan Zor 
HME€eCM 
1 1 
aa Zon) 142(Kut+a) ’ 
142 (kn 2) " 
oly 


"TO BEPHO ipl 71;,= 2,4. Lip paBeHcTBe yroB NOIHEIX COMpOTHBeHHH 
BeTBeH KOMILJICKCHOM CXEMbI 3€MeLILCHHA KOSPDHUHEHT M72 NEHCTBUTeIEH. 
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Ilo sToH dbopMyse NocrpoeHbi KpuBbe Pur. 4. M3 KpuBpix cnesyer, 
YTO TIPH NPHHATHIX OTHOWeHHAX A='10, 20, 30... HeCHMMeTPHA He MpeBbi- 
waer 49/o. 





@ur. 4. Kpupnie Koapdunnenta HeCHMMeT- 
pHH m%/y Da ceTW c HeOMHpOBaHHOM neli- 
Tpambio (o6pyB dbasp y noTpe6uters) . 


OGppis Pa3bi OAHOFO 3 NapaseAbHO paboTaloMHx reHepaTOpoB 


Ha dur. 5 npegcraBena cxeMa CeTH, COOTBeTCTBYIOMad OOpbIBy 
qa3pi reHepatopa I’. Uncno HenoppeKAeHHbIX reHepaTOpOB H3MeHAeTCA 
OT OZHOTO WO Tpex. Cnyyah oTKTIO4eHHa BCex HCNpaBHbIx reHepaTOpoB 
He pacCMaTpHBaeTCs, TAK KAK HECHMMETPHA pH STOM cocTaBHT 100/o. 
KommsleKCHble CX€MbI 3aMeLUCHHa NpHBeseHbI Ha cur. 6 u 7. 

Onpenenaa aHanoruuHO MpeszbigyulemMy kostpHuHeHT HeCHMMET- 
PpHH Mp, NOJYYHM 


ini ~ ZorZir 

Dr a ae as = EN GM ee ee a 
» Lor lout (Zot Zor) (Zip +Zyp+Zor) 
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@ur. 5. TipwauwnnanbHan cxeMa cerH c x30.HpoBaHHOn 
HeiTpasblo (O6phiB da3n y renepatopa), 





ur. 6. Komnekcaa cxeMa 3aMellleHHa ceTH, u306paxKen- 
HOH wa our, 5, 


a ee 
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E Zip Lan 


@ur. 7. Komnekcuas cxeMa 3aMelWeHHA CeTH, H306paxKeHHOH Ha our. 5, 
lipHBeweHHasd K YROOHOMY AJA pacueTa BHLY. 


&o 





@ur. 8. Kpuppie KosdppHiueHta HeCHMMET- 
PHN m°/o WIA CeTH C H30JIMPOBaHHOH HelTpaviblo 
(o6ppis dash y reHepaTopa), 
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? 


Zir 
HAH, O603HaunB K,= 77. ¥ Monaras 7 
rr ' 


Zyp=10LZ op Zyy=Zoy He b= 28, 


Ir 





‘MOY WHM 
1 


Nn, = — ——_____________ 
. 141,1Kp+11Kr (1+Ky) b 


Ilo aro dopmyne moctpoeHn KpuBbre cur. 8. 3 srux KpHBEIX cae- 
AyeT, YTO MpH MpHHATHIX 3HayeHHAx D=1—10 o6ppIB das o”HOTO H3: 
NapadebHO paGoralollux TeHepaTOPOB HE BHISbIBACT 3HAYHTeENbHOY He- 
CHMMETPHH TOKOB y noTpeOuTesa. 

OHaKO B KaxKOM KOHKpeTHOM culyyae ceayeT peKOMeHAOBaTb MIpo- 
BeWeHHe MOBEPOYHBIX PaCYeTOB, YYHTHIBAIOWIHX eHCTBUTebHbIe COMNpo-' 
THBJIGCHHA reHepaTOpOB CeTH H Harpy3KH. , 

MakcuMaJibHas HECHMMETDHA JA NepBoro Cayyaa CooTBeTcTByeT 5Y/o, 
a ia BToporo 4%/> (cm. ur, 8), OTkyqa CemyeT, YTO NpW MpHHATEIX: 
OTHOUICHHAX CONPOTHBeCHHH, HECHMMETPHaA He MpeBblilaer FONyCTHMbIX 
CTaHapTOM BeJIHUHH. 


HEATPAJIb CHCTEMbI 3A3EMJIEHA 


_ CxeMbI C@TH TIpH 3a3eMJIeHHBIX HYJeBbIX TOUKAX H COOTBETCTBYIONHe 
KOMIIJICKCHbie CX€MbI 3aMeLLCHHA MpuBesenbi Ha cur. 9, 10. Ha cur. 11 «s 
MpHBeWeHbI CX€MBI, MpeoOpa3s0BaHHble K yMOOHOMY JIA pacueTa BUHAY. % 

Onpezenaa KooulveHT HECHMMeTPHH AIA WaHHOTO cly4yaq Kak 
OTHOWeHHE TOKA HYJI€BOH NOCeAOBaTebHOCTH K TOKY MpAMOM Mocse- 
MOBAaTebHOCTH, AIA CXEMbI, IIpHBeAeHHOK Ha cur. 9, nonyquM 


414 


Zo Zny\." 
Zin (1 S| z,|(1 zu) 
| (143 Sa | aa 


mM) = 


rye 


AHaJOrHyHo QA CXeMbI, NpHBeAeHHOM Ha cur. 10, KOS(PDULHEHT He- 
CHMMECTPHH MOXKHO NOMYIHTS 43 CeLyIOllero ypaBHeHuaA: ? 


Ld ? Z; td wv la 
fyyZip = lon | Zat Ze (284 1 eri (Zi-+ Zr), 
hyZip — Lr (Zir+Zip) 

1E 
"1 za Ze Pa ; 
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f 
Zon 





ur. 9. puununuanpuasa (a) u KoMMneKcHan (6) cxeMbI 3aMelleHHa 
ceTH C 3a3eMJeHHOM Helitpanbio (o6pbip da3zbr y moTpeOuTess). 


: 254 6) 
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i 


Dur. 10. IIpnuyunuanpnas (a) H KoMMNeKcHan (6). cXeMbI 3aMe- 
MCHHA CeTH C 3a3e€MJIeHHOM HeliTpabio (oOprs dasw y rexepa- 
TOpa)}. 
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Tak Kak B 3TOM cslyuae KOO*PPMHeHT HeCHMMeCTPHH shares OT. 
MHOrHx MapaMeTpos, TO rpacpuyecKoe MpeAcTaBleHHe MoulydaeTed oer 
COMKHBIM, YEM B MIPeMbILyIWeM, H 30eCb He MPHBOAMTCA. TlomyueHHyle | 





F 
€ 4 
Mur. 11. Komnaekcunie cXeMbl 3aMeWleHHaA CeTH, yw306paxKeHHOH Ha 
our. 9 uw 10, mpuBeqenHbie K yHOOHOMY Avia pacueTa BHI. 


oryT ObITh HCNOWb3OBaHEI Ip pacdeTax HeCHMMET- 


; e COOTHOLICHHA M OBaE 
saat NMOTpeOuTeseH, BbISBAHHBIX o6pbipaMH @a3bl 


HH TOKOB HH3KOBOJIbTHbIX 
B pagMMYHbIX TOUKAX CeTH. 
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Kang. texu. nayx A. 5. THMO®EEB, wux, B. P. TEP-3AXAPAH 


; : 


TPAHC®OPMATOPDI TOKA JIA MMTAHHA PEE 
‘AMO OEPEHUMAJIbHDIX 3ALLMT CAMOJIETHOR 
SJIEKTPOCETH , : 


Tia nHTaHHa peje 3alluTH CaMoneTHOR SNeKTpOceTH culenyeT mpu- 
MEHATh TpaHCPOpMaTOPLI TOKa, 3HAYHTeENbHO OTAMUAIOWIMeECA OT H3Me- 
PHTeEJIbHBIX. 2 fy | 

TpaHcopmatopp. paOoraior B KOMMMeKTe Cc pene, KOTOpOe uMeeT 
OAMH OMpeAeeHHbIN TOK WIM HalpaAxKenHe cpa6aTHBaHun. ITOMy TOKY 
(HanpsxKenni0) cpa6aTHBaHuA JOJKeH COOTBETCTBOBATh ONpeneeHHEI 
NepBHuHbIH TOK. [Ipu stom HecylecTBeHHa NorpellHocTh B Koopuuy- 
ste TpaHcopMalluu. pu. TOKax, OTAMYAIOWUXCH OT TOKa TporaHusA 

IHTBI. | 7 


one ad 





QUMUIN6L , 


J 
¢« 





3 a — @) 
Our. 1, Mpumunvanpupe cxeMbl BKMOVeHUA TpaHcopMaTopos. 
Q@—CX€Ma Ha UWHPKYIAUKIO TOKOB, 6—CxeMa Ha paBHOBecHe HanpsaxKewHA, 


CuleqOBaTesbHO, B OTIMGHE OT TpaHCcopMaTopos Toxa, pa6oraroulux 
Ha. HSMEPHTeJIbHbIe MPHOOPH, WA KOTOPbIx Ba2KHO, YTOOB! NOFpewiHocrs 
B KOOpDHUHeHTe TpaHchopMauun He MpeBocxonHaa ONpeeeHHOR 3a- 
aHHOH BeMYHHbI IPH H3MeHeHHH NepBHYHOTO TOKa B Mpexenax u3Me- 
peHuA, Aa Tpancopmatopos, paOoraloulMx Ha pene, HYKHO oGecre- 
WHTb ONPeReeHHbIA KOSPPULMeHT. TpaHcPopMallHH NpH OAHOM ToKe H 
OTCTPOHTh pene AudepenkuatbHoh 3auTbI OT TOKOB . (HaNpsKeHHi) 
HeOasiaHca MpH CKBOSHBIX TOKaX KOPOTKHX 3aMbikanult. Bec TaKnx TpaHc- 
opmaropés MoxeT GObITh NONyyeH B Mpemenax HeCKONbKHX eCATKOR 
rpaMMos. a 7 oe - | go 

KOHCTpyKTHBHble JaHHble TpancopMaTopa B 3HadHTeABHOR cremenn 
3aBHCAT OT CXeMBI BKJIOUeHHA HX B Salute. OCHOBHEIMH CXeMaMH BKJIIO- 
CHHA ABISHOTCA CXEMbI, ADHBeeHHBIe Ha bur. lau6. =. 
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Vi3pecTHo, uTO B Ha3€MHBIX YCTaHOBKax Hpemnowrenve OObIMHO OT- 
jlaetca cxeme a. Jin CaMOJETHBIX yCTaHOBOK, BAZHMO, CJlexyeT Mpegno- 
gecTb cxemy 6 (Ha paBHOBecue Halips2KeHHi). 

B nlomp3y Takoro pellleHia MOXKHO MpHBecTH CiesyloujHe coobpa- 
XKeHHA. 

1. [Ipu cxeme 6 o6pbis BCNOMOraTeIbHBIX MPOBOJOB He BbISOBET JIOK- 
HbIX cpaOaTbIBaHuit SalllHTbI B TO BpeMA, KaK Mp CXeMe @ OOPbIB BTO- 
PHYHEIX IIPOBOMOB BEISbIBaeT JO%KHOe cpabaTbIBaHHe 3aluTHI. Ipapza, 
mipH cxemMe 6 3aMblkKaHHe Mey BTOPHUHbIMH MpOBOaMH MOET BEI- 
3BaTb JOKHOe CpabaTbIBaHHe 3allLHTbI, HO IPH MOHTawKe BTOPHGHbIX Mpo- 
BOOB Ha JOCTaTO“UHOM paCCTOAHHM ApPyr OT Apyra 3aMbikaHve MewKTY 
[IPOBOaMH MOXKET MpOHZOHTH TOMbKO Yepes KOpllyc caMOvleTa (B ABYX 
TOUKaX), YTO 3HAYHTeIbHO MeHee BEPOATHO, YeEM OOPbIB OAHOTO NpoBosa 
(pu cxeme a). Kpome Toro, Takoe ABOHMHOe 3aMbIKaHHe Ha KOplyc Npo- 
BCXOAHT O6bI4HO Yepe3 ABa MepeXOAHbIX COMPOTHBJICEHHA, YTO CHJIbHO 
CHH)KaeT BOSMOXKHOCTb JOKHOH paoorTer 3alllHTHI. | 

2. CxemMa @ BbI3bIBaeT HEOOXOJHMOCTh IIPHMeHeHHA pese CO 3Hauk- 
TeIbHO M@HbUIMM COMpOTHBJeHHeM OOMOTKH, 4em CxeMa 6. Mimerommeca 
B HacTOMlee BPeMA YYBCTBUTeIbHbIe pele OOMMHO HMEIOT CpaBHUTebHO 
6ObIUOe COMPOTHBeHHe OOMOTKH HW NOSTOMY MpHMeHeHHe TaKHXx peue 
wesecoo6pasHee B cxéMme 6. | 

3. Ceyennve BCHOMOraTeJIbHBIX MPOBONOB 3allUTh Np CxXeMe @ JOVIK- 
HO ObITb OOvIbIe, YeM MpH cxeme 6. 

4. TIpx cxeme 6 wenecoo6pa3sHee MpuMeHeHve CpaBHHTebHO OOuIb- 
IHX MAFHHTHbIX HHAYKWMA B CepeyHuKax TpaHcopmarTopos, 4eM MpH 
cxeme a. OnacHocTbh JOXKHOTO cpabaTbIBaHHg” 3allMTbl BCJIEACTBHE YBe- 
muuenua ToKa HeGaslaHca B Clyyae MepexOAHbIx NpOleccOB Mp 9TOM OT- 
CYTCTBYeT OJlaroqapaA BECbMa MaJIOH NOCTOAHHOK BPeMeHH Wel SallMTHl. 


Kak llOKa3aJI OTIbIT, B Cyuae MpHMeHeHHA HACHILIeCHHbIX CepMeuHH- 
KOB UYBCTBHTCIbHOCTh MaJIOPeJIeHHBIX 3allHT, MMTACMBIX OT TpaHcdop- 
MATOPOB, HCIMOIb3YeMbIX B Ka¥eCcTBe CYMMATOPOB, MOUTH OAMHAKOBa MPH 
pa3sIMYHbIX BHax MOBpexAeHHH (Tpex-, ABYX- H OMHOasHbIe KOPOTKHEe 
3aMbIKaHHA) B TO BpeMA, KaK B CJlyyae HeHACHILICHHbIX CePAeYHHKOB, 
YVBCTBUTeCIbHOCTh 3aLULHTbI B 3aBHCHMOCTH OT BHa MOBPewKeHHA MO- 
%KeT H3MECHATLCH B TPH pasa. 


M3 cka3aHHoro Bbille cileayeT, UTO WIA PacCMaTPHBaeMbIX TPaHc- 
(OPpMATOPOB MOXKHO AONYCTHTb 3HAYHTeJIbHbIe HHAYKIMM B CepedHHuKe 
H NONYYMTD GlaroxapA stTomy BbIMrpHi B Bece. II[pH 3TOM AA YMeHb- 
WIeHHg TOKOB HeOaslaHca Ip CKBOSHbIX KOPOTKHX 3aMbIKaHHAX HeOO- 
XONHMO, TOOL! Kaw Able Ba TpaHcdopmMaropa, BKJIOVeHHbIe B CXeMY 
mudepeHuManbHOl 3aulUTHI, Obitu Obl BHIMOJHeHbI OAMHAKOBO (OMHHA- 
KOBLIM MaTepHasl MATHUTOMpOBOLOB, OLMHAKOBbIe pa3sMepbl, OAHHAKOBbIEe 
HCA BHTKOB OOMOTKH H T. T1.). CYILeCTBCHHbIM. paC4eTHBIM YCJIOBHEM 
ABIACTCA MOWHOCTh cpaOaTbIBaHun peste, UeM MeHbIMe MOUWLHOCTb Cpa- 
OaTbIBAaHHA, TEM MeHbile MeH B OOMOTKe (MeHbINe CeYeHHE HH YHCIO 
BUTKOB). Hekoropoe yMeHbIeHHe Ce4eHHA MarHHTONpOBOsa MpOHCxo- 
UT TAKE IPH YBeHYeHHH NepBHYHOFO TOKA TPpOraHHaA 3aulATHl. 

IIpopeqenHble pacueTEl M0Ka3aH, ATO MPH MpakTHYeCKH BOSMOXKHPIX 
TOKAX KOPOTKOTO 3aMbIKaHHA HM MCHONbSOBaHHH M3TOTOBJAeMBIX HBIHE 
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BbICOKOYYBCTBHTCMbHbIX Pele PasMepbl CeYeHHaA MAFrHHTONpoBosa Nosy- 
WalOTCA HACTONIbKO MaJIbIMH, YTO MEXAHHYECKad HKECTKOCTS TpahciopMa- 
TOpa OKa3blBaeTCA HeOcTaTOUHOH. B stux cyyaax NpuxonuTca BbIGH- 
PaTb CedeHHe MarHHTOMNpOBONa, PYKOBOACTBYACh KOHCTPYKTUBHBIMH CO- 
o6paxKeHHaAMH. 

IIpw HeoOxoqHMOCTH .uMeTh NepBHYHy10 O6MOTKY H3 HEeCKOJIBKHX 
BHTKOB MOMKHO COOTBETCTBYIOW€€ YHCIO Pas NPONYCTHTb MpoBOA MHA 
Yepes OKHO MarHHTOMpOBOa, HO MpH 9TOM HeOOXOAHMO yBeHUMBAaTD 
pasMepbI oxkHa. Kak noka3anu MpoBepouHble pacueTH, pH nepBHYHOM 
TOKe TporaHHa 3alluTH NopadKa 100 a nponyckatb MpoBog AMHHM Yepe3 
OKHO TpaHcopmMatTopa Ooslee ofHOTO pasa Helenecoo6pa3HO, Tak Kak 
MarHHTOABUKylllad CHa NOWydaeTCA MOCTATOUHOH AIA co3smaHHA HeO6- 
XOAMMOrO MarHHTHOTO NoToKa, a MArHATOMPOBOR IPH STOM HMEeeT MaJIbIi 
BeC BCJIEACTBHE MaJIOrO pa3Mepa OKHa. 


3amaia HHKeHepHoro pacueTa TpaHcopmaTopa He MOxeT OHITD 
pellieHa O2HO3HaYHO, T. €. JIA MCXOMHbIX JA@HHEIX MOMKHO HaliTH He- 
CKOJIbKO TpaHctpOpMaTopos C pa3NHYHbIMH ceyeHuAMH MarHuTONpoBoya 
H Pa3IHYHbIMH YHCIAMH BHTKOB BTOPH4eHOR OOMOTKH. . 

BewieXcrave HeHHeHHOM 3aBHCHMOCTH MexKAY HHAYKUMeER u HaTipa- 
XKCHHOCTbiO MarHHTHOFO NOMA, a TakxKe OoNbWOrO KOMMYeCTBA NpHUHH, 
BJIMAIOULHX Ha pacueT, HavOosee MPOCTbIM H HarADHbIM ABAAeTCA pac- 
ueT MeETOJOM TlofOopa HaHBbiroqHenme;ro BapHaHTa. | 

IIpu 9ToM HeT HeOOxo_MMocTH cTpeMHTECA K GONbIMNOH TOUHOCTH 
H BIONHE MOCTATOYHO OrpaHHYHTCA ABYMA-TpeMa BapwaHTamu pac- 
Weta MOCKOMbKy pacueTHble BEMMYHHbI, XaPAakKTePpH3ylOUlHé paooty TpaHc- 
opMatopa, nouyyeHHble B pesymbTaTe pacueta, MOTYT OTJH4aTbCA OT 
TAKOBbIX Y H3FOTOBNeHHOTO TpaHctopmMatTopa mo cnenyiouluM TIpH- 
qHHaM: ee | : a 

a) KpHBad HaMarHHaHBaHHaA MaTepHana cepmeyHHKa MoxeT He- 
CKOIbKO OTJHUAaTbCH OT KPHBOH HaMArHHYHBaHHA NPHHATOK mpH pac- 
4eTe; | | 2 | 

6) MOryT yxynulaTbca MarHHTHEIe CBOfCTBAa MaTepHawia cepreqHHKa 
Npv pe3ke H WITAMIMOBKe JIHMCTOB; | ; 7 

B) BOSAYUIHbIe 3a30phl B CTepKHAX MOFyT OTMHYATECA OT 3alpoeK- 
THPOBAHHBIX. | | a 

IIpH sTOM CnemyeT MpexycMaTpuBaTD NepBHYABIA TOK TporaHHa 3a- 
WUTE Ha 10--15°/p MeHDIHM, vem Tpe6yeMbIH, TaK Kak 3TOT TOK MOXKHO 
YBENHUHT TPH HaCTPOWKe 3alllUTbI NOCPeACTBOM H3MeHeEHHA NO6ABOUHEIX 
CONPOTHBeHHH (yBeIHGeHHA — Ip cxeme, H300paxkeHHon Ha cur. 1,a, 
MH YMCHbINeCHHA — TIpH CXeMe, IIpHBeAeHHOH Ha qbur. 1,6), a ecam nep- 
BHYHBIA TOK TpOraHua 3allMMTbl Dg H3rOTOBNeCHHBIX TpaHcopMaTopoB 
OKaxkeTcs Oovblile 3aaHHOrO, TO YMeHBIIHT ero 6e3 nepeweskw TpaHe- 
cbopMaTopos He Bcerma MpegcraBaserca BO3MO2KHBIM. | 

B 3akm0ueHe cilenyeT OTMETHTb, YTO BONPOCHI pacueta u IKKOHCTPyH- 
POBaHH PaCCMOTPeHHEIX TpaHCOpMaTOpoB JIA CaMONeTHOM S7eKTpO- 
CeTH elle MAO HCCIE2OBaHb WH BBY HeECOMHECHHOA aKTYaJIbHOCTH >Ke- 
WaTeibHa JalbHelias paspa6orKa STHX BONpOCoB. | 
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Mux. A. A. KOB3AH 


OB HCNOJb3OBAHHH OBLIMBKM CAMOJIETA B KAYECTBE 
OJHOFO H3 PA3HbIX MPOBOLOB 


-TeopeTuueckve MpeAnocblIki npHMeHeHua Tpexpa3Hblx ceTeH c HC- 
NOJIb3O0BaHHEM 3@MJIH B Ka¥ecTBe OMHOTO H3 (a3HbIX NpOBOOB OT- 
HOCATCA K MBanuaTbLIm roqam (O. Mayr «Die Erde als Wechselstrom- 
leiter», E. T. Z., 1925). : 

Tlepsste onpirnt yo JITI3 (gpa mpoBpoxa—s3eMiA) MPOBOAMJINCh Mpe- 
HMYULECTBEHHO B SJeKTPHHKALHA CeMbCKOrO XO3AHCTBa yKe B Hauawe 
TPHAWATHIX FOLOB. | | 

Kak moKka3blBaeT JJIMTeIbHad SKCIyaTalua TaKHX CHCTeM, ABYyX- 
npoBoguble Tpexdasupbie ceru (ceTw JIS) umetwr paa HeECOMHEHHBIX 
mpeuMylecTB (9KOHOMHA TpeTH MeMH, YaCTH allllapaTypbl, NOBbILMeHHe 
KIT, anextponepenauu u T. 0.), XOTA WH OOMaaloT HEKOTOPbIMH Heso- 
cTaTKaMH (ACHMMeTpHA SJeKTponepesayn, HeKOTOpoe yxXyAMeHHe YCJO- 
BUM 6e30MacHOCTH H MIp.). | | 

TIpu o6opyqopaHun caMoueToB CHCTeMOM Tpexda3Horo MepeMeHHOrO 
ToKa cucteMa JITI3 (B KauecTBe «3€MJIH> MOMKET CIYKUTh METAIINYC- 
cKaa OOIMBKa -— Koprlyc CaMOseTa) MOJKHa IIpHBJeub BHUMAaHHe OJlar 
rolapsa CBOHM CepbeSHbIM IIpeHMyecTBaM B Bece Nepex OOLIMHOM Tpex- 
NpOBOAHOH CHcTeMO# ?. | | 

Takaa, ABYXMpOBOaHag CHCTeMa «Ba MpoBoya — Kopnyc camMoyleTa» 
(JAIIK) mMoxer Halira npakTHyeckoe IpHMeHeHHe B aBHallHny. 

_ACHMMETDHA TOKOB H HallpaxKeHHK Np NPHMCHeHHA JAK, Kak noKa- 
3bIBalOT PAaCYeTHI, He BbIXOZHT 3a Mpefesbl RONYCTHMOL (T. e. 5°/o). Kpo- 
Me TOPO, Kak 6yeT MOKa3aHO HHKe, B HEKOTOPbIX CUYYaAX MOMKHO MYTEM 
BBeLeHHA NOOABOUHEIX COMpOTHBMeHUi MOOuTECA Toro, uTo cuctema JIIIK 
Oyler npakTHyuecKH aHasloruyna OObIMHOH Tpexpa3sHok TpaHCMOHHpOBaH- 
HOW JIHHHH. | 

CnenyeT OTMeTHTb, YTO BCH SeCKTpH¥eCKad CeTb, NHTaoulaaca OT 
ONHHUX H TeX Ke HCTOUHHKOB SHEprHH (IeKTPHYeECKH CBA3AHHAaA CHCTEC- 
Ma), JOJWKHa NONHOCTHIO NepeBOAHTbCA Ha padoTy Mo cxemMe AAI K. 

BpmomHenve Kakux-1u460 y4aCTKOB 10 TpexXNPOBOAHOH CxeMe He 
onpaBAbIBaerca, TaK Kak 9TH yUacTKH OyAYT BCe paBHO OO/alaTb OCQ- 
6enHocTamu cere JITIK. 


1 B cayyae HeONHpOBaHHOnH HeliTpaak FetepaTopos. 
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‘SAEKTPRYECKHA PACYET JIHHHA B CHCTEME 
<J[BA MPOBOJA — KOPMYC CAMOJIETA» (AIK) 


| PaccMoTpHM 9eKTPHAeCKy10 eMlb, us06paxeHHyio Ha (ur. r 1 
 ‘TipHHamMasa moouepexHo conpoTuBsieHue ofHOH Harpy3Ku paBHEIM 
HYJHO-H ODHOBPEMEHHO Se aes Ap YO — Oe CHeNHOr Te 


ls bah iia cl pel 
MO2KHO HalIpAXKeHHA B HaWaJie JHHHM Ip TOKax, paBHbIX COOTBETCTBEHHO 
Liccds. Tu La, i. lg 


(dur. 2,a, 6), paccmMaTpHBaTp kak NaweHusn HanpaKennih B JIHHHH. 


" 








' L 
l pee ae l tp Haepyaxea, 2" 
(Siete 
ol \ doe nell — eb 
, om ft cca Hazpyana," 
Us 7 
‘ ae a Z9 
" aff Zo 
AC sorabapaparpmny i “Wsnlite 
: AV g" /7. 


iCarly 
Mur, 1. HpnaunnuaibHad cXeMa JByXMpoBowHon a 
cuctempl JIIK ‘c aByMA Harpy3skaMH, | 


TIpopezemM pacueT mocleqOBaTeJIbHO WIA ABYx CX€M (oar. 2,0 u 6). 
OuesutHO HaslowKeHHe CxeM @ uM 6 Apyr Ha Apyra act HaM ‘eicTBu- 
TeIbHy!0 KapTHHy pacnpesenenusa TOKOB H naqenhit HanpaKeHHit B 9JI€K- 
TPHYECKOM JIMHHH, TOKasaHHOH Ha cur. |. 

Cxemy, IpwBenenuyio Ha cur. 2,a, MO2XxHO | paccmarpusare Kak 


Ape eT pono, — Kopnyc* , OGTeKaeMBIe KaxwKad TOKAMH 1, ¥ 
/y, CBA3aHHEIe Mexy coOol B3auMHOH MHAYKuMeH Mm HMeIONIHe 
oOmee conpoTupieHue Z,. Cxemy, u306paxeHHy!lo Ha dur. 2,6, 
MOKHO PaCCMaTPHBaTb Kak ape meTiu ,mpoBoxy—Kkopnyc*, o6TeKa- 
eMBIe TOKaMH i, u /, CBA3aHHHe Mex.y coool B3aHMHOM HHYK- 
nue 1“ HMe1O He GOniee cou PUMMBACHNC. Z,. 


1 Pacuer nen c anon Harpyakon B KOHUC JIMHMY pa3HHIMH MeTOaMH BEINOHEH 
B pa6ote JI, E.96uuna w I. M. Anyxkepa, OnektpwuecknH pacueT ceteH c 
FCTIOJIb3OBaHHeM. 3CMIH -B-KavecTRe OLHOFO H3-da3HEIx Mposozos. (foconepronazar, 
M.—JI., 1949) # B pa6ote B. B. Awapees a, O ABYXTPOBORHOE mpexqasuos aHHHM 
(Tpymu MAW, Ne 57; 1956). panes. Gee 


103 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Ecau o603HauHM 4epe3 Z,, CONPOTHBIeCHHe CAMOHHAYKUHMA NeTan 
»~UpoBona aa’—xopnyc*; yepes Z1»— CONPOTHBAeHHE CaMOHHAyYKUHH 
nevi ,mpoBod bb’—xopnyc“, yepes Z, —conpoTuBieHve B3aHMHOK 
HHAYKUMH ABYX TaKHX NeTeb MH COOTBETCTBEHHO 4epes Z,,— CONpo- 
THBCHHe CAMOHHAYKIUMH NeTIH ,MpoBon aa” —Kopnyc“, yepe3 Z,,— 
CONPOTHBAeCHHe CAMOHHAYKUHH neTaH ,mpoBog 0b” — Kopnyc*, 4epes 





a 2 td ee 22 . He 
lg=-(lg*t, ) 


ur, 2. Cxema pacuera nunnu JITIK c aByMA Harpy3Kamu. 


Zn — COMPOTHBACHHE B3€HMHOH HHAYKUHH ABYX NeTeb, TO Najenua 
HaNpAXKeHHH B MHAH AU,,,4U,,, AU;, (cM. pur. 2,a) uw AUT, AUT, 
AU”, (cM. dur. 2,6) MOXKHO BEIPa3HTb TAK: 


AU? =Z,1,+ Z,1,— 21 


g& & ; 
AU; =Z1,1,+ Z,1,-ZU., (1) 
BUG y= AU ig — AU 5g = (Zia Zn) 1, — (Zia Zin) fy 
WM 
AU" = Zyql t+ Z_l,—Z0, 
AU; = Zyf,+Z,f,-Z0, (2) 


AU = AU — AU = (Z1a— Zn) I —(2Z1,—Zy) i: 
[Ipamenaa TIIPHHIMM HaOKeCHHA JIA CcxeM Qu 6 cur. 2 uw NPHHAB 
Lig=SZy=2,, 2ig=2,y=Z2Z, NOMYYM AMHeHHbe NaleHus Hanpa- 
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OKCHHH Ha yuactKe LL” jaa ReicTBATeAbHOL CXC€MBI, IPHBeeHHOH 


Ha cur. 1: 

AG == AU’, i AU a» = AU. ate AU", 

AU yg = AUG, + U5, = AU, + AU; (3) 
| (AU, = AU), + AUT, = AU, + AU", | | 
rye — 


AU = (2, — 2) (la —,), 
AU, = Zl, +Z,1,— Zl, 4) 
AU, — (ZL, + Z,1,—Z.i'): 
AU = (Z; — Z,) (4-4), 
WU, = Zt Zh zi, | 6) 
AU a= — (2,1, + Zhi — 200"); 
AU,» AU,,, AU, — adnefinbie nanenua HallpA2KeHHH Ha y4acTKe an- 
eee, Ha ELS : 
AU’ AU ig AU, — TO xe Ha yyactke L’L’: 
2, 4 Z),—cOnpoTuBaeHUA caMo- B3aHMOHHAYKOMN NeTeb 
»MPOBOZ aa” —xkopnyc* u »MpoBoy b’b” —xKop- 
nyc": Z;>=2Z,+Z) w Lmn=LytZ. - 
PasIOKUM JAMHeHHHe naleHua HanpsxKeHnt AU», AU;,,., AU 
’ ga 


B ABYXNPOBORHOH TpexdasHo AnH 
HH (y¥acToK aM ” a 
MCTPHYUHEIC COCTaBAAIOMHe: | ty Huu LL") Ha cum 


AU, a (AU ap +a AU,. air a? AU 4), | 

AU 2 = 30 (AU, + @?AU,. + aAl/,,), { | (6) 
. 1 ne “6 ‘ 

AU 9 = — (AU. + AU, + AU,,) =0 7 | 


H, Y4TA, YTO MexKAY HHeHHEIM ‘BIN ACTDHUHE 1 
HM  MasHbIMH CHMMeTPHUHEIMH - 
JTAIOULMMH CYULECTBYIOT 3A€BHCHMOCTH | : aaa 





AU, =(1 — a?) AU, | 
— a 7 
Tae ne 
axe *, gtm=e 4 
; =e " —qda3HHe MHOKHTE/H, 
1848 
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HalimeM CHMMECTPHUHbIe COCTABJAIONIHE (basHbIx MafeHHi HallpAKeHHH, 
BbIPaKeHHble Yepe3s PasHble TOKE: 


1 


Wy =, [(Z, +42, — VZ,) i+ (aZ,4+Z1,-@Z)lj+ | 
4 (Z,+0LZ_— V2") I+ (aZ, + 2Z_— VS) ay 
MM y= = (Z, +a°Z,, —aZ\) I+ (@Z,+Z,,—aZ,) pr t (8) 





+(Z,+@°Z,,—aZ;) Ir + (@Z,+Z,— aZ)) Fl 
AU gy # 0. 


—] 


B o6ulem clyyae ZBYXMpOBOAHOK TpexasHOH JMHHH CHMMeTPHHaA 
CocTaBIAIOULAd HYeBOH NOCMeMOBATeJIbHOCTH A Uyo He papHa uyvo. Ilo- 


cKonbKy BeIHUHHa A Uj B asibHelieM He UCMOJIbSyeTCA, MCTOR Haxox- 
meHua ee B HacToAen padoTe He pacCMaTPHBAeTcA. 


Haiinem BpipaxkeHun PasHblx NayqeHun HallpAKeHHH TpexdasHou CH- 
cTeMbI Ha yuacTke 1HHHH LL”: 


4(—Z,+2Z),+ Z,)1,4+(22,—2Zat 4) la + 
4 (—Z,42Z_4+2,) I) +40 go, 


. , | oe ) 
AU 4 = (MW go + WU ga + WU ge) = (022, — 2 + 2) (+ | 





. : _ ‘ ] r P ? . 
LU p= (WU got PU g tage) = (2, +22 nt Zp) lot | ogy 


— 


4 (22, —-Z, 4+ Zit (—Z, 4 2Zq+Z) + 
4 (2Z,—Z_ + Z,) bh) + MU 495 
AU g = (AU go + AU gr + PAU g2) = F(Z, + 2m + Ze) I+ 


+(Z,+2Zn + Z,) "] + AU go. ) 


Bauzy 60nbm0H MpOBOAMMOCTH OOUIMBKH CaMOJeTA, UCMOMb3yeMOn 


B KayecTBe :basHoro MpoBOsa, NaweHvA HanpAxKeHHH B cpa3sax OyLyT 
pasinuHnl. Jierko yOeAHTbCA, ITO NaqeHve HaNpAKCHHA AUG 6yeT 
menbure, wem AU, u AUg. 


Cuntaa HalpsoKeHHs, MpHOxKeHHbIe K JIMHMH, CHMMETDHUHBIMH 
(CMMMETPHUHBIM TpexasHbi reHepaTop Cc (ba3sHbIMu Han pax CHAM 
(U,=U, U,z=@U u Uc=aU), MoxHo onpeseruTb AMHEHHEIC Ha- 
pA xKeHHA B KOHWe AHHHM Ha Harpy3Ke ,2* (ur. 3): 
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AMUHUA 
A U, 


x pany «Pn a” —L» 
ae ae 
wae eee Zus*Zn 
Dg bs al o" 
a 7 en 
baad | : 
7 





ur. 3. Onpenenenue asHbix u AHHeMHEIX HanpaKenuA Ha Harpy3ke. 


Upa=Upat Uy=(a?—1)U +(Z,—Z,) (E,—f) + 
+(Z,—Z,) (/,—f), 
Veg Uy + MU yg=a(1—a)U + (Z,4-Z,) f+ 
+(Z,+Z) t+ (Zp +Z,) + (2, +22) f, 
Ule = Unc + AU gg = (1—a) U— (2,42) 
—(Z,, +25) f,—(Z, 4+ Zl (Zp + Z) ht, 


(10) 


Ecaw npelnorz0xuTb CHMMCTPH4HHIM MPHeMHHK, BKJOUCHHHI 'B 
»3besqy" B KOHME AHHHH (T. e. Z,,=Zy 2 =Z, ¢=Zy)) TO MOKHO 


YCTaHOBHTb (ba3sHbe Hanpsa Kenna 7 KOHIG€ JMHHH HNO OTHOMeHHIO 
K HeHTPpatbHOh TOUKe, HMe€A B BHAY, TO AIA CHMMCTPHYHOH Ha- 
r'py3Ku 
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U",.—U, ac. 2h ics 
Uy = A UF I0Z,-Z, 4 Zt | 


+(—Z,+2Z,,+ Z,)1,+(2Z,—2,+ 25), + 
+ (—Z, +22, + Z;) fi) 


Sette: i ee 
U7, =, Sa + [ (2, - 22, —2,) 1, + 


+(—2Z,4+2Z,—Z°) /5), 


Tap —U, a) ie 
Ups SA aa —~ (2, 4-2, + 2Z,) 1, + 


+(—22,+Z,—Z,) 1, + (21-22% _—Z%) I + | 
Cc 3 | 


+ (Z,+Z_+2Z) f). 


Bpipaxenna (11) aia cryyan CHMMeTpHYHON Harpy3KH MOMKHO NOJy- 
YHTb H ApyruM cnoco6om, HalpHMep, BLIUHTaA H3 (PasHblx HallpsAKeHHH 
renepaTopa COoTBeTCTByIOulHe (asHble NayeHHA HallpAKeHHH (9) H yIH- 
ThIBaNd HampamxeHHe AUgo=Uoo (cm. dur. 3). 

AHaJIOrHUHbIM OOpa3z0M ONpeseAtOTCA YCJIOBHA PpaOorThl TIPHeEMHHKa 
guekTpooHepruu «il» (cm. cur. 1). He Kacaach NpoMexkyTOUHbIX pacue- 
TOB, IIPHBe€M OKOHYATeJIbHbIe BbIPAKeHHA Jig NaleHuh HanpaxKennn 
B COOTBETCTBYIOWMX a3ax Ha yyacTKe JHHHH LL’: 


WU, (002, -Z,+Z) i +(—Z,+%atZpi+ | 
+(2Z,— Z,) 1, +(—Z,+2Z),) f+ au,,,, 

AU, = (2, +22, + Z,) 1 +2Z,-Z, +Z,)i,4 b (12) 

| +(—Z,+2Z,) f+ (2Z,—Z,)h)+ au, 

Wg =——((Z,+Z,, +22) t+(Z, + Zi) Plt yy. 

Ecau ex iaah reHeparop, apncoseeNie B Haase a CHM- 


MeTPH4HbI (cM. cTp. 107), To MHHeEHMHbIe HalNpaAxKeHHA Ha Harpy3Ke «|» 
.(ur. 1) 6yayT paBHE: | 


Una=(@—-1)U + (Z,—Z,) (L—h,), 7 
Upg=a(l—a)U4+Z1,4Z,1,-Z 1, (13) 
O4=(—a)U—Z,1,—Z,1,+Z,1.. 
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I] pHhumast Harpy3ky ,1° CHMMeETPHYHOH, BKMIOYeHHOM Mo cxeme 
speana® (21 4= 25 ,=2y¢™Z,), HAXODHM *asHne HanpaxeHnA 


U',, U, 4 U, no oTHomenmo x HefAtpanbHOH ToUKe notTpe6utena: 


., Ugc—Upg, |, 1 es ) 
| One UF 102, - 2, 4 Z E+ (-Z, 4 


+22, +Z,)1,+ (2Z,—Z,) i+ (—Z,+22Z;,) Hy, 





, Ua,—U, oe | | 
Ug = SS at — — ((— 2, 4 22,4 ZF + 
+ (2Z,—Z,4+Z,)l,+(—Z,42Z,)"4(2Z,—Z yi}, | 

| 


» Uog—U' ge a. 

U’ a CB AC = gl/— — ? r) ' "7 

a | 7 (2, +2Z,,+2Z,) 1+ 
+ (Z,+Z,,) iI. 

MuTepecHH Ba 4aCTHHIX Cayyan, Korza ABYXNPOBOAHaA JHHHA 

BHNOMHAETCA Oe3 AOOABOUHHX CONPOTHBAeHHi Z, H Ze BBC JCHHEIX 


NOCA€NOBATe AbHO C cha3aMM Harpy30k, COCAHHCHHEHIMH C OOWHRBKOL — 
KOpMycOM CamOveTa (cM. dur. 1), w BTOpol, Korza 


Z,=Z,—-2Z), uw Zi=Z,—2Z,*. 


BpipaxeHua, COOTBETCTBYIOMHe MePBOMy Cy4aw, NOwyyaioTca u3 
NPeAW AY MUX, NOOKuB Z,= Z) =O. 


; Torga maqewua HanpsxeHait B cbasax sauHun aaa 1-ro calyyan 
yAYT 7 


AU, = — [(2Z, —Z,,) 1, +(—Z, +2Z,,) 1,4 (2Z,— 2") i + 1. 
+ (— Z, +22") 3] + aU go, 
aU y =~ [(—Z, + 221.) 1, + (22, —Z,) |, + (15) 
+ (—Z, +227) f+ (22, — 27) £] + oo, 
MW o= (Zi, + Zq) lg + (Zi + Zi) He] + A go 
H 


* Bu6op JONOAHHTenbHHIX conpoTHBneHHa H3 YCROBHA BO3MOXHOH KOMMeHCalHH 
HECHMMECTPHH JBYXMPOBOLHOH AMHHM OyfeT NOKa3aH Ranee Mp oleHKe HeCHMMeTPHH 
JIMHHH (cM. crp. 115 
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: ‘ : 7 
AU = ((2Z,—Z,) lat (ZF Zi) fol +I G0, | 
SU, = —Z, + 2Zpq) Lo + (22, — Zn) Lo] + AU 0 { (16) 
Mg = (Zi, + Zi) by + | 


Kak H CleqOBalO OKNMLATh, ABYXNPOBOHAA JHHUA B aHHOM CJlyyae 
OKa3bIBaeTCA HECHMMeTPHYHON Wa OOeux Harpy30K, CreqyeT 3aMeTHTh, 


UTO HalpAxKeHHA HyeBOH MOCMeMOBAaTebHOCTH AUgo u AU’go B BbIpa- 
*KeHHaAx (15) un (16) He TORK AeCTBEHHI NOAOOHBIM BeAMYHHaM B BbIpa- 
m*KeHHAX (9) H (12). | 

Jluneiuble uv dasHble HalipaAxKeHHA MpH CHMMeTPHYHHIx renepaTope H 
Harpy3Kax, COCAMHCHHBIX «3Be320H», OYAyYT PaBHbIMH y noTpe6ute- 
na «2» 


. 5 ; . e - - om * ’} 
U*,=(@—1)U 4 (Z,—Z,) la — Ie) + (2, - 2) a — I) | 
U,=a(1—a)U+Z,b,4+ Zi la+ Zit Zyl (17) 
U',.=(1—a) U0 —Z1,-Z,1,- Zl — ZU | 
= 
i . ] ‘ : 7 ‘ ' 7 
UO", =U —— (02, —2,) lat (— 2, + Sp) ly + 
+ (2Z,—Z7) f+ (—-Z,42Z7,) ty), 
Up=aU +4 [(Z,-2Z,) ba t(— Zit Zier | (18) 
4-(Z,—22" ) fe 4 (22,427) 5), 
U,=aU ~~ [(Z, +2) gt (2, +25) Lgl | 
uw y noTpe6utena 1“ . a 
U', =(@—-1)U+(Z,—Z),) la 4): | 
U',=a(l—aU+Z,1,4+Ziylo 1 (19) 
U'ye= (a) U-Z la Zinl» | 


UU —[(2Z,—Z,) lat (—Z, + Zin) Mal. 
Ua aU —— [(—Z,+2Z),) La + OZ, —Z,) Lol, (20) 


U=aU —— (Zi, + Zig) be 


TT ae sel ee 
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Untepecno paccMoTpeTb Takxe BEIpaxkeHHA, aHamoruyne (15), 
(17), (18) uw (16), (19), (20), aaa cayy4an, Korza NOCTeMOBaTebHO 
c (ba3aMH Harpy30K, COCMHEHHHIMH C KOPNYCOM CaMOveTa, BBORATCA 
yoOapounbe compoTupienua Z,=Z,—2Z, i Z,=2,—22,, (CM. 


ur. 1). 
llorepH HanpsxKeHAa B KaxyOK case znHun JITIK OyazyT paBHEMH 
ia Harpy3KH ,2“ B KOHIe AMHHH 


AU, =(Z,—Z_)LA+(Z,- ZL, 
AU,=(Z,—Z),) 1, + (Z,—-Z,,) 4, (21) 
AUg=(Z,—Z,,)1,+ (Z,-Zn) 
HM Ja Harpy3KH ,1“ 
\ 
AU, =(Z,—Zy) 1, + (OZ, — Ziq) f+ 
+(—Z,+2Z,) fi] +AU yo 
aU'=(Z,—Z,,) f, + (-Z, +2Z;,) f+ 1 (22) 
+ (22, —Z),) G+ au yy 
AUG = (Z,—Z,) fy + (2, + Zy) fy + WU go 
J 
HIM, IPHHHMaA Ad CHMMETPHYHOH Harpy3KH B KOHIL€ AMHHH CHM- 
MeTpHuHyio cucremy TOKOB /), /) uJ), Bapaxenue (22) MO2%KHO 
mpeo6pasoBaTb B (23): | 


os : : ° ] ; : *. « 
AU", =(Z,~—Z,,) a+ (Z,— 2Z,) I + AU 


is ‘ , : l : : * wr 
MU = (Z,—Z,,) ly + (Z,—2Z py) H+ Mig, b (28) 





“ , ' , 2 r , ;7 “yr 
MU g=(Z,— Zo) lp (Z,— 2Z q) Het Wg. | 


M3 Bhipaweuua (21) cilezyet, 4TO B Clydae BBeJeHHA AONOVHHTEJb- 
HbIX COMNPOTHBCHHH ABYXNpOBOAHag TpextasHaa JIMHHg Ala Harpy3KH 
B KOHIW€ JIMHHM OKa3biBaeTCA Kak Obl TpaHCNOHHPOBaHHOH;, CHMMETPH4- 
HYIO COCTABJIAIOULYIO HYMeBOH NocmegoBaTebHOCTH A Ugo B STOM CJIy4ae 
MIpakTH¥YeCKH MOXHO C4YMTAaTb paBHoH Hyst0. [lorepu HanpsxeHH B cha- 
3ax XapaKTepH3ylOTCA ABYMA CHCT€MA@MH TOKOB, 3aBHCALIMX OT Harpy- 
30k «l» u «2». Jina Harpy3kuH «l» (22) munua AIIK ne tpancnonupo- 
BaHa; TaKHM O6pa30M, B JaHHOM CJlydae BBeweHHe JONOJIHHTECJIDHbIX 
COMPOTHBJICHHH TIOJIHOCTbIO He KOMIICHCHPyeT HECHMMETPHIO TOKOB H Ha- 
Np A.KeHHH. | 
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I] PHHHMaA TeHEPATOP, BKIOUCHHHA Ha ABYXNPOBOAHYIO AHH, 
CHMMCTPHUHBIM C (a3HbiMH HanpmxKennuaMa =U,—U, Uz,=aU, 
Uc=alU, w yura (21) uw (23), zerko nozy4unTb BEIpaxeHuA ya 
AMHCHHEIX WM Ma3HbtX Hapa KeHHA y noTpe6uTesei’. 

IIpHpegem BbIpPaxKeHHA DIA (asHbIx HanpsxKeHnHH, NPHHUMaA Harpy3- 
KH CHMM€TPHUHbIMH H CO@AHHEHHBIMH M0 CXeMe «3Be3a>. 


U5,=U-(Z,—Z,)N-(Z,-Z,) ht, | 
U,=@U—(Z,—Z))/,—(Z,—Z,) 1’, | (24) 


Aer A SRY Seer Pe An | 


are . ; F . 1 ; : a 
U,=U—(Z,—Z,) l,—— (2, —2Z,,) h | 


ee ° ; i . ] ; ne - 
U,= VU —(Z,—Z,,)l,—-— (Z,—2Z,,) fh, | (28) 





Pr * 7 , . 2 ; ;  » 
Up = aU —(Z,—Z,,) lg += (Z,—2Z,) I, 


HECHMMETPHA J BYXNPOBOJHORM TPEX®A3HOM CHCTEMBI 


Jl OW€HKH aCHMMeTPHH HalpsKeHHA HM TOKOB JBYXIMpOBOLHOS CH- 
CT€MbI C HCNOb3OBaHHeM OOIWHBKH CaMOsleTa B KavecTBe (ba3HOoro Mpo- 
BOa BbIPa3HM JIMHeHHbIe HalpsxKeHHg (10) u (13) uepes ux cuMmMert- 
PHUHbIe COCTaBJIAIOUINe 


og ] _ fe e : 
Un =z Gp, t Ug + U4 —) = (2 —1) U— 

1 ' ’ ’ ? , , 9 7! ry 
~~ (@?— I) [(Z, +.aZ,,—a?Z,) 1, + (aZ, + Z,, — a°Z)) [+ 
+(Z,+aZ,,—@Z*) I +(aZ,+Z,—@Z") /'], 

oe 1 oe as ae 
Un y (Yaat VU gt aU ac) = (26) 


1 , , "\ 7 


+ (Z, +02), —a*Z)) 1,4 (aZ,4+2Z,—@Z') I" + 
+(Z,+aZ,,—a?Z") [5], 
"rn 1 “on a "on 
U0 => (Upat Vogt Vic) =9; j 


| STw Ke BLIPaKeHWA MOXKHO NOMyaUMTh H APyruM NyTeM, HanpuMep, NosmoKuB 
B BbIpamenHax (10), (11), (13) w (14) 
Zg=Z,—2Zy, H Z,= Z,— 2Zm. 
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oF ] <, ; ae “yp . 
Ui ms 3 Vas + aUo,+ aU) =(a?—1) U— | 





| —F (= [(Z, +02, — a2) E+ (a2, +Z,—a'2') i+ 
+(Z,+aZ,)f+(aZ,4+Z),)/], | 
Ug => Ugg t aU cg + aU'y¢) = (27) 
= ——-(a*—1) [(@Z,+Z,, —aZ,) f+ 
+(Z,+aZ,—@Z))1,+ (aZ, + Z,) i +(Z,+aZ,)/}, 


a 72 ] et) “yr 7) 
U = (Yaa t Vogt Uc) =0. 


i a0 - 





| J 
[pH ByBoxe (26) uw (27) ucnonb30BaHO cooTHomeHHe 12% =a 
at—,o 





Ec CONPOTHBIeHHA Harpy30K VIA TOKOB IpaMok u o6parnoii 
NOCIENOBATEIbHOCTEH B TpexasHOh CHCTeMe paBHH M@exIy co6ok 
(Zi = Zuo HW Zy,= Zyo), TO ACHMMETPHA TOKOB H HanpAKeHHA IA 


Harpy3KH B KOHUe JIMHHH OyzeT 
U, (aZ,+Z,,—@Z,) 1) 4-(Z, +aZ,,— aZ,) 1, 
8U —(Z, +aZ,,—2@°Z,)1 a—(@Z,+Z,,—@Z,) |, 


fd a 
a fanaa? (a 











v7" 


al 
+2, + Zm—@Z5) 1, + (Zp + aZm — #2), 


— (Zi + 42m —aZ,)T, — (al, + Zn — eZ) i, (28) 





H Aaa Harpy3sKu 1“ 


a (az, + Znla-+(Z, +aZ',)Iy + @Z,1, 
— [80 ~(Z, +.4Z),)ig— (@Z, +Z_) h—a?Z', 1, 


, 


O19 
oy 


- | 





| ae 


| . (29) 








Ana cayyaa Harpy30K C HepaBHHIMM CONPOTHBAeHHAMY JIA TOKOB 
NpAMOH HM OOpaTHOH NoceqoBateabHocTeh (Z,,, # Zio, Zi F Zin ) 
IPH OMPCAeCHHH ACHMMETPHH TOKOB HyKHO NOb3OBaTbCA COOTHO- 
UI@HHeM 

21 

2 leu. (30) 


= 





rhe &;— ACHMMETPHA TOKOB Wid COOTBETCTBYIOWMeH Harpy3KH; 
Sy — ACHMMETPHA HallpAxKeHHA H3 BHPaxeHnii (28) urn (29). 


AOcomoTHOe BHayeHHe CONPOTHBAeHHA OOPaTHOH NOCTeZOBaTeAb- 
HOCTH Zye Ip HaAWUHH S71eKTpOABHTaTeneH B KayeCTBe Harpy30K 
cocTaBaaeT mpuMepHo 0,25-:-0,5 of conpoTuszeHuA npAMof nocren0- 
BaTeIbHOCTH Z),. [IpH cTatayecKoH Harpy3Ke Zi = Zyp- 
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CnegqoBaTebHO, Avid Xyqwero Cayuan aCHMMeTPHA TOKOB &; MOKET 
ONITD OOVIbUIe ACHMMETPHH HallpwaxKeHH ¢, B 2—4 pasa. 


Tlom02%#KHB B BIpakeHuH (28) Z,=2,—2Z,, u Z,=2,—2Z,, 
H IpHHAB C HeKOTOPHIM fonyujenHHeM (Kak 9TO OyneT OFOBOPeHO 


jlagmee), UTO TOKH Harpy30K OOpa3syi0OT CAMMCTPHYHbIC CHCTEMEL, Halt- 
eM Jia 3TOrO C1ydas, TO 


e; =e, = 0. (31) 
Ilo aHanoruu BHpaxeHue (29) NpHHuMaeT BHT 


= (Z,—2Z,)1 4 
30 —3(Z, —Z,,)1,—2Z,—Zmta | 





(32) 


TlonyujeHve, IpHHATOe Tip BbIBOZe BbIPaKeHHA (31), Heo6xoquMo, 
TaK KaK, HCCMOTpA Ha CHMMeTPHYHOCTh Harpy30K, CHCTeMa TOKOB He 
MOKeT ObITh CHMMCTPHYHOH, 4TO CeLyeT W3 BbIPAKeHHh (22), (23) u 
(32). Taxum o06pa30M, BBeeHHe JONOMHUTeJbHBIX COMPOTHBJICHHH TOJIb- 
KO YaCTHYHO KOMMI€HCHpyeT HECHMMeTPHIO ABYXNpoBOsHOn AHHHH. IIpak- 
THYCCKH MOXKHO CHHTATb JWId CHMMCTPHUHON Harpy3KH, BKJIOUCHHOH B 
KOHHe JIMHMH, Mp HaJIMYHH CHMMeCTPHYHON Apyrow Harpy3kKH H BKJIIONC- 
HHH JOMOHUTEIDHEIX COMPOTHBJICHHH aCHMMeTPHIO TOKOB H HallpxKe- 
Hit paBHBIMH Hy0 (31). 


PaccmoTpumM cayual, Korga JBYXMPOBOMHaA JMHHA BbINONHeHA 
6e3 MONOAHHTCIDHHX CONPOTHBeCHHH, T. e. Z = 2,= 9. T1o102K HB 
B BLIpaxkeHHAX (28) u (29) Z,=2,=9, HaHeM BbIpaxKeHHA aCHM- 
MCTPHH HaNpAxKeHHH AIA ZByX Harpy30ok. 


t 


; (aZ, +Z.,) 1g (Zp+4Z oq) yt (AZ + ZL y+ (Zp +42 m)"p | 
BU — (Z, +aZn)lg—(AZ 1+ Lig) yp (Z + OZ) 1 —(QZ + Ziq) Fe 


(Z, —2Z,,)lat(Z, —2Z py)! 4 
8U —(2Z, — Z,)la—(2Z,—Zm)la 


Pee ee) 
Ci ed 


: (33) 








€ 


Fae 


| (aZ',+Z_)lat(Z,+4Zm) to 
U "13U —(Z, + aZ.,) lg —(aZ, + Zm) lo 





oe 
en 


7 27, 
| ( L m (34) 


3U — (2Z; —Zn) le 





Tlono6HO mpenbiayulemMy, MOXHO MTOMYYNTb BEIPAKCHHA MWA 
HCCHMMETPHH JHHHM 6€3 MONOMHHTCbHBIX CONPOTHBICHHH UW AWA 
Jipyrnx Harpy30uHbIxX yCaOBHH, HampHMep Ja Cayyan Harpy30K 
¢ Za, fF LZy UW Ziy, F Zyo- VHOOHCE, OKASHBACTCA, MOMYYHTb UX, BHI- 


paxad CHMMCTPHUHbIe COCTABIAIOINME COOTBETCTBYIOINAX HalipaKeHHH 
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yepe3 CHMMETPHYHHe COCTaBAAIOWMe TOKOB. He NpHBOJA BCeX BEIBO- 
OB, 2aHM OKOHYATeCIbHHe POPMYVIE WIA ACHMMETPHH TOKOB: 











Z. — 27" 
= ae eI (35) 
221 —- Zim + 3LZy9 + 3kZ rena 
_ ky(Z, — 2Zy) + (Zz — 2Zm) | (36) 
| hg (2Z, — Ziq + 8Z pens) + (2Z, — Zm + 3Zreng-+ 8Z 449) |” 





rye Z,.,2-—CONPpOTHBIeHHe reHepaTOpa TOKaM OOpaTHO mocazeno- 


BaTe@IbHOCTH; 
Zu Zuo CONPOTHBCHHA Harpy30K TOKaM OG6paTHOl HocreqOBa- 
| TeIbHOCTH; 
i = * i, i 
k= —_ FF? k=} la lp=1,+ 15; 
2 fy 2 
/,, /,—TOKH npAMol u O6paTHOM noczenOBaTeAbHOCTeli Harpys- 


KH ,1‘; 


1, 4,—TO *e AAA Harpy3Ku ,2*. 


OTMeTHM, YTO TlosyuYeHHble BhIPaKeHHA MerkO Mpeo6pas3yrioTca B u3- 
BeCTHbIe yxKe POPMYyH (CM. K<OMeKTpH4eCKHH pacueT ceTei Cc HCNONb- 
30BaHHEM 3eMJIM: B Ka¥eCTBe OLHOTO H3 (PasHblx NMpoBonos» JI. E. D6una 
H IU. M. Anykepa, a Takxe «O AByxIpoBoHO TpexdasHol mHHHH» 
B. B. Auazpeespa) aa yacTHOro cy4ad OMHOM Harpy3ku Mpu 3HayeHHAx 
KosmMuuHewTos k= 1, ky=ko=0. 

Jia onpewesieHia ACHMMETPHH HallpAKeHUA HYXKHO BOCNOMb3OBAaTHCA 
BbIpakenHHem (30) 


ZH 
Hi 





v= Crs 





rye Z;;,;— CONPOTHBIeHHe Harpy3KH TOKaM NpAMOH NoOCTexOBaTeb- 
HOCTH; 

Zy2— CONPOTHBeHve Harpy3KH TOKaM O6PaTHOH Moc7eROBaTevIb- 
HOCTH. 


O6o6llaa pacueT AIA CyYaa ABYX Harpy30K, clesyeT 3aMeTHTb, YTO 
He MpeAcTaBsaeT oco6oro Tpya paccuHTaTp CXeMy Cc 60OJIbIHM 4HCIOM 
Harpy30k. He nmpou3Boa MHOMKeCTBa pacueTOB, MOXKHO NO aHasoruy 
C IIPHBECHHBIMH BbIIMe 3aMHCaTb COOTBETCTBYIOIWHE BbIPaKeHHA AAA 60- 
Jee COMKHbIX Cyyaes. Oco6eHHO xOpOllo 3TO BHAHO Ha MpuMepe BBI- 
paxkeHHi acHMMeTpHH HallpaxKeHni (33) — (36). | 
- @opmyjbl 21a ompezenenua conpotupiesuh Z,,Z; HW B3aHMHbIX 
HHAyKuMH Z,, Z,, OBYX MapaenbHbIx MeTeIp «MpoBoq—-3emMJIA» 


MpHBOAATCA B WHTepatype. Jina cayyas, Korma B KayecTBe (cba3sHoro 
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MpOBONa HCNOMbL3yeTCA OOUINBKA CAMO/JleTa, COOTBeETCTBYIOMIMe CO- 
NPOTHBCHHA MOXKKHO ONpeszeruTb M0 dopmyviam!: 





Z,=R+j29 flo lg = Re + iXq. lomlem}; (87) 
, Da ; | 
Zn = f29 F104 Ig Ze + Rem+iX gm [0m/KH], (38) 
re R — akTUBHOe COMPOTHBIeHHe NpoBora; 


f — uacTora nepemMeHHOro TOKa; 
h — Bpicora MomBeca MpoBorzos; 

daw— paccTOAHve MexKAY MpoBonzaMy; 

Dw— paccToAHHe OT OAHOTO TpoBoma MO 3epKasJIbHOTO 
H300paxKeHHA APyroro MpoBoka OTHOCHTebHO TI0- 
BEPXHOCTH OOWIHBKH CaMOuleTa; 

fs— SKBUBAJICHTHbIH panuyc mpospoga. Jina BUTEIX Med- 
HbIx MpOBOAOB BeJIMYHHAa ONpeweseHa B 3aBHCHMO- 
CTH OT pamuyca Npopoya 7: 


WIA TIpOBOOB, UMeIOIWHx 7 Mpageh, r,=0,724 r, 
JIA IpoBoyoB, AMeroulux 19 npsanel, r,=0,759 r, 
JIA TIPOBOZOB, HMeloulMx 37 npaneh, r,=0,767 r, 
[WIA MpOBOAOB, HMewolulHx 61 npagD, r,=0,771 7, 
JIA CIOMWHbIX KPYrJIbIX NMpOBOMOB r,=0,779 r; 


Roy X gts Rem» gm COMPOTHBICHHA, YIMTEIBAIOULHe COMpoTuBeHHe 06- 
IMBKH H BUXpeBble TOKH B HeH. ITH CONPOTHBeHHA 
3A4BUCAT OT BbICOTbI TOABeCa MPOBOAOB Hay OOLIMB- 
KOH, paCCTOAHHA MeKLY MpOBOMaMH, YaCTOTHI Mepe- 
MeHHOPO TOKA, TOJILHHbI H IPOBOAHMOCTH OOWMBKH 
uM mpnH uactote 400 2y MoryT ObITb OMpemeJeHb! 3 
rpadukos, NpwBexeHHbix B paOote B. B. Annzpeesa 
«O JBYXTPOBOAHOH TpexasHon JIMHHH>, B PYHKUAH 





OTHOILDICHHH 
Qh D 
aoe pala 
Fo fo 
rae 
109 
Po OnwAy’ 


®—YIvIOBad 4acTOTa MepeMeHHOTO TOKA; 
A—TOAWHHA OGIIMBKH B CM; 


Y—TIPOBOJHMOCTb OOWHBKH B 





OM CM 


Ilpx uacrotax, oTmm4HEx oT 400 24, 3HaYeHHA CONPOTHBAeHHA 
Retry Xgts Rem Xgm» HAHDeHHbIe NO rpapukaM AAA COOTBETCTBYI0- 
mero fy, HalO H3MCHHTb TpomoOpuMoHaabHo yacToTe. IIpH OueHb 


1B. B. Auapees, Uccnenopanue conmpoTHBeHHi IpAMOH HM HyeBOK Moc 1e20- 
BAT@IbHOCTeH CaMOvleTHOM Tpextba3HoH ceTH, Kana. Mucceprauua, MAM, 1950. 
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2h 
OObWOK MpOBOAHMOCTH OOWIMBKH — cTpeMUTCH K OeCKOHEGHOCTH, 


Po 
compotuBieHua Ry, Xer, Roms Xem cTpeMatca kK Hyl0. Ip Maaom 
PaccTOAHHH MexXAy npoBsonamu D,,~ 2h, a conpotusnenua R,, x 
Rem H COOTBETCEBEHHO X,, U X,» IPHOAM3HTEIbHO paBHEl. 


3AKJIIOUEHHE 


Buegpenve B aBHalluu Tpexdba3sHow cHCTeMHI NepeMeHHOTO TOKa OT- 
KPbIBaCT OONbIMHe BOSMOXKHOCTH Mepex HCHOMb3OBAHHEM Mpenaraemon 
ABYXNPOBOZHOK Tpex*asHouw cHcTeMbl, rae B KayecTBe OZHOFO H3 a3sHbx 
MIPOBOAOB UCHOJIb3yeTCA MeTaJIM4eCKad OOWIMBKa CaMouleTa. Takaa AByx- 
MPOBOAHad CHCTEMA aeT SHAYHTebHBIM BbIMIpbIL B BeCe, TAK KaK 9JIeK- 


Tpoo6opyoBaHHe 3aHHMaeT OoNbUIOCe MeCTO B O6LIeM o6opynopaHHH 
COBpeMeHHOro Camouera. 


BpicoKasd NpOBOAHMOCTh OOUIMBKH CaMoseTa YMeHbIllaeT NOTepH 9J1eK- 
TPOSHEPrHH B JHHHH, NoBbiiad OOuma KIT aexrponepenayn. 

HecuMMetpa Tako ABYXNpOBOAHOM CHCTeMEI B OOUIeM He MpeBbl- 
WaeT JONYCTUMBIX 5°/o, 

BpeweHve JONOJHHTeAbHEIX COMPOTHBNeHHH, Kak NOKa3BIBaloT pacue- 
Tbl, XOTH H YME€HbIMaeT HECHMMETPHIO CHCTeMBI, HO NOMHOCTbIO KOMMeH- 


CHPOBaTb e€ He MoxeT. Ilostomy npwyMenenHe NONONHHTeNBHBIX compo- 
THBJICHHA MOKET OKa3aTECA Hellemecoobpa3HLIM, 


Kpome Toro, 11pu 3a3emMleHuH OHO (basbl IHHHH cCO3saloTca ycuo- 
BUA, KOra H30AWMA PuAepoB u alNapatyppl pa6oraer nox nHHeHEIM 
HallpAXKCHHEM BMECTO a3sHoro. 

YBeIMYeHHE TH3JeKTPHYeECKHX NOTepb B H30JIAILMH HW CTapeHve n30/8- 
(MH H€3HayHTeJIbHBI (B Mpezenax HopM). C zpyrof CTOPOHBI, K M@XKILy- 
asopow H30NIAUMN Hw H307R0nH Mex Ay ta3s0H HW Kopnycom tTpe6oBaHHa 
OCT onnnakosbl; cneqoBaTenbHo, mp nepexoge K ABYXNpOBOAHOs cH- 
CTEME MONOMHUTEIbHbIC TPeOOBaHHA Ha USONAUMIO He Halaralorca. 


Cilelyer q06aBuTb, uTo npumMenenne ABYXMNPOBOJHOK CHCTeMbI HH B 
KOEM CJlyuae He 3aTpyAHAeT 3amnTy ceru. Hopag cuctema no CpaBHeHH10 
€ OOMIYHOH Tpexda3sHo uMeeT naxe HEKOTOPble MpeHMYylecTBa, HaTIpu- 


Mep, B TOM, 4TO CileWHabHaa 3alllHTa OT 3aMbIKaHvag Ha MaCCy B JaH- 
HOM CJlY¥4ae ABJIAETCA H3JIHIUHeH. 


Takum 06pa30M, MoxKHO CHUTATb, YTO 3aUJ4Ta ABYXNPOBOAHOL Tpex- 
asnokt CHCTEMbI B HEKOTOPbIx Clyyadx Mpomle O6bIYHOs Tpexnposon- 
HOH H, CJIE1OBaTeJIbHO, BLIFOMHEe Kak B BeCOBOM, TaK HW B SKOHOMHYeCKOM 
OTHOWeHHH. O6opyzoBaHue, npeqHasHayeHHoe aia paOOTh B cucremax 


© H30JIMPOBaHHOK HeHTpasbio, MOKET ObITb HCHONB3OBAHO B MBYXIIpo- 
BOQHBIX CHCTeMax. 


IIpopezenue AaJIbHeHIUAX HCCeEOBaHHA No HCHONb30BaHHIO ABYXmpo. 
BORHOK TpextasHo CHCTeMI MepeMeHHOTO ToKa B aBHalHH yCTaHOBHT 
HeecooOpa3sHocTh MpuMeHeHuA NOLObHOT CX€MbI H OTBCTHT Ha MHOXeE- 


‘TBO BONPOCOB, CBA3aHHBIx HemocpemcTBeHHO c SKclayatTauvenh tTaKkott 
CHCTeMBI. | 
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pur. 8 
bur. 12 
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6 cHH3y 
18 un 20 cBepxy 
8 cBepxy 
1 cBepxy 
Popmyaa (13) 


‘opmysa (1) 
8 cpepxy 
11 cHH3y 


4 cBepxy 


1 cHH3y 


1848/8410 


| 








S3ameyeHHbie onevwaTKH 


HamteuatTaHo 


— K, sin (wt + ¢) 
K sin (wt +¢) 
sin wt 
—KM 
Oer 
AU per ALL 
ur. 1, 6, 
Vnau 
Zou t Zor 
Zoyt Zor 


i, 


Usa 
Zs = Z,—22Lm 


en eer 





Ilo upek 

HomxKyo 6bITb BuHe 

— KK, sin (wt +2) aBT. 

Umy sin (we +- 3) aBT. 

—KK, aBT. 

Vex abt. 

AU peral_ aBT. 

bur. 1, B, abr. 

De ai aBT. 

Fog Fer aBr. 
Zon+ Zor 

lp aBT. 

Z, aBr. 

Ue . abt. 

Z. — Z,—2Zm aBt. 
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CEOPHHK CTATEH 


[lod pedakyued 
Kall. TeXH, HayK : 
BOA. KAPABAHOBA 


Bemynumeaonan emamoen 
A-pa TeXH. HayK 
B. B. COJONOBHHKOBA 


HSMATENIbBCTBO 
_. HHOCTPAHHOM JIMTEPATYPHI 
- Mocxsa, 1957. 
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AHHOTALUHA 


B cOopHHK BKJIOUeHH CTaTbH H3 HHOCTPaHHOH mepHo- 
AMYeCKOM JHTepaTYpbl, MOCBALLeCHHbIe MpHMeHeHHIO YacTOT- 
HbIX MeTOJOB JIA pelleHHA HeKOTOPLIX 3afat aBTOMATHKH. 
B HeM paccmoTpeHht! cnoco6h mpHOmKeHHOR ONeHKH 
CBOHCTB MepexoJHbIX mpoueccoB B JHHeHHbIX CHCTeMaX 
ABTOMATHYECKOrO PeryHPOBaHHA MO HX YaCTOTHbIM Xapak- 
TePHCTHKaM, H3JOKEHLI Pe3yAbTATbI MPHMeHEHHA 4acTOT- 
HbIX M@€TOMOB K HCCNeMOBaHHIO CYILeCTBeHHO He/HHeHHbIX 
CHCTe€M, a TaK2Ke HMITYJIbCHBIX CHCTeM, B COCTAB KOTOPbIX 
BXOLAT WHPPOBLIe BLIYHCINTeAbHbIe MaulHHb. Janel NpH- 
Mepbl NPHMCHCHHA YaCTOTHBIX MeTOQOB K aHaJIM3y peryH- 
pOBaHHA TYpOHH B SHeprocHcTeMaXx H JBHXKeHHA CaMOVJleTa 
¢ aBTONMIOTOM. IIpuBexeHH! TaKxKe HeKOTOpbie cBegeHUA 06 
annapatype H MeTOMaxX SKCNepHMeHTabHOK OWeHKH YacTOT- 
HbIX XApaKTepHCTHK. 

C6opHuK npemHasHaueH JIA Hay4HbIX H HHKEHEPHO- 
TEXHHYeCKHX PaOOTHHKOB, CeUHaNM3HpylOWHXxcA B OGMACTH 
aBTOMaTHYecKoro peryHpoBaHHA. OH MOKeT C/YKATb 
TaKKe JONOMHUTEJIbHEIM MOcOOHeM JIA CTYAMEHTOB CTAaplIHXx 
KYpcOB H achupaHToB psa ciel{HaIbHocTen. 


Penakilua AMTepaTypbl MO BOMpocaM TeXHHKH 
Basedynuui pedaxyued npog. A. E. WEHHANMH 
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NPEQRUCJOBUE 


Hactoswui cOopyuk nocsauen BOMPOCaM MPHMeHeHHA 4a- 
CTOTHBIX ME€TOOB K PeLI€HHIO HEKOTOPbIX 340a4 aBTOMATHKH. 
YacTOTHbie MeTOLb, MpHHATHIe ,Ha BOOpyxKeHHe* cneln- 
aHCTaMH B OOAaCTH aBTOMaTHKA MpHMepHo 20 aer Hasaz, 
B HaCTOMee BpeMA NOAyaWAM 4pesBElyaAHO WupoOKOe pacnpo- ! 
CTpaHenwe HM sBceoOulee npusHanke. Oto o6ycaroBansaerca 
B nepByio ovepedb OoraTcTBOM cusuyeckoro conepxKanua ya- 
CTOTHEIX M€TOOB, HX HarAAHOCTbWO, WIMPOKUMH BO3MO2KHOCTAMH 
SaMeHbl aHaMTHYECKHX pacueToB rpaduyeckuMu NOCTpoeHHaAMH 
HM, HaKOHEH, TEM, YTO MPWMeHeHHe 4ACTOTHEIX MeTOOB MO3B0- 


. iseT paspaOoTatb CpaBHHTeAbHO MpocrToie WH)KEHEPHble METOAbI 
aHamH3a HW CHHT€3a AMHeEMHBIX CHCTeEM aBTOMATHYeCKOroO pery- 
JIMpOBaHHa. 


Hemaqyl0 pOwb B CO3qaHHH 4aCTOTHEIX MmeTONOR ChIrpasn 
pa6oTbl CoBeTCKHX yueHbix. Buempenve YaCcTOTHEIX MeTONOB 
B OO1aCTb @BTOMATHKH O6bIIO CBA3aHO C paspaOoTKo# yacTor- 
HOrO KPHTepHaA YCTOHYMBOCTH JAMHeEMHbIX AWHAMMYeCKUX CHCTeM 
C OTPHUaTeIbHOH OOpaTHoH cBasbio. Sta sanaua 6uaa pellena 
B paOotax I. Hafixsucra (1932 r.), npennoxuBmero uactor- 
Hb KpHTepHi aa avHannsa YCTOMYMBOCTH ycuaHTeneft c oT- 
plate bHOH OOpaTHoH cBasbio, H A. B. Muxattzosa (1938 r.), 
KOTOPHIA MepBLIM MPHMeHHA STOT KpuTeputt B TCOPHH aBTOMAaTH- 
WecKOroO peryAMpOBaHHA HW Maa eMy cTporoe MaTemMaTHyecKoe 
o6ocHoBanve. C sToro BpemeHu. HayHHaerTca OLICTpoe pasBuTue 
4aCTOTHBIX METOROB KaK B Halle CTpaHe, Tak nH 3a py6exxom. 
Oco6enno: MHoro pa6oT, B KOTOPHIX Pa3BHBalOTCA HeM YacTOT- 
HOrO MeTO/a, ObIIO BLIMONHeEHO B. B. Co00BHHKOBEIM, KOTO- 
Pbi MpWMepHO B 9TO »%Ke Bpema (1939 r.) Hayan paspa6oTky 
4aCTOTHBIX MCTOJOB aHasIH3a KayeCTBa AMHeMHEIX CHCTeM aBTo- 
MaTHYCCKOPO perylMpOBaHuA, HalleqUy!0 3aBepuleHHe B ero 
AOKTOPCKOM mucceptaumu (1948 r.). B. B. Coanonosnuxos 
paspaOotan tTakxe npakTHyeckHe MIpHeMbI CHHTe3a KOPpeKTH- 
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pylowwux ycTpoficTa CUCTeM aBTOMATHYeCKOTO peryMpoBaHua, 
OCHOBaHHble Ha HCMOb3OBaHMA YacTOTHOrTO MeToga (1951— 
1953 rr.). | 

Jaa pasBUTHA YACTOTHEIX METOJOB B HaCTOALee BPeMA BeCbMa 
MOKasaTeJIbHO TO OOCTOATEABCTBO, ITO 9TH METOJDI CTAIH BHE]- 
PATLCA B Take O61aCTH TEOPHH aBTOMATHYECKOPO per yAMPOBaHHA, 
Kak TeOPpHA HeAHHeMHbIX CHCTeEM MH TeEOPHA CHCTEM MMMMyAbCHOTO 
peryAMpoBaHnns, B TO BPeMA Kak BHaYaTe YACTOTHbIE MeTOAbI MpH- 
MeHAIMCb MCKJIOUNTeIbHO Jia HCCAeLOBaHMA CBOHMCTB JMHEAHBbIX 
CHCTeM HelipepbiBHoro WeHCTBHA. 

TipuMenuteabHO K TeOpHH HeJIMHeHHbIX (HeMHeEapH3yeMbIX) 
CHCTEM ABTOMATHUeCKOrO peryHPOBaHHA BeCbMa NAOJOTBOPHbIM 
OKa3afi0Cb BBEJeCHHe NOHATHA 9KBHBaAICHTHOTO KOMIVICKCHOTO 
nepewaTOUHOrO KOSPPMUMeEHTA HeMHeMHEIX 9EMCHTOB. Onpe- 
“neneHve 9TOrFO MOHATHA OCHOBaHO Ha MPHHIMMe LFapMOHHUe- 
CKOH J1MHeapH3allun, BlepBble CPOPMYAMPOBaHHOM HU HCMOMb3O- 
BaHHOM Jif peulenua mpaxTuyeckux 3ama4u H. M. Kpbiaosbim u 
H. H. Boromo6ospm (1934—1937 rr.). Metoa rapmonnueckon 
AWHeapHsallun, XOTA HK MMelOlMA HekOTOpbIe OFpaHeHHA, NO- 
SBOneT 9CP(PEKTHBHO HMCCAeLOBaTb MOBeeHHe MHOFHX Cylle- : 
CTBCHHO H@HHeHMHBIX CHCTeM, NMpwyeM 9TH ACCAeLOBaHMA MOTYT 
ObITb BLITOMHEHEI C HCHOMb3OBaHHeM eTaIbHO paspaOoTaHHbix 
HM XOPOWO HSBECTHBIX NACTOTHEIX MeTOLOB. PaspaboTKa Takoro 
pola MeTOLOB HCCeAOBaHHA HeAMHeMHbIX CHCTeM MPOBONMAACh 
LLEBIM PALOM ABTOPOB Kak B Hale crpaue (JI. C. Tonapadapo, 
E. Il. Monosp u ap.), Tak uv 3a py6exKom. | 

Hapsany Cc 9THM 4YaCTOTHLIe MeTOAb C ycnexoMm Obl1M MpH- 
MeHCHbI K MCCeOBaHMIO YaCTO BCTpeyalOWlMxcA Ha MpakTHKe 
CucTeM HMNYAbCHOrO peryaHpoBanua. Y Hac paspaOoTKoh MeTO- 
OB WCCieOBAHMA MMMYABCHEIX cucTem 3aHuMadtca A. 3. Lbin- 
KWH, KOTOPHI Ha OCHOBe AMCKPeTHOrO MpeoOpasoBaHuA Jlan- 
jaca paspa6otan MeTOWKYy, BO MHOFOM CopMalaiolullylo C 4a- 
CTOTHBIM MeTOMOM HcCesoBauMA CHCTeM HelpepbiBnoro Ael- 
cTpua. B mnocnenHee BpeMA B 9TOM HallpaBJIeHHH MOABHIOCb 
JOBOAbHO MHOTO paOoT HW y HHOCTPaHHbIX aBTOPOB. 

TakuM OOpa30M, BO3MOXKHOCTH YaCTOTHDIX M€TOAOB LaleKo 
“He uCuepMaHbl WH OHH NpOMOMKAWT HeMPepbIBHO PasBABATbCA 
H COBEPLieHCTBOBATbCA. 7 

KpatKoe u3ioxKeHHe CYLIHOCTH YaCcTOTHOrO MeTONa HCCAC- 
OBaHWA CHCTEM aBTOMATHYeECKOrO peryAHPOBaHHA 1aHO BO BCTY- 
fMTeIbHOM cTaTbe, HanMcaHHoh B, B. Coso0BHHKOBbIM. 
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B Hactoautem cOopHuke co6pann Nepeponn cTatefi u3 aMe- 
PHKaHCKHX MKYPHAIOB, B KOTOPHIX pPaCCMaTPHBAaIOTCA BONpPOCH 
NPHMCHEHHA YaACTOTHEIX MeTOZOB K aHaH3y HeAHHeMHBIX H 
HMIYAbCHBIX CHCT€M @BTOMATHYeECKOrO PeryHPOBaHHA, a Tak2Ke 
HeKOTOpble OOuMe BONPOCHI TEOPHH H pesyAbTaTh HCCAeLOBAa- 
HWA KOHKPeTHHIX CHCTeM. B OO/IbLIHHCTBe CBOeM NpeAcTaBsAeH- 
HbIe B COOPHHKe CTaTbH MOCBALIEHB! AeTatbHOH pa3paboTKe 
KakOro-HO60 YaCTHOFO BONpOCa WM paccMOTpeHHWO ONpedencH- 
HbIX MpakTHyeckux 3agay. FlostomMy OHH BeCbMa MOKa3aTeAbHbl 
C TOUKH 3PeHHA HIOCTPalHH BO3MOXKHOCTeH 4YaCTOTHOTO Me- 
TOMa, XOTA WH HE CORepxKaT KaKHX-1HO0O HOBbIX, HCH3BECTHBIX 
COBETCKOMY YHTATeJIO MPHHUMHaIbHEIX MOAOKeHHA. 

-Matepnaa cOopHuka crpynnuposaH Mo TeMaTHYeCKOMY MpH- 
3HaKy, H B COOTBETCTBHH C STHM COOPHAK pasOuT Ha 4eTHIpe 
pasfeana. | 

B meppom pa3iete paccmaTpuBaloTcA HeKOTOpHe OOuHe 
BONPOCH MpHMeHeHHA YaCTOTHEIX MeTOAOB K aHaJH3y HW CHH- 
Te3y CHCTeEM aBTOMATHYeCKOrO peryAHPOBaHHA. 

B ctatbe Onbien6yprepa cozepxkuTca NONMTKa CPOpMy.H- 
POBaTb HeKOTOPHe. CTaHAaPTH AAA MpeACTaBAeCHHA YaACTOTHIX 
MaHHHNX H YCTAHOBHTb pacueTHbie KpuTepHH. Llenb cTaTbu — 
aTb HeKOTOpble NMyTeBOAHbIe YKa3aHHA NO UMCNOAb3OBaHHIO 4a- 
CTOTHHX M@TOAOB JIA HH)KeHepHO-TeXHH4eCKHX PaOOTHHKOB, He 
WMeCIOLUMX PiyOOKHX NMO3HaHHA B CMelMabHbIX OTMeax MaTe- 
MaTHKH, 6€3 KOTOPHX MpMMeHeHHe YaACTOTHEIX M€TOAOB CTaHO- 
BHTCA B H3BeECTHOM Mepe OPMaJbHEIM. 

B ctatpe Kep6u u Bomapbska YnTaTelb, 3HaKOMBIM C 4a- 
CTOTHBIM M€TOJOM aHauga Ka4ecTBa, paspa6oTanHni B. B. Coao- 
JLOBHMKOBBIM, NoxKatyH, He HafideT naa ceOa HMYeTO HOBOFO, 

HO OMpemeweHHBIA wHTepec B 9TOM CTaTbe MpeACTaBAAeT NOl- 
xon. K mpe6pasoBanuio Jlannaca Kak K onepallud rapMOHHue- 
ckoro aHatnH3a. AsBTOpH ONHCHIBaIOT Web pA NMpHMepoB H 
MIPHBOAAT TpacHKH, C MOMOLWIbIO KOTOPBIX MO)KHO NPON3BeCTH 
OWeHKY KayeCTBa CHCTeMHI (,OTHOCHTeAbHOK ycTofunBocTu", no 
TECPMHHOJOFHH aBTOpos). | 

B ctatbpe Uy paccmatpupaetca BO3MO%KHOCTb OMCHKH Mepe- 
XOMHOrO MpOlecca CHCTeMH C NOMOMLbIO aHanH3a pacnperee- 
Hua Hye HW NOmOcoB epewaTOUHOK MyHKWUAH 3aMKHYTON 
CHCTeEMbI, OCHOBAaHHOTO Ha HCMOAb3OBaHHH MeTOa KOPHeBOrO 
rozorpada OsBanca. Cratba mpelctTapaseT HHTepec C TOH TOUKH 
SpeHus, YTO NOAXon, NpeanaraeMb aBTOpOM, NepeOpachipacT 


« 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


8 IT peducaoeue 





MOCT M@X%KLY OOBIYHBIM YaCTOTHBIM MeTOAOM aHasH3a mepexor- 
HBIX IIpOleccOB CHCTeM H MeTOROM, OCHOBAHHBIM Ha aHajuse 
pacnpeleienua HY eH M MOJHOCOB MepewaTOUHbIX PyHKUWUA. 

Hakoueu, B cTaTbe Bbepucona w3varaetca mMeTOon mnpH6.u- 
*KCHHOM OWCHKH CBOHCTB MepeXOAHbIX MpOWeCCOB CHCTeM aBTO- 
MaTHYeCKOTO peryAMpOBaHHA MO YaCTOTHbIM XapaKTePHCTHKaM 
pasOMKHYTBIX cCHCcTeM. Untateib HalineT B 9TOM CTaTbe pA M0- 
Jl@3HbIX MpaKTHYeCKUX YyKa3aHhh oO BAMAHHH MapaMeTpoB sora- 
PHMHYeCKHX YACTOTHBIX XapaKTePHCTHK Pa3OMKHYTBIX CHCTeM 
Ha OCOOeHHOCTH HW CBOHMCTBA MepeXOHbIX MpoUeccos. 

Bo sropoh pa3e. BOUMH CTaTbH, B KOTOPbIX HJOCTpH- 
pyeTCA MpuMeHeHHe YaCTOTHOFO MeTOa K aHaM3y CyWLeCTBeEHHO 
HeHHeEMHEIX CHCTeM. Bo BCeX STHX CTATbAX MOJYUeHHbIe Pe3y/b- 
TaTbl ONpPedesIeHbl C MOMOLLbIO NOHATHA SKBHBAJCHTHOFO KO9- 
uWHeHTA YCH/IEHMA HeJTHHeMHOrO 9JeMeHTa (MeTOL TapMOHHYe- 
CKOM HHeapu3allnn). 

B ctatbe [Ipunua ykKa3aH MpweM MOCTPOeHHA YaCTOTHDIX 
XaPaKTePHCTMK B3aMKHYTHIX CHCTeM ABTOMATHYeECKOrO pery.npo- 
BaHHA, COMepKaulHX HeJIMHeHHbIH 9eMeEHT, KOTOPBLIA mMpel- 
CTABAACTCA IKBUBAJICHTHBIM MepeaTOUHLIM KOS@UUMeHTOM. 

B cratbe JlepuHcoHa JletaeTcaA NONBITKAa OODACHHTb ABAEHHe 
»cKauKOOOpasHoro* pesoHaHca, XapaKTepHoe AIA HeEKOTOPHIX 
CAEMAULUX CHCTeM C TaxOMeTpuHYuecKOH cTaOniMsalMeh HW Cc He- 
JMHeHHBIM 9/ICMCHTOM THNa HacbileHHA. Ja CBOHX BbIBOOB 
aBTOp MCNMOMb3yeT 4aCTOTHBI MeTOT HM MOHATHeE 9YKBUBAJCHT- 
HOrTO NepewaTOuHOrO KOSPDULHEHTA. 

MuTepecHoO OTMeCTHTb, YTO 9TO, NOKaTyH, mepBoe ucceo- 
BaHwe ,CKaukoOOpasHoro* pesoHaHca, OCHOBaHHOe Ha HCMO.Ab- 
30BaHHH YacTOTHOTO MeTona. JIo 93TorOo§ ,CcKayKOooOpa3uHblii “ 
Pe3OHaHC HCCJEMOBAJICA TOAbKO C NPMM€HEHHEM CPpaBHHTeJIbHO 
CAOKHBIX Me€TOLOB TeEOPHH HeAHHeMHbIX KOeOaHHH. 

B cratbe YectHaTa Ha OCHOBe 4YaCTOTHOFO MeTOa NpOBO- 
AUTCH MeTabHbIH aHaiH3 CBOHCTB CHCTe€M aBTOMaTHYeCKOrO 
pery.MpOBaHHA, COMePKallLHX Q/EMEHTbI C HACBILLEHHEM H 30HOM 
He4YyBCTBHTe.IbHOCTH KaK B MpAMOM Wenu, Tak HW B Welk OOpaT- 
HoH cBa3H. I]poeKTMpOBUIHK Cae AAWLHX CHCTeEM HaleT B CTaTbe 
MHOFO NO.1e3HbIX MpakKTHYeCKHX CBeeHHi. 

B TpeTbeM pa3iele OObeHHEHBI CTATbH, B KOTOpbIX pac- 
CMATPHBalIOTCA MPHJOKeCHHA YaCTOTHOFO MeTOZa K aHadaH3y 
HEKOTOPLIX CNeWHa/IbHBIX CHCTe€M aBTOMATHYeCKOrO peryNpo- 
BcHuA, B YAaCTHOCTH YWMMyapcuplx cuctem. B cratoax JIMH- 
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Butaa w Cuttaepa wu JlunBuana mw Sanbuepa uanaraetca onHO 
H3 BOSMOXKHBIX NPHMCHeHHH YaCTOTHBIX MeTOAOB AAA aHann3a 
MMIYJIbCHBIX CHCTeM, B TOM 4HCe CHCTeM, COepKalllHX B Kaye- 
CTBE SJI€MeCHTA WMPPOBbIe BLIMMCIUTeAbHbIe MaUIMHbI. B cTathe 
Gablepa PacCMaTPHBAaIOTCA YaCTOTHBIe XapaKTeEPHCTHKH LWHd- 
POBOM BBINMCJIMTeIbHOM MALUHHbI, ABJIMIOULeHCA 9./IeEMeHTOM CH- 
CTeMbI aBTOMATHYeCKOFO peryMpoBaHuA MU paboraioulet B ecTe- 
CTBCHHOM BpeMeHH. 

| CreayeT 3aMeTUTb, UTO NepBad CTaTbA OYVeHb KOHCHeKTUBHA 
H TpeOyeT OT 4HTATeAA 3HaHUA He TObKO OcOGeHHOCTeM paboTI 
MMITYJIbCHBIX CHCTeM, HO HM 9J@MCHTOB TeOPHH TaKHX CHCTeM 
WIM, BO BCAKOM CJyuae, xOpowero 3HaHHA CBOMCTB UM OCHOB- 
HbIX TeOpeM Npeo6pasoBanusa Jlanvaca. 

B cratbe Ofin paccka3bIBaeTCa O MPMMeHeHHH acTOTHOrO 
MeTONa AA MCCeROBaHHA CHCTeMbI peryaMpoBaHuA TypOuH 
B sHeprocucteme IlIpeuuu. Cratba mpeactaBaseT unTepec He 
TOMbKO MOTOMY, YTO YACTOTHEIG METOAbI Ad aHaqu3a paGboThi 
SHEPFOCMCTEM CT41M MPHMeHATbCA CPa4BHHTeJIbHO HEWaBHO, HO H 
B CBASH C TEM, YTO B STOM CTaTbe aHau3s paOoTbl 93HEPrecucTeMbt 
C HCNOMb30BaHHeM YaCTOTHOTO MeTOZa MpOBOAMTCA  y4eTOM 
SKOHOMHYCCKHX GaKTOPOB pa6OTHE CHCTeMBI. 

B cratbe Cukopaa paccMaTpuBaeTCA BO3MOMKHOCTH lpuMme- 
HeHMA YaCTOTHOFO MeTONa LAA aHaH3a YCTOMUMBOCTH 1BMKeHHA 
TaKOFO CJIOKHOFO aSPOAWMHaMHMyeCKOrO OObeKTA, KAKHM ABIAeTCA 
camoueT 1). 

B ueTBepTOM pa3fete OObEAMHEHBI CTATbH, B KOVOPEIX pac- 
CMOTPCHbI HEKOTOPbI€ BOMPOCh! SKCMEPHMeHTaJbHOrO onpeje- 
N€HHA YACTOTHBIX XapaKTePHCTHK CHCTeM aBTOMATHYeCKOrO pe- 
ry 1HPOBaHuaA. 

Cratba Cmuta wu Tpunaerta mpumpikaeT K ctTaTbe Cu- 
Kopia. B Hef mpuBonatca MaTepHanbl 06 SkKCNepHMeHTAaJbHbIx 
MeTONaX OMpeeeHHA UaCTOTHBIX XapaKTepHCTUK CaMOvleTa 
HenocpecTBeHHO B noseTe. Comepxkanne 9TOM cTaTbu “nMWHu 
pa3 NOAYEPKMBAeT OHO H3 MPeCHMyULeCTB YaCTOTHOFO MeTOLA, 
SaKOUaIOLUeeCA B TOM, 4TO HCXOMHbI€ MaHHble MIA aHnannsa 
CIOKKHBIX OObEKTOB (YaCTOTHBI€C XapaKTePMCTHKH) MOryT ObITb 
ONPeeeHbI SKCNEPHMEHTAIbHO. 


1) Cm. take Cnoupmau JL, Mocrpoesne u mpumenenue agpo- 
AMHaMMYeCKHX NepedaTowbix Py ympaBlacmblx CHapagos, Bo- 
npoch pakemnok mexnuu, 2 (38), 1 (1957). 
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B cratbe M3tTbio3a paccMoTpeHa 3aa4a pacueTa YaCTOTHbIX 
XapaKTePpHCTHK JIMHCHHOK UM SKBUBAJCHTHEIX XapaKTePUCTHK 
HeAHHeMHOK 4YaCTH CHCTeEMb! MO 9KCNEPMMCHTAIbHBIM JaHHbIM. 
PaccMOTpeHHan 340a4a NpeAcTaBAeT ONpeneneHHbIA NpakTHye- 
ckHA uHTepec. OueHb 4aCTO Np SKCNepHMeHTAaJbHOM Ormpele- 
N@HHH YACTOTHBIX XaPaKTeEPHCTHK Pe3y/IbTaTbl H3MEPeHHA HCKa- 
*HKalOTCA MPHCYTCTBYIOUNHMH B CHCTeMe He/AMHeMHbIMH 9/1@MeH- 
TaMH, 4 lO M3MePeHHbIM, T. €. HCKAKCHHbIM, AaHHbIM TpeOyeTca 
ONpeMeMTb HCTHHHbI€ YaCTOTHbIe XapakTepHCTHKH JMHeMHOR 
yacTH CHcTeMbI. Pemlenne TakOrO powa 3a0a4uH WH paccMOTPeHO 
B 9TOM CTaTbe. 

Hakoneu, B cTaTbe Cent-Kagpa uw ap. ana KnaccuduKallua 
HM paCCMOTPeHbI XApaKTeEPHCTHKH HEKOTOPLIX THNOB TeHepaTOPOB 
CHHYCOHWJ4/IbHEIX KOJeOaHHA, MpWMeHAIOWHXCA NpH 9KCIepH- 
MCHT4/IbHOM HCCJ€OBAHWM CHCTeM aBTOMATHYeCKOrO perylHpOo- 
BaHMA. SleCb 2%K€ NPWBOLATCA COOOpaxKenua O BOSMO2KHBIX CMO- 
co6ax mocrpoeHua TaKux reHepaTOpos. 

B weloM cOOpHHK MpelcTaBAseT HHTepec DAA Hay4HbIX H 
HH)KCHEPHO-TEXHHYeECKHX  paOOTHHKOB, CNeuWaH3HpyloulHxca 
B OO1acTH aBTOMATHYeCKOrO perysMPOBaHHA, a TaKKE MOMKET 
NOCAy2#xUTb NOAe3HBIM NOCOOHeEM AAA CTYJeHTOB CTapwIMX Kyp- 
COB M aCnupaHTOB psa cneluaabHocTeh. 


B. A. Kapa6oaxos. 
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YacToTHblk MeTOL MOy4n. WHpOKOe MpakTHYeCKOe NpHMe- 
HeHHe MpH pacueTe CHCTeM aBTOMATHYeCKOrO peryAHPOBaHHA. 
Kak H3BeCTHO, 3TOT METOA B TeOpHiO pery.IHPOBaHHA BMepBble 
ppen A. B. Muxaftaos, KoToppia B 1936—1938 rr. paspa6o- 
Tal, HCNOb30BaB pe3yibTaTHl HafikBucTa, OCHOBLI YaCTOTHOTO 
MeTOJa aHaiH3a YCTOMYHBOCTH CHCTeM pery-IHpOBaHHA, H310- 
*0KCHHBIC HapAay C APYrMMH eFoO pe3ybTaTaMH B H3BeECTHOK | 
pa6ote [1]. 
| B ocHoBe 4acTOTHOTO MeTOJa Je%KHT MaTeMaTH4eCKHA anna- 
paT npeo6pasoBanni Jlannaca nu ypbe. B oOilem cayyae 
AMHeHHOM CHCTeMbI peryupoBaHHA NpeoOpasoBanue Jlanaaca X(s) 
A peryAupyemMom BeMYHHE! MOXKeT ObITh MpeACTaBAeHO B Bue 


H(s) 
T-RWo)” (1) 


roe uepes KW (s) oO6o3HaueHa TaK Ha3bIBaemMad NMepesaTounaa 
yHkuna CHCTeMbI B PasOMKHYTOM COCTosHHM, a 4epe3 H(s)— 
(byHKUMA KOMMeKCHOrO MepeMeHHOrO S, 3aBHCAWan B OOLIEM 
cayuae OT XapakTepHCTHK BO3TeACTBHA, OT Ha4aJbHbIX YCIOBHM 
MH MepewaTouHOH dyHKuuH OObeKTA pery1MpoBaHus (CM., HalpH- 
—mep, [2]). | 
YactoTHb MeTOM aHalu3a H CHHTe€3a CHCTeM aBTOMATHYe- 
CKOrO pery/IMPpOBaHHA OCHOBAH, BO-NepBbIX, Ha H3Y4eHHH CBOACTB 
3aBHCHMOCTH, CYyULecTByIOlWeh MpH OMNpeNeeHHEIX YCOBHAX 
Mey MOKasaTeAMH KayeCTBa HW BeULECTBCHHBIMH MYHKUHAMH, 
NOYUaIOULMMUCA W3 BbIpaxkenua (1) npH 3aMeHe B HeM S Ha Jw 
(9TH @YHKUAM Ha3blBaloTCA OOOOLICHHBIMH YaCTOTHEIMH XapaKk~- 
TCPHCTHKaMH), HM, BO-BTOPHIX, Ha HCMO/Ib3OBaHHH CBA3H MeKAY 
OG6OG6UIEHHBIMH UaCTOTHBIMH XapaKTePHCTHKaMH WH YaCTOTHbIMH 
XapakTCpuCTHKaMH pasOMKHYTOR CHCTeEMbI, ONPeAEIAIOUWUMK CC 
yCTOHUHBOCTh, 


X (s) = 
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CyulecrBenuble OcoGeHHOCTH YaCTOTHOrO MeTona 3aKmM0- 
yalOTCA B Ce YIoOusleM: 

a) OCHOBHBIMH HCXOJHBIMH JLaHHBIMH JIA Hero MOTYT CJly- 
XKUTb YaACTOTHBIC XapakTePHCTHKH, KOTOPbI€ MOMKHO ONpPeeUuTb 
SKCIEPHMCHTAbHbIM NyTeM, He 3Had AUPPepenUMaIbHLIX ypaB- 
HeHwH BCeH CHCTeMbI B WeIOM HH OTJICAbHEIX €@ 9eMeHTOB: 

6) OH yuHTHIBaeT cBOeOoOpasHe cucTem aBToMaTM4eCcKoro 
Pery/IMPOBaHHA, 3aKTOUaIOWeeCA B TOM, YTO HX aHaJM3 B pa30- 
MKHYTOM COCTOAHHH OObINHO Mpolle, 4EM B 3aMKHYTOM; 

B) OH NOSBOAAET NPOHSBOAHTb Now aHanH3 AMHAaMHKH 4, 
B UaCTHOCTH, aHa/IM3 YCTOMYMBOCTH, Ka¥eCTBAa M MepeXOHBIX 
MpOWeccoB, a TaKoKe pellaTb MHOFHe BOMPOChl CHHTe3a B CH- 
cTeMax 11000rO MOpAAKa, Kak OJHOKOHTYPHBIX, Tak H MHOFO- 
KOHTYPHBIX, COMep#KallyX HE TOJbKO COCpeAOTOUeHHbIe, HO H 
pacnpeeeHHble MapameTppl; 

r) OH yROOHO OOoOmaeTCA MAA pelleHua BONpocoB jAMHA- 
MHYECKOH TOYHOCTH WIM aHaH3a WM CHHTe3a CHCTeM pH Henpe- 
PEIBHO H3MCHAIOLUMXCA BOSMEHCTBUAX HW, TaKUM OOpPa30M, maeT 
BO3MOKHOCTb MPOBeCTH NOAHOe HCCACMOBaHHe CHCT@M ABTOMa- 
THYCCKOrFO PeryMpOBaHHA OT Haya/la MO KOHILAa;} 

€) OH B COBPeMCHHOM efO COCTOAHMM, CCAM UMETb B BULLY 
MNpHMeHeHHe AOrapHPMHYeECKUX XaPaKTEPHCTHK, OCHOBaH Ha HC- 
NO/Ib3OBaHHH CIeHHa/IbHbIX HOMOrpaMM, TaOJMl WH NOCTpoeHuh, 
yYCTpaHsIOUlHX HeEOOXOAMMOCTb FPOMO3AKAX BEINHCeHHH. 

B HacTosijee BpeMA YacTOTHIM MeTOR aHaMsa ycTomun- 
BOCTH H 4aCTOTHBIM METOR KauecTBa NpeAcTaBARIOT COOOIO eH- 
HbIH MeTOL. Hy kKHO, OHaKO, 34MCTHTb, TO BHAYae ABe CTOPOHbI 
BONpOCa — yCTOHYHBOCTb WH Ka¥eCTBO— paCCMaTPHBaJIMCb He- 
CKOJbKO B OTpbiBe Apyr oT Apyra. B pa6otax A. B. Muxati- 
OBA HCNOAb3OBaH MaTeMATHYeCKHH almapaT B Bue TeOpeMbI 
Kow H MpHHuuna apryMeHTa, cTaBalini vacTroTHtt KpuTepuh 
YCTOHYMBOCTH Ha MpOuHOe OCHOBAHHe, MPHYeM Jia NPHMeHeHHA 
NOCMEMHETO HCNOJMb3yYIOTCAH YaCTOTHbI€ XapaKTePHCTUKH pa3so- 
MKHYTOH cCHCTeMbI. B mepBbIX ke paOboTaxX No 4acTOTHOMY 
MeTOAY aHajH3a KayeCTBa CHCTeEM aBTOMATHY4eECKOrO pery.lMpo- 
BaHHA, HaOOOPOT, 3a OCHOBY OblIH MPMHATLI YaCTOTHbIC Xapak~- 
T€PHCTHKH 34MKHYTOH CHCTeEMbI WH HCMOJb30BaH MaTeMaTHYeCKHH 
annapaT, NO3BOJAIOLUMA OOOCHOBaTb 3TOT MeTON. UacToTHEft xe 
KPHTepHA yCTOMYMBOCTH, XOTA MH PeKOMeHAyeTcaA B 3THX pabo- 
Tax, HO HCCACJOBaHHe YCTOHYHBOCTH PaCCMaTPHBaeTCH KaK CaMO- 
CTOATCADHDIA QTall WH HHYerO HE FOBOPHTCA Q HaIMYHH CBASH 
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M@xKAY oO6ouMu 9T , 
anamMu — anany30 
M 
uae @HaH30M KayecrRa. YTOHNMBOCTH HM nocHe~ 
aah ep a iar B pasBuTHM YacToTHOrO MeTONMa 3aK 
aeons AONCHHH yKa3aHHOro Pa3sphiBa w B oTyeT] ne 
Tandab Toro O6cToRTenBcTRA WTO a shy 
de ae Xa pakTepuctukd Pa3sOMKHyTo# cucremns aie. 
© MaHHble Ana aHanusa He TOJbKO oe, 
HO H KayecTBa. ycTohunpocty, 
Takum \06pa30 
M ObI10 NoKa3aH 
O, 4TO NpenB 
JIH3 Kaye , PeABapuTesbuE ‘ 
CTB4 MOXKHO NpOMsBoOAUTE He TOJIbKO Sea tases 





CCH KE | NOCTpoen 
br OOBUHaR HAH 
| o6patuag 
sede aMILIHT - 
sides X@PaKTePHCTHKa WH ‘orapudpmuyeckne xa lee 
» HeoOxoqumble ana ananusa yctohunpoctTy one 
CB 
i im C paccMaTpHBaeMbIM BONPOCOM cilenyeT yonye 
OAHO O4eHb cyllectReHHOe OOCTOATeBCTBO Veta 


CHCTeM. 
: Re eas BbIOOpa MapaMeTpos SaKNOWACTCH B TOM yp 
mae ONCE WIH Me€HEE COKHEIX CucTeM Heerko ot 
NOCPeACTBEHHY1O CBA3b MexKIy MOKasaterqmMu kaneenns 
se See a cHcTembl. Ho ecan nam YHanocb yctanos ; 
aot aii CBOHCTBaAMH BelUlecTBeHHOH 4YaCTOTHOH xapaxrepn. 

aye€CTBOM, TO TEM CaMHIM 

| ClelaH war pg 
: nepe 
ears BbiOOpa NapaMeTpoB, Tak kak eet 

TpaMH CHCTeMbI HW BhIDAK 

| ( CHHEM LIA 
: p "aCTOTH 
ee Bcerla MOKeT ObITh NpencraBrena B ABHOM se 
ae ae a MapaMeTPOB emle 6boee ynpoulaetca, ecaH 

BA3b M@KLY CBOHCTBaMH fe 
€XOMHOTO 
H CBOMCTBaMH, CKax ‘ ee 
; ©M, aMIIMIUTYAHOH xapakre 
: 3aM H PHCTHKH pasom- 
ae CHCTEMbI, MOCKOJbKY 3aBHCHMOCTE noceqtHe# nae a 
gh 4aCTO' HM€eT OUCHb Mpoctoh sua. - 
oe ae be YKaSbIBaOCh BIE, OLHUM H3 OCHOBHBIX BOmpoO- 
| rO |M€TOMa pemenHna NpoOwembl KayectBa ABIACTCA 
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B. B, Coaodosxuxos 


xapakTepu- 
aHOBAeHHe CBASH MOKAY BbIOpaHHon sista Eerotiou 
an ofi KauecTBa H noKagaTeIAMH KayecTBa. ena 
ae e aHamu3a KayecTBa KOCBeHHOM xapakTepucTH POTTER 
ae C6obuLeHHbIe YaCTOTHBIC aes ena one caer 
Cl CTBa ’ 
HaMHuecKHe CBO 
K COOCTBeEHHBIe AM ufi. Uacto 
ae ae ACTUKH BOselicTBHA WH HauaJibHbir aaa ocTaTOuHO 
xapakT AR Seieitln yacTOTHBIX xapakTepHcTHK 4 ee 
sae eTb OJHY M3 COOCTBEHHDIX YaCTOTHBIX xapak ae 
ae TakoBoll B YaCTOTHOM MeTOAE O6BINHO C/Ly KH 
CHCTeMbI. w). 
cTBeHHad “acTOTHad XapakTepuCcTHKa aoe cBagaHa C mepe- 
BewjecTBeHHas YacTOTHas xapakTe pu ar aGaneHe 
annon bynkunel x(t) mpi eRHHHYHOM CTYNCHYAT 
Xx eM 
cTBMH W3BECTHBIM HHTErpa/ibHpiM aaa 


sin fo 


xQ=2 [Pw a (2) 
Q 


ugpecTeH MaT@MaTHKaM, HM HeKOTOPHIC 
aes a toni paccMaTpuBaloTca B TeOPHH PAAOB 
Fa ea Onnako mocTaHoBKa 3a/aun 06 aHasH3e stein 
oer wuTerpad OblJI ee Japenese aac 
TAMdas 
ee ce anon gnecb Obl MocTaBAeH BONpOoC 
ne 7M Kak, 3Had P(w), BBIYMCAHTb HHTerpal (2), a Kak, He 
ean sToro MHTerpada, mo CBORMCTBaM i ba 
cyAuTb © CBOMCTBaXx dbyHKuun x (f), xapakTepusy 
yuecTBa. 

ae cRolicTB MHTerpasa (2) 1a1 BO3MOXKHOCTH eluate 
rakyx CBA8b; OH MO3BOAM pOH3BOAUTb ee si 
olleHKy. KavecTBa MO BUY YaCTOTHDIX xapakTepuc es mis 
pewieHia 3aaun aHaJusa Hi BLIOHpaTh POopMy YaCTOT sia ba 
TEPUCTHK TAK, yTOOL! OOeCHeYMTh YAOBAETBOPEHHEe TPE Pia 
IpeAbABAAEMBIX K CHCTEME, B cayyae pelleHia 341a4H pases 

K uncay 9THX CBOACTB OTHOCATCA. COOTHOWMeHHA : y 
HauaibHbIM HM KOHCUHBIM 3HaueHHAMi nepexowHoh yHKUWH 
uaCTOTHDIX XAPaKTePHCTHK, MOCTATOUHbIe YyCAOBHA AA inte 
nepeperyAMpoBaHHl Ht Aaa MOHOTOHHOCTH, HeOOXOMUMEIE y 


———— 


1) Croeo6pasne NOCTaHOBKH Mpo6jeMbl KayecTBa, sierra una: 
OcHOBY KaK WacTOTHOTO, TaK HM BCeX APYFux MeTOROB PeLle 
NpoGAeMbl, ye “OTMEYATOCH. 
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1d MOHOTOHHOCTH, CBA3b MCKAY MapaMeTpaMH YaCTOTHHX Xapak- 
TEPHCTHK |W NMOKasaTeAAMH KA4eCTBA JA THMOBLIX BellleCTBeH- 
-HBIX.4aCTOTHBIX XapaKTepHCTHK (HaNpuMep, TPanewOuAaAbHHIX), 
OWeHKa HWKHeETO Npesena Jd BpeMeHH NepexogHOrO Npowecca 
NO HHTe€pRaly NOAOMKUTEABHOCTH, OWCHKA MOFpenvIHOCTH B OMpe- 
ReeHHH MepeXOJHOrO Mpowllecca B 3aBHCHMOCTH OT NOrpellHOCTH 
B ONpeNeACHHH YaACTOTHHIX XapaKTePHCTHK H T. J. 

 Hecmofpa Ha TO, 4TO HaftqeHHBIX COOTHOWeHHH He TAK 
MHOTO, OHH BC€ 2Ke al0T BO3MOXKHOCTb COCTABHTb OPHeHTHPO- 
BOUHOe NpeACTaBeHve O MOKa3saTemAX KayeCTBa MW XapaKkTepe 
NpoTekaHuA MepexoaHOrO mpowecca HeNOCpeACTBeHHO NO BHAY 
YaCTOTHBIX XaPaKTePHCTHK, O6€3 BCAHKHX MONOAHUTeCABHNX BHIUH- 
CleHHH MW MOCTpoeHHf, KpoMe TeX, KOTOPHe HeOOXOAMMH AAA 
NOCTpoOeHHA CaMHX XapaKTePUCTHK. 

Lilupokoe MpvMeHeHHe, BHXOAAULee 34 PaMKH TeOpHH pery- 
AMPOBaHHA, MOAY4HA YaACTOTHBIA MeETOA MOCTPOeHHA NepexORHHX 
MmpoweccosB, OOYHO Ha3biBaeMHf METONOM TpanelOvAaNbHbIX 
YaCTOTHHX XapaKTepHCTHK. 

HanOonee yno6uoh uw cosppemenHoh dopmof yacToTHoro 
MeTONa ABIACTCA METOA AOTapHdMMyeCcKHX XapakTepuCcTHK; 
He€PBOHAYaIbHyIO 2%ke (OpMy YaCTOTHOTO MeTONa, CBA3aHHyIO” 
C NOCTPOGHHEM AMMAMTYAHO-as0BhX XapaKTePHCTHK, Ha Halll 
B3rAA, MOXHO C4HTaTb yKe HECKOAbKO yCTapesBuet. 

OcHoBHble MpenMyllecTBa MeTORA ROAD A MHNEE KIX xapak- 
TEPMCTHK 3aKMOUAIOTCA B CJIEZYIOULEM: 

a) OH YCTpaHAeT HEOOXOMMMOCTb NOTH BCeX pacueTOB; 

6) OH JaeT ennHOOOpasHyio MeTOAHKY aHain3a yCTOMYHBOCTH 
MHOFOKOHTYPHEIX CHCTeM; 

B) JOrapHqMMyeckHe XapaKTePHCTHKH ABAAIOTCH BeCbMa 
HarAAHHM CpeACTBOM HCCeCOBaHHA,- NOSBOAIOWMM CYAUTb nO 
HX BUHAY O TOM, KaKWe MapaMeTPbl CHCTeMH] HaHOosee cyule- 
CTBEHHW JIA YCTOMYMBOCTH H AA KayecTBa, Ala .KoOaddpuuneH- 
TOB OWHOOK HW OWHOKH NP CHHYCOHRAIbHOM BXOAHOM CHrHase; 

r) 1orapudMnyeckKne XapakTePHCTHKH O4eHb YAOOHH AAA ONpe- 
eeHHA TOFO, KaKHe H3 MapaMeTPOB CHCTeMBI MOXKHO CUHTATb Ma- 
bIMM HE TO/JbKO C TOUKH 3PeHHA YCTOMYHBOCTH, HO WH Ka4ecTBa; 

I) B Cfly¥ae OAHOKOHTYPHBIX CHCTeEM aCHMNTOTHYeCKaA s0Fra- 
Pu@MuueCKan AaMNAMTYAHaA XapaKTepuCTHKa AaeT NomHOe Nped- 
CTaBJeHHe HE TOJbKO 06 yCTOMYHBOCTH M KayecTBe, HO HO TeX 
THNOBHIX SBeHbAX, KOTOPbie BXOAAT B COCTAB CHCTeMBI, T. e. 
O ee CTpyKType; | 
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e) morapHdMuyeckue XapakTepHCTHKH OUeHb yAOOHE AA 
CHHT€3a KOPPeKTHPYIOWNHX YCTPOHcTs; 

*) HaKOHeL, MeTOA sOrapHdMMyeCKHX XapakTepucTHK; no 
KpahHe Mepe B Cayyae MHHHM4/bHO-(pasOBbIX CHCTeM, MO3BO- 
JfeT B MpWHILHNe CBeCTH aHaJIH3 K HCCJeNOBAHHIO CBOMCTB 
BeLWeCcTBeHHOK MyHkKunH L(w) BellleCTBeHHOrTO MepeMeHHOrO w, 
ycTpanad HeOOXOAUMOCTh NOCTpoeHuA roxOrpados. | 

Meto. aorapHdmMuyecKuX UacTOTHBIX XapakTepHCcTHK 
yxe WMPOKO HCNOb3yeTCA Ha NpaKTHKe. Oech MbI JAMILb 
BKpaTueé §$OCTaHOBHMCH Ha cnocoOe MpyMeHeHHA 93TOTO 
BHJOH3MeHeCHHA YAaCTOTHOTO MeTOMa K CHHTe3y KOppeKTUpyl- 
WHX YCTPOHCTB. 

Gamaya CHHTe3a KOPpeKTUPYIOWIUX YCTPOMCTB MOXKeT ObITb 
cpopmyMpoBana CilenyloOuluM OOpa3som. Samana cTpykTypHas 
CX€M4 CHCTeEMbI aBTOMATHYeCKOFO peryMpoBaHHA, COcToALlan 
H3 9JIEMCHTOB C H3BeCTHBIMH MepeATOUHBIMH (YHKUMAMH HW M3 
S/JIEMCHTOB C HeEH3BECTHBIMM MepeaTOWbIMA yHKWMAMU. Tpe- 
OyeTcd HaHTH HeH3BeCTHHIe NepedaTounble (yHKWMH KOppeKTH- 
pyloulMxX ycTpolicTB MH cmocoO UX pealM3saluH B BHAe CxeM 
TaK, TOOK OOeCNHeYHTh yAOBNeTBOpeHHe 3a0aHHbIX ycuoBHl 
KayecTBa MpH MpocTeHieM BO3MO2KHOM BHe HCKOMBIX Te- 
pemaTounblx dyHkunh. Tlepenatounaa dyuHkKuua CuuTaeTCA Tem 
Oomee MpocToh, 4wem HWKe MOPANOK ee YHCAHTeAA MH 3HAaMe- 
HaTeJa. 

Pemand 3anauy CHHTe3a KOPpeKTHPYIOWLUX YCTPOHCTB, OG6BIYHO 
CleHylOT TaKOMY NOPAAKY OnepalHi: 

a) ONpewemAOTCA, ECM 9TO BOSMOXKHO, ONTHMAAbHbIe, T. e. 
COBMECTHMbIe C NPHHATHIMH OFPaHHyeHHAMM YCAOBHA MpoTeKaHHA 
nepexowHoro nmpowecca; 

6) HaxOJATCA JOrapudpMMyuecKHe XapaKTCPHCTHKH, COOTBeT- 
CTBYIOWH€ STHM ONTHM4/IbHbIM yCOBHAM; 

B) CTPOHTCAH MKenaeMble JOrapHpMHYeCKHe XapakTepHcTUKH, 
NpeAcTaBAioulwe COOOM pasyMHbIM KOMMPOMHCC MexKAY CTpemie- 
HHeM NpHOAM3HTbCA K YCJOBHAM ONTHM@IbHOCTH HW CTpeM.1eHHeM 
NOJYYUTb TEXHHYECKH BO3MOXKHO OoOvlee MpocToe pellenve 3aaun, 
yUHTbIBalollice CBOMCTBa OObeKTA HW He Hapywaloulee AOMYCTHMBIX 
OTKJOHCHHA OT YCAOBHH ONTHMaIbHOCTH; 

r) MO HaAeHHbIM >KeaeMbIM J1OrapH@MMYeCKHM XapakTe- 
PHCTHKaAM WH AOTapH*MHYeCKHM XapaKTePHCTHKaM HeEH3MeHAeMOH 
YaCTH HaXOAATCA AOrapHMHyeCKHe XapaKTePHCTHKH KOPpeKTH- 
Py!OUlMx yCTpoticTs; | 
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A) pewlaeTca 3aa4a anpoKcuMalun, T. e. HaxonaTca mepe- 
RaTOUHble PYHKUMH KOPpeKTUPYIOWMX YcTpolicTB no HaltReHHBIM 
Ad HHX YaCTOTHBIM XapakTepHCTHKaM; 

e) peulaeTca 3anaua peanusaunu NOAY4eHHbIX NMepeaTOUHbIXx 
(byHKWHA Mp MOMOULM TeX MAH WHBIX TeXHHUeCKHX CpeAcTB 
(OcoOeHHO: xOpouIO paspaboTaHa MeTOgKa peleHHaA 3a2a4K 
PeawM3alMH MPH MNOMOUH MaCCHBHBIX 9/IEKTPHYeCKUX KOHTYPoOB). 

IoaBonaA MTOrH NpuBeAeHHOA BHILe KpaTKot XapaKTepuCcTuKe 
WaCTOTHOTO Me€TONa, MOMKHO YTBEpKaTb, 4TO STOT MeTOL, 
OCHOBaHHBIN Ha HarAAHBIX MU3HYeECKHX NpeACTAaBAeHHAX H nO- 
SBONAIOWMA B KaYeCTBe HCXOAHBIX JaHHbIX MOAb30BaTbCA He 
TOADKO ANPPePeHUMaAbHBIMH YPaBHeHHAMH, HO H 9KCIIEPHMeH- 
TaJbHO NOWYYCHHBIMH YaCTOTHBIMH XapaKTepuCTHKaMH, ABAeTCA 
B HaCTOALWICe BPeCMA OCHOBHBIM CDeACTBOM aHaJIM3a H CHHTe3a 
CAOMKHBIX OLHOKOHTYPHBIX H MHOTOKOHTYPHBIX CHCTeM aBTOMaTH- 
HeCKOrO PeryIMPOBaHHA, OMHCHIBAeMbIX JIHHEHHEIMA ypaBHeHHAMH 
mo6oro mopaaka W COMepxKallux He TOAbKO COCpeOTOUEHHHI, 
HO HW pacnpeeweHHble NMapamMeTph. 

YacTOTHBIA MeTOA MaeT eMHyIO OOULYyIO Me€TOAHKy pelleHHa 
BC€X OCHOBHBIX 34a4 TEOPHH aBTOMATHYECKOTO peryaAMpOBaHua, 
a4 MMCHHO: NOJyueHHA MCXOAHBIX JaHHbIX, aHasM3a ycTohun- 
BOCTH, aHaJIM3a KaueCTBa, MOCTpOeHHA NepeXOAHbIX Mpoueccos, 
BbIOopa NapaMeTPOB H pellleHuA BOMpOCa O ManOCTH NapaMeTpos, 
CHHT€3a KOPpeKTHPYWOWUX YCTpPOHCTB, aHanH3a AMHaMNyecKott 
TOYHOCTH H CHHTe€34 ONTHMAAbHBIX CHCTeM. 

Yactorupifi MeTOA yoGen He TOKO B TeCOPHH HeMpeppbiB- 
HOrO, HO HB TCOpH MMMy bCHOrO, NpepHBMCTOrO peryAMpoBanna. 

Heo6xQAuMo OTMETHTb, YTO “ACTOTHLIH MeTON 3a NMOCAenHee 
BP€MA CTA MpPHMeCHATbCA AAA aHaW3a HE TOJbKO JAMHeHHBIX 
CHCTeM, HO M CHCT€M C HeJIMHeMHBIMM WH MepeMeHHbIMH Mapa- 
MeTpaMH. Tak, HanpuMep, CoueTaHwe “acTOTHEIX npezcTaBrenntt 
C M€TOROM rapMOHHYeCcKOoro OanaHca mMmpuBeno K paspa6oTKe 
MpakTH4eCKH YyAOOHOrO NpvOAWKeHHOTO MeTONa aHaM3a aBTO- 
KoNeOaHHh. [3], HeqaBHO pa3spa6oTaHbl OCHOBHbIe mono%KeHNA 
WaCTOTHOrO ME€TOMA TOYHOTO aHaiM3a penetnblx cuctem [4], 
MOKa3aHa BO3MOXKHOCTb MPHMeCHeHHA YACTOTHOTO MeTORAa K aHa- 
AM3y CHCT€M C Me€peMeHHbIMH NapaMeTpaMH Ha OCHOBe TeopeMbl 
O cBepTKe [95]. 

IlosTOMy yTBepxXzeHHa, KOTOpLlIe NOpof mpHxomuTcA cabI- 
WaTb, YTO YACTOTHBIM MeTOA NOMeESEH JHWb AA peleHua AMHeH- 
HbIX 3aJ\au, KOHCYHO, HE COOTBETCTBYIOT HCTHHEe. 


2 Bax. 2356, 
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Mepspie padoTsl, mocesileHHble paspa6oTKe YacTOTHOrO 
MeTOMa HCCeOBaHHA AMHAaMHKH HM pacueTa CHCT€M aBTOMATH- 
ueCKOrO peryMpOBaHHA, MpHHalexKaT COBETCKHM YUECHDIM. im 
*Ke TPHHANMeKaT MHOTHE CYLeCTBEHHBIC PesybTAaTH, NOAYYCH- 
HHe B 9TOM O6acTH. OAHaKO 9TOT METOA NOy4nA 3a Nocswed- 
Hue TOL CyWeCTBeHHOe pasBUTHe 3a pyOexKoM. HacTosumit 
cOopHuK JaeT 06 STOM OCTATOYHO XOpoMee MpeAcTaBAeHHe. 


B. B. Coaodosruxos. 
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1, H3OBPAYKEHHE 4YACTOTHbIX XAPAKTEPHCTHK, 
CTAHJAPTbI H PACYETHbIE KPHTEPHH 1) 


P. Oasden6ypeep 


Baenenne 


Sanaueft KomuteTa 2uHaMM4yecKuX CHCTeM, Cco3qaHHoro npu 
AMe€PHKaHCKOM O6UleCTBe HH)KeEHePOB-MeXaHHKOB (ASME) 
B HOAOpe 1951 r., aBnaetca paspa6oTKa cTaHmapTos Waa npen- 
CTABJCHHA, YACTOTHBIX MaHHbIxX. Heo6OxOHMOCTb B TaKHX CTAaH- 
MaptTax CTajla OYeBHOHOM BBULY WAPOKOFO MpHMeHeHUA YacTOT- 
HBIX MCTOQOB AAA pacueTa CHCTeM aBTOMAaTHYeCKOrO peryaupo- 
BaHuaA. W3-38 pasnM4yHOrO MpemcTaBAeHHA OHUX UM TeX xe 
CBeMeHHH, KaCalOlluxca 4aCTOTHBIX XapaKTePHCTHK, 4aCTO BO3- 
HHKalOT HeOpa3syMeHHa. OHM CTpOAT aMMAMTYAHEIe XapakTe- 
PHCTHKH B BHC 3aBMCHMOCTH OTHOUICHAA aMIAMTYA OT 4aCTOTHT, 
Apyrve — B BAM 3aBMCMMOCTH AOrapHdMa OTHOWECHHA aMNAMTY A 
OT 10rapuHdma uacToTHl. Mexkay TeM, OHOTO Barada Ha 4a- 
CTOTHBIC XAPaKTePUHCTHKH S9/IEMEHTA CH3H4eCKOM CHCTeMBI NoOpoti 
ObiBaeT MOCTATOYHO, TOG! CAeNaTb BaKHbIC 3aKNIONeHHA O 
AMHAMMYECKHX CBOMCTBAX 3/IEMeHTa, Mp yCOBHH, 4TO MCNOAb- 
syeTCA MpMBbIuHad CHCcTeMa KOOpAuHaT. TlostoMy aa aerkoro 
UTeCHHA XapaKTePHCTHK BeCbMa 2KeNATebHO, TOOL OHH 
CTPOHAMCh B CTaHAapTHbIX KOOPAMHAaTaxX. OTH WM Apyrue co- 
oOpaxkeHus , mpuBeaw kK cosmanui Komuteta munamMMyecKnx 
CHCTEM, KOTOpbIH MOcae M3yueHHa BCeX MMENOLMXCA mMpen- 
NOKeHHH BEIHEC CBOM PeKOMeHalMn, nmyOauKyeMble B HacTos- 
Ue CTaTbe. 

“ToObt OOeruHTh NOHMMaHHe peKkomMeHnauui Komureta u 
CHOCOSCTBOBATb MIPHMCHeHMIO YaCTOTHBIX MeTOMOB AAA pacueta 
CHCTCM PeryAHpOBaHHA, B HACTOMUMeH CTaTbe paCCMaTpHBalOTCA 
HEKOTOPLIC OCHOBHBIC BONMpOChl HM MaloTCA . MpaBua pacueta, 
NOSBOJAIOULMe HH KeHepy Ges cnelHatbHO MaTeMaTHUeCcKOH non- 
rOTOBKH MpHCTYNHTb K HayYYHOMy pacueTy CHCTeM aBTOMaTHUe- 
CKOrO peryAMpOBaHHa. BowbWwMHCTBO mMpeAmaraemblx pacueTHHXx 





1) Oldenburger R, 7rans. ASME, 76, Ne 8, 1155—1169 (1954), 
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KpHTepveB B pasHoe BpeMA yrKe OBO onyOAHKOBaHO B JIMTe- 
patype 0 TeOpHH aBTOMaTHYeCKOrO peryAMpOBaHHA. OcHosBHaa 
eb NaHHOM CTaTbH COCTOUT B TOM, YTOOM! AaTb cmeuManMcTaM 
HekOTOpOe MpemcTaBeHHe O HAaYYHBIX M€TOMaX pacueTa CHCTEM 
ABTOMATHYeCKOTO peryAHpOBaHna. 


PekoMeHauHH OTHOCHTeEAbHO aMMMTYAHOH U asz0Bon 
XapakTepHcTHK 


PaccMoTpHM @bu3uyecKyio cucTemy, CXeMaTH4eCKH H300pa- 
*KeHHyIO Ha dur. 1, C CHrHanOM Ha BxXOMe Mm HM BBIXOAHBIM 









Boixod 





Bxod m 





Cucmema 


®ur. 1. Baok-cxema @u3sHyecKOH CHCTEMbI C BXO- 
OM ™ WM BBIXOJOM C. 


CurHasom c. BxOHOM CHrHad m ABAAeTCH NMepeMeHHONM BeAM4K~ 
HOM, KOTOpaA yNpaBlaeT BeAHYHHOH C Ha BbIxXOle. IIpumMepom 
MOXKeT C/JYKUTb JBHraTeAb BHYTPpeHHerO CropaHHs, B KOTO- 
POM ApoOccembHad 3aCMOHKA yMpaBAAeT YHMCIOM OOOPOTOB ABH- 
rates. 3a MepeMeHHY!O ™ MOXKHO MPHHATh MOMOKCHHE 3aCOHKH 
(cm), 43a NepeMeHHy!0 C——CKOPOCTb BpalleHHa Balla ABHTa- 
Tea (06/MHH). O6bi4HO BXOM M BbIXOL H3MEPAIOTCA Kak OTKIO~ 
HeHHA OT yCTAHOBMBINAXCA 3Ha4eHHh. 

Ecau BXOHOM CHrHaa HM3MeHAeTCA CO BpeMCHeM CHHYCO- 
ulaibHo, Tt. e. m= Asinwt (A—ammautyaa, © — 4acToTa), 
TO BLIXOA Oy eT H3MCHATLCA Take MO CHHYCOMMAIbHOMY 3aKOHY, 
eciW CucTeMa AHHefHa. OnbiT W TeOpHA MOKA3blBalOT, UTO BCer Aa 
KEMATeAbHO MPH M3YYeHHH CHCTeMBI CUHTATb ee AMHeMHONM, CCAM 
He 20Ka3aHO OOpaTHoe. 

Beanunna w == 2rnf, rae f—uactota komeOanua. [a ycta- 
HOBMBIIMXCa KONeOaHHM BEIXOA MHeEMHOM CHCTeMbI Oy eT HMCTb 
pun Bsin(wt+-¢) (B—amnautyna, ¢—asosnif yroa). na 
muHeftuoli CHCTeMBI MpH WaHHOM uacTtote f BennunHa B mponop- 
WHOHAIbHa amnautyne Bxonqa A. UactHoe B/A aBaaeTCA OTHO- 
INGHHEM AMIVIUTYAbl BLIXOMa K aMMAMTye Bxoda. 

Ha our. 2 npeactaBiena aMIMIMTy.Had YaCTOTHad XapakTe- 
PHCTUKA ABHaTeAA BHYTPeHHErO CropanHa Ag Caydad Harpy3kH 
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C MaJbIM eMMupoBannem. BeanwunHa c BbIpakeHa B CAHHHWAX 
100 06/MuH, a2 BXOL m—BbB CaHTHMeTpaXx. 

iu UWTateab, SHAaKOMBIM C 4aCTOTHBIM MeTOOM, pacmosHaeT 
B KpuBot ‘Ha bur. 2 xapaKTepHCTMKyY OAHOeCMKOCTHOM CHCTeMBL. 
Bocnpon3s04a aHHble, MpeAcTaBaeHHble Ha dur. 2, B AOra- 
puHcdMHyecKOM MacuITaOe, Mbl MOYYHM KPHByW, H30°parxKeHHy!0 
Ha ur. 3 1), SaMeTHM, TO 9TY KPHBY!O MOXKHO NpHOAWKEHHO 
S4MCHHTb .ABYMA OTpe3KaMH MpAMBIX——ACHMNTOT, KaK 9TO 
noKkasaHO NyHKTHpoM Ha dur. 3. JloMaHad AHHMA, NOAyYaemMaA 
NpH MOMOWLH T&aKHX MPAMBIX, HA3HBaeTCA aACHMIMTOTHYECKOH 


Omnourexue amnaumyd 





Ee 


acmomo, 2y : 
Yacmomn 2y 


®ur. 2. Amnautyguaa uactot- . Pur. 3. JlorapnpmMuyeckas aMnn- 
Haa :XapaKTepHcTHKa ABHraTeAA  TYAHAA YAaCTOTHAA XapaKTePHCTHKa 
| Wusena. ae tesee. o- upurateaa Jlu3eaa, 


aMIIATYQHOM XapakTepHcTHKOH mBuratens. TlockoabKy «ora- 
PHMEI REACTBHTCABHEIX YHCeA MPH HEKOTOPOM OCHOBaHHH Mmpo- 
NOPUHOHAAbHEI OrapHpMaM STHX 4HCe Np APyrOM OCHOBAaHHH, 
MOKHO Mp NOCTPOeHHH B AOrapHdMMYeCKHX KOOPAMHATAaX BH- 
OupaTb NPOH3SBOAbHOe OCHOBAHHE OrapHdMos. 

TIpexmom0xKuM, 4YTO H3MEPHAeTCA CKOPOCTbh ABHraTeAA H YTO 
pa3sHOCTh M@xKAy H3MepseMOH MW YCTAHOBACHHOM BesMYHHOK CKO- 
POCTH, KOTOPYylO 2KeaTebHO NODAePXKUBATb NOCTOAHHOHM, NpH- 
BOLMT B WeHCTBHe perylATOp, MeHAIOWMA MOAOKeHHE ApOccesb- 
HOM 3aCAOHKH. MoxkHO pacCMaTpHBaTb 9TY Pa3HOCTb KaK BXOL 
peryaaTopa, a MOWO%KeHHe 3aCIOHKH—kKak ero BHXO.. Ecau 
BXO H3MCHACTCA NO CHHYCOHAAIbHOMY 3aKOHY, TO BHIXOA TakxKe 


ey 


1) Taxye KPHBLIC YacTo Ha3bIBanT K DHBBIMH Bowe, 
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6yheT CHHYCOMMaAbHBIM (B MpeANOTO%KeHHMH, TO CuCTeMa AN- 
Hefina). XapakTePHCTHKA THMOBOTO perynTOpa aeTca Ha cur. 4, 
Ee MOXKHO TaKKE aMPpOKCHMUPOBaTb aCHMNTOTHYeCKOH XapaKTe- 
pucTHKOH, MOKasaHHOH MyHKTHpOM Ha cur. 4 uM cocTaBaAeHHOn 








Omuouienue amnaumyd 





0.0} 
Yacmoma, ely 


Pur. 4. JlorapupmMuyeckad aMMAUTyA- 
Had YaCTOTHaA XapaKTePpHCTHKa pery- 
AATOpa AeuraTesA. 


H3 2BYX MpsMONMHEHHEIX ACHMNTOT HW ABYX NPOMeKYTOYHHIX 
NpAMOJMHeEHHBIX oTpe3sKoB. Jia mocTpoeHuaA 9TOHM aCHMITOTH- 
ueCcKOH XapakTepHCTHKH MpakTHyecKH HeEOOXOMMMO HMCTb aHa- 


e Aaweamen | aes 


Pur. 5. Pas3omKuyTas cucTeMa peryaaTop — ABHraTeib. 


AMTHUeCKOe BbIPAKeHHe ,MepenaTouNoh dynKunn*. Ecam cne- 
UHaHCT He 3HAKOM C 3THMH (PyHKUMAMH, eMY, BepOsATHO, IIpH- 
MeTCA WMETb MeO C TOTOBLIMH XapakTePHCTHKaMH. 
IIpennoioKHM Tenepb, YTO peryisTOp coeAMHeEN C ABura- 
TeeM HM CHCT€Ma PpasOMKHYyTa, KaK MOKa3saHo Ha ur. 5. Sec 
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> 


SICMCHT H3MePeHHA CKOPOCTH ABUFAaTeAA NpeAMOaraetca OTKIIO- 
YeHHBIM OT, BXOMa peryaaTopa. Ecam Bxognoh curnaa e (pery- 
iMpytoulad MepeMeHHad) peryAATOpa U3MeHAeETCA CHHYCOMLAAbHO, 
TO BbIXO ¢ (peryaupyeMaa nNepeMeHHas) ABUraTeaA, a HMeHHO 
CKOPOCTb ABMTaTed (OTCUMTEIBACMAA OT YCTAaHOBUBUIerOcs 3Ha- 
YeHUA CKOPOCTH), MpakTHUeCKM Oy eT H3MCHATLCH TOKE CuHyCo- 
WaibHO. MoxkHO oka3aTb, YTO aMMaAMTyHad XapaKkTepucTuKa 
CUCTeMbI, COCTOMMel M3 peryAATOpa M ABUraTeaa, Noyyaerca 
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Yocmoma, zy Yacmoma, ey 


Pur. 6. Jlorapupmuyeckan am- ur. 7, Jlorapnpmnyeckan (tpa3o- 

MAHTYHHaA YaCTOTHaA XapaKTe- Baa WaACTOTHAA XapaKTepHCTUKa ABH- 

PHCTHKAa Pa3OMKHYTOM CHCTeMbI rateaa Jlu3easn. 
peryaaTOp — ABuraTeab. 


NyTeM MPOCTOrO CAOMKeCHHA OPAMHAT AMMANTYAHLIX XapakTepu- 
CTHK, MOCTPOCHHBIX B NOrapHdMMyeCKHX KOOPAMHaTaX. TakuM 
OOpasom, €C/H MbI CaO%KMM BeKTopp: Au B ua cur. 3 nu 4 
npu yactote 0,03 24, To noayyum sextop A+B ua cur. 6, 
rhe MpeAcTaBseHa aMMVIMTYAHad XapakTepucTHKa pasOMKHyTOH 
CHCTEMBI peryisTop — ABuraTeab. YAOOHO NpHHATb ropu3o0H- 
TaNbHY!O JMHMIO C HHAeKCOM 1 3a OCb aOcuMcc, Tak Kak s10ra- 
pupM eAMMUb! ectb Hyab. Bexropp A, B wu A+B orcuntu- 
BaloTCA OT STON OCH. 

“TOOb! TIPHMeHATh METOM CO%KeHUT OPAMHaT, HEOOXOZUMO 
BBIXOR peryAiTopa HW BXOA OSbeKTa peryaupoBanna (peryau- 
pyemMad CucTeMa) W3MepATb B OMHHX MH TeX *Ke eMHNWAX. 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


26 P. Oaoden6ype2ep 





B HaleM Cayyae B OMHHX HW TeX Ke CAMHWWLAX MOJDKHBI H3Me- 
PATbCA BXOM peryaTopa € WM BHIXOA OObEKTA PeryMPOBAHHA C. 

Ecu COOTBeETCTBYIOULHe OPAMHaTbl ACHMMTOTHYECKHX XapaK- 
TepHCcTHK Ha dur. 3 wu 4 CkaaqblBaloTcA, TO Ha dur. 6 
noayyaeTca OM@HaA AMHMA. OTO ACHMNTOTHYECKAA aMIIMTY AHA 
XapaKTePHCTHKA PasOMKHYTOM CHCTeMbI perynTOp — ABuraTeb. 
MooKHO BHeTb, YTO pe3yAbTHPytOllad JIOMaHaA JIMHAA M410 
OTIMYaeTCH OT TOUHOH KPHBOH. 

Tipw yBeAWYeHHH OTHOWICHHA aMILIWTy CHCTeMbI peryja- 
TOp — ABuraTeb B K pas rosopsxT 00 ,yBeMYeHHH yCHJeHHA" 
Bp K pas. B nanHof cTaTbe Mbi He OyeT paccMaTpHBaTb OMpe- 
jemeHve TepMuHa ,ycusaeHne* [5]. 

Tlosnimenve Kos@uuwenta ycusenua !) CHCTeMbI perysTOp— 
IBHraTeb COOTBETCTBYeT MpOCTOMY CABHry aMIIUTyAHOK Xa- 
paxtepucTtuKu Ha dur. 6 BBepx. KosddpuuneTt ycuaenna 
B (pH3HyecKuX CHCTeMax O6bINHO serKO peryaupyetca. IIpu 
NpHMeHeHHH OrapHdMuyecKoro MacuiTaGa MOUTH BCera MODKHO 
NpHOAWKeEHHO 34MCHHTb AMNAATYAHY!O XApaKTePHCTHKY aCHMMTO- 
THYecKOM wOoMaHOH ammHHef. Ucxona u3 9THX paccmMoTpeHHh 
KomMuTeTOM JHHaMHYeCKHX CHCTeEM MaeTCA CHeLyIOWWAad PeCKOMEH- 
Wala: 

Pexomendauun 1. Pexomendyemca cmpoums amnaumyo- 
Hole xapakmepucmuku 6 AOzapudmuxrecKkux KoopduKamax, 
npurem no BepmukandHok oOcu OMKAACLLBAaMb’ OMHOWeHUE 
amMnAUumyO, &@ NO 20puz0nHmaAbHOH OCU—4acmomy 6 zephax. 

STo cBasaHo Cc TeM, 4TO OObINHO reHepaTOPbl CHHYCOHaJb- 
HLIX KOme6aHH MMeIOT rpadyHpoBKy B repiwax H NoTpeboBa- 
Mcb Obl JOMOAHHTeAbHbIe pacueThl AA BbIYHCAeHHA yraoBoOh 
yaCTOTH! © B pawuaHax B CeKyHy. 

Myctb R ecTb oTHOWeHHe aMMANTy1. HanoMHHM, YTO OTHO- 
weHve aMMuTy, B Mewn6enax ectb 20lgR. McnonbsoBanne 
NOrapH@MHYeCKOH WKaNbl AA OTHOMICHHA AMMAMTYA HCKMONaeT 
HeEOOXOAMMOCTh MepeBoa 3HaveHHH OTHOWCHHA aMNMNTYA B e- 
Un6eb H, CJ@MOBATeCAbHO, SKOHOMHT BPeMA Mpu NOCTPOeCHHH 
KPMBbIX MO 9KCI€PHMEHTAJbHbIM DaHHbIM. 

Tina npuratena Jlusena cbasoBad XapakTepHMCTHKa NOKa3aHa 
Ha dur. 7 c sorapndmnyecKOM wWkKano Ana YaCcTOTh! M AMHeH- 
HOM wkKan0h naa cdaspt. Kak BHAHO M3 rpaduka, BbIXOL OTCTAeT 





1) B Hawei autepatype Oomee pacnpocTpaHeH TepMHH ,Mepeda- 
TOWHLIH KOIppuuuent*, — [Ipum. ped. 
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OT Bxona. Peryaatop ABuraTelA MMeeT GaszoByl0 XapakTepu- 
CTHKy, NOKa3saHHylo Ha dur. 8. Kpuspaa cHayana usruOaetca 
BBepX, 4 9aTeM ACHMNTOTHYeCKH NMpHOmMKaeTCA K mpsaMof —180°. 

@a30Bblh yroa pa3s0MKHyTOH CHCTeMbI peryaATOp — ABura- 
Telb mpH'uactoTe f NoayyaeTCA CyMMHpOBaHHeM (a3s0BHX yroB 
OTNEAbHEIK COCTABIAIOWHX MpH TOH x%Xe YacTOoTe. CymMupya 
Bektoph) E u F ua our. 8 u 7, r 
nonyuaiot sBektop E-+-F ua 
cur. 9, Ha KOTOpOH n306paxena 








sbasopan XapaKTepucTuKka BCeH 
CHCT€MbHI pery/IHPOBaHHA CKO- § -90 
pocTH ABHraTeJaA. s 
| 5. 
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, Yacmonia , zy 
Pur. 8. Jlorapudpmuyeckan ¢pa- Pur. 9. Jlorapupmuyeckan da- 
30BaA “YaCTOTHaA XapakTepuctu- 30BaH “aCTOTHaA XapakTepucTu- 
Ka peryaaTopa. Ka Pa3OMKHYTOM CHCTeMBI pery- 


AATOP — ABHrAaTedb. 


IIpHMeveHve AMHEMHOM LIKaAbI B rpadycax Aaa yraoB a3o- 
BOrO CABHTa MeKAy BXOAOM HW BEIXONOM du3M4ecKoH CHCTeMBI 
o6uenpuHato. IlostTomy mp nocrpoenuu dasoByx Xapakte- 
puCTHK peKomeHAyetca cnenyloulee: 

Pexomenodayun 2. Pexomenoyemcn ghasy 8 zpadycax 
OMKAAObbAMS NO BepmuKaAbHOL OCU & AUHEHHOM Macumace, 
a 4acmomy 8 zep4ax-—no 20pu3z0nmarbHod ocu 6 nzozapug- 
MULECKOM MacuUma6be. 

CormacHo pekoMennaunam 1 u 2, aaa “acTOTH Ha aMnau- 
TYQHOM H dasoBoh xXapakTepHcTHkKax yAOGHO HCNOAb30BaTE 
OHH H Té Ke CMHHILB. 

AMNAMTY2Haa WH chaz0Bad XaPaKTePMCTHKH MOAHOCTHIO Xapak- 
TepH3yloT, CHCTeMy. VAX MOXHO HUCMOAb3OBaTb A BEIBORA 
AupepeniwatbHyX ypaBHeHHA dusnyeckoN CHCTeMBI, Aa ycTa- 
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HOBJICHHA CPaKTOPOB, BbISLIBAIOWHX PaCXO*KMeHHe TeOPeTHYeCKHX 
M 9KCICPHMECHTAJIbHbIX Pe3yIbTAaTCB, HM JIA pacueTa CHCTeM 
ABTOMATHUeCKOrO pery/MpOBaHHA. 


PacueTHbIec KPHTepHH, OCHOBAHHbIe Ha HCHOMb30BaAHHM 
AMILIATYXHOH WM a3soBOH XapaKkTepHCcTHK 


Ilo ammauTyqHok Ww da3z0Boh xXapaKkTepMCTHKaM pa30MKHy TON 
CHCTeMbI ONpeesiOT XapaKTePHCTHKH 3aMKHYTOM CucTeMbI [1]. 
O6o3HauuM 4epes fF CKOPOCTb, KOTOPy!O HeOOXOAUMO MOAMep- 
2KMBATb NMOCTOSHHOH (3aaHHBI BXORHOH CurHam), a uepes 


Cc 
ne aaa 


a 





Pur. 10. SamKuytaa CHCTeMa peryaATOp — ABHraTewb. 


C—eHCTBUTCJbHYIO CKOPOCTL JABHraTeaAA (OTCUMTHIBACMYIO OT 
ycTaHOBUBleroca 3Ha4ueHHA). Cxema peryAMpoBaHua CKOpOCTH 
mpurateraa m306Opaxena Ha ur. 10. aa nopmMabHoh padorTpl 
HeEOOXOAMMO, UTOOKI cuCTeMa Oblta ycToluneBon. Ilo Buy amman- 
TY HHO! HW CasoBOh KXapakTepuCTHK Pa3sOMKHYTOH CHCTeMbI (cM. 
(pur. 5) MOXKHO CyHTb OO ee YCTOHYMBOCTH B 3a4MKHYTOM CO- 
CTOAHHH H BbIBeECTH OOWMe MpaBusia pacueTa TaKOH CHCTeMHI. 

AMILAMTY AHbIe H PasoBble KPHBLIe YLOOHO CTPOHTb Ha OAHOM 
rpaduke. Jia paccMaTpuBaemMoro MpuMepa C ABuraTejemM Takue 
KpuBble MpuBenenbt Ha ur. 11. 

IIcppan paGota, MOCBALLeHHaA uaCTOTHOMy MeTOAYy, Obiia 
cnyOaukopana Haliksuctom [2], KoTOpplh MaTeMaTHyeCcKH pellnaA 
ganauy OO yCTOHNHBOCTH JIMHeEHHbIX 34MKHYTBIX CHCTeM, CBelA 
3alauy K W3y4eHHIO XapaKTepMCTHK pa30MKHYTOH CHCTeMbI. 
Boke pasBul YTOT MCTO M BBE MOHATHA ycunenua [3] u 3amaca 
ycTohunpoctu mo dase. Hcnowb3yaA 9TH MOHATHA, MOXKHO LaTb 
HeKOTOpbie MpocTHle Npapniia pacueta. 

IIpeanos0x%KHM, YTO K cucTeMe S MpW0%#KeHO MawoOe BO3My- 
WleHHe 6, KOTOPOe, BO3MOX%KHO, HcyesaeT Co BpemMeHeM. Ecan 
nepexOMHbIA MpoOWecc, BbISBaHHbIT STHM BOSMYIWeHHeM, 3aTy- 
xaeT CO BDCMeHEM, TO TOBOpsAT, uTO cHcTema S ycTotunsa 
B mpoTHBHoM cayuae cuctema S ueyctohunsa, Yactota, "pu 
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KOTOPOH OTHOWeHHe aMIMIHTYIbI Ha BLIXOZe pasOMKHYyTOH cu- 
CTeMbI K AMIIHTyRe Ha BXON€ paBHO eJ\MHHWLe, HasblBaeTca 
»4dacTOTOH cpesa“. TIpeanoaox%KuM, uTO MMeeTCA AMUIb Onna 
yacToTa cpe3a. HasoBpem 9TOT ciay4a ,HOpMaJbHbIM‘. Ecan 
mBt H3 180° BEiuTeM OTCTaBaHHe mo chase Mpu yacToTe cpesa, 
TO MOY4HM 3amac yCcTohunBocTu mo dase; HHaye FoBOpsA, 3anac 
ycrotiuupocTH mo dase paBeuw cymme 180° u dasozoro yraa. 
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Pur. 11. JlorapupmMuyeckue ammautTy Anas 

HK @a30paAa YacTOTHbIe xXapakTepHcTHKU 

Pa3OMKHYTOH CHCTeMbI perylATOp — ABH- 
raTedb. 


Pasospih yrol CunTawWT OTPHLaTeAbHBIM TIpH OTCTaBaHHH H 
NOAOKUTeAbHBIM MpH OMepexkenun daspl. Ecau umMeetTca He- 
CKOJbKO 4aCTOT Cpe3a, TO yKa3aHHaA CyMMa OMpeeaeTca LAA 
KaxKOH YaCTOTbI Cpe3a HW HaMMeHbllad H3 HAX OyeT 3amacoM 
ycTohunpoctn mo dase. Ina paccMaTpuBaemoro BbIWe MpuMepa 
sanac ycTohunBocTu no dase noka3an Ha cur. 11. On paseu 
mpvOausutTeibHo 380°. 3a ocb a6cuucc yHoOHO MpwHATb ropu- 
SOHTA/IbHYIO MpAMy!O NpW 3HaYeHHH OTHOWEHHA AaMIIMTyD (ycu- 
neHve nO TepMHHOJOrHH Boge), paBHOM eAHHHLe. 

Touxy,, B KOTOpOH oTcTaBaHHe no dase paBHo [80° (cbaso- 
BbIM yroa paBeh —-180°), Ha30BemM ,TOUKOM nMepexoda chasni‘. 
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IpeanonoxKuM cHauala, YTO HMeeTCA TOMbKO ONHA Taka TOUKA. 
Cyutaem 9TOT cayual HopMaabHbIM. Ilycth R— 3HayeHHe OTHO- 
WeHHA AMNAUTYA B TOUKeE Nepexoga casnl. Toraa 3anac ycTon- 
YMBOCTH NO amnauTyne GyneT paBeH 1/R, ecau R Menbule eqH- 
Hub, WH paBeH R, ecand R OOMbuie HAM PaBHO C/MHULE. Samac 
ycTofumpocTH MO aMMMTye 4YaCTO H3MepseTCA B ReunOenax. 
Ecau umeetca 6onee ONHOM TOUKH Mepexona dasbl, TO 3amac 
ycTOHuMBOCTH NO aMIMHTyne OnpewenseTCA Kak HaMMeHbllce 
M3 3HayeHH OTHOCHTenbHOM amnauTyan {R} npx R>1 wan 
{1/R} npu R<1 B TouKe Nepexona Hash. 

Ha gur. 11 3anac ycrofiumpocTu no amMMnTyye NoKa3saH 
cTpeKOM, HO OH He paBeH AHHe COOTBETCTBYIOWerO BeKTOpA. 
B wawemM cayuae OTHOWeHHe AaMMAMTYD Mp yacToTe, COOTBET- 
cTBylouleH Touke nepexona casbl, MpHOAM3HTeAbHO PaBHO 0,2. 
Torga 3anac ycrohunBocTu no amnautye OyzeT 1: 0,2, T. e. O. 
B neun6enax sto cocrasuT 201g 5, uan 14 06. 

Orcrapanne Mo cba3e JAA pasOMKHyTOM CHCTeMbI MOKeT 
HHKOrAZa He mocTuraTb 180°. B stom cayyae HEBO3MOXKHO Onpe- 
ReavuTb 3anac yCTOMYMBOCTH NO amMntyfe. TouHO Tak xe 
OTHOWMeHHe aMILIHTyA MOKEeT HE AOCTHrAaATb 3HAYCHHA l, MH TOrha 
HEBOSMOXKHO OpefeMTb 3anac no dase. B cayuanx, Koraa 
ganacbl YCTOMYMBOCTH ONMPeeAHTb He/Ib3A, HET CMbICIa M0.1b30- 
BaTbCA PaCNeTHbIMH MpaBiaMH. 

Tia DaibHehuero H310%KeHHA YAOOHO pacnpocTpaHuTb onpe- 
ReneHua 3araca ycTOMuMBocTH no aMnauTye HW NO case Ha 
HeKOTOpble mpewembHBIe cayyau. Ecau oTctaBanue mo dase 
HuKOrga He gocTuraeT 180°, HO npuOnwxKaetca kK 180°, Koraa 
OTHOCHTe€AbHas aMMIMTyYa CTpeMHTCA K HYJO, TO MO2KHO CKa- 
3aTb, YTO 3alac yCTOMYMBOCTH NO aMIIMTyZe paBeH OecKoHe4- 
HOCTH, H OOO3HAYHTb eFO CHMBOJIOM OO. AHaJIOrHYHO, eCJH 
OTHOWCHHE AMMAWTY HAKOra He AOCTHPaeT CAMHMLBI, HO NpH- 
6nwKaeTca K 1, Korma OTCTaBaHHe NO dbase CTpeMHTCA K HY, 
TO TOBOPAT, 4YTO 3amac no dase pasen 180°. 

V3 3akOHOB dbu3zuKu [4] nH ycaoBuH orpaHHyeHHA MOLHOCTH 
H3BeECTHO, UTO MpH OecipeeAbHOM BO3PaCTaHHH YaCTOTHI OTHO- 
WWeHHe AMNAHTYA pasOMKHYyTOM CHCTeMbI MpHOMWKAaeTCA K HY/IO 
WIM K KOHC4YHOMY MOJO KUTEABHOMY 3HadeHHO. 

Ha dur. 12 noka3aH 3anac ycrohunpoctuH MO amManTyze U 
No dase AA HEKOTOPHIX Pa3SOMKHYTHIX PH3SHYECKHX CHCTEM. 

O6bluHO §=HCHOMb3yeTCA §=6culemyioulee §=mpaBuo §=6pacueTa 
[5—9]: 
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Pur. 12. 3amac ycroitunpocta mo ammauTyne H case Aaa HeKOTOPHX 
| (Hu3HYeCKHX CHCTeM, 
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ITpasaao pacuema |]. Banac ycmotuusocmu no gaze Ooa- 
aceH cocmasanns no Kpatined mepe 80°, a 3anac yemoutu- 
Bochiu nO amnaumyde— no Kpatinei mepe 2,5 (8 06). 

STO MpaBHO MOXKHO OGOCHOBaTD MaTeMaTHUeCKH. C MOMOLIbIO 
TEODMM DYHKILN KOMIMVICKCHOFO MePeMeHHOTO MOMHO MOKasaTb, 
UTO WIA PaSOMKHYTOH CHCreMb! CieayeT H30eraTb yC.iOBui, MpH 
KOTOPBIX OTCTaBaHHe m0 dbase coctapaser 180°, a oTuourenne 
aAMIVIUTYA paBHO euHnne. Corsacio nmpasusy 1, stToro MOXxKHO 
W30@xKAaTb MPH HaMYKH ONpeeseHHOrO 3amaca ycTounBocTH. 
Hue Mbl BePHeMCH K 9TOMY BOMpOCcy MpH paccMoTpeHuH 
AMILIMTY LHO-Ma3sOBblX XapaKTePHCTHK. 

IIpupenqenHoe NpaBHsio pacueTa 2OJKHO PpacCMaTPHBaTLCA Kak 
rpyObit KpuTephHh, MOsBOAMIOWIMA CieWMaaHCTy, He HMeIOULeMy 
ocodoH MaTeMaTHYeCKON NMOAFOTOBKH, CTPOHTb YACTOTHLIe Xapak- 
TEPHCTHKH CHCTCM ABTOMATHYCCKOFO PeryANPOBaANA H H30eKATb 
HEKOTOPHIX OLUMOOK Mp MpoeKTHpPOBAaHHH. 

MoxHO JOKasaTb, YTO BOOOWLE ONACHO AOMyCKaTb MeHbUINH 
3anac yCTOMUYHBOCTH TIO case H TO amMMIuTyye. Tak, walpumep, 
Mp 3amace ycTOMuMBOCTH NO dase B OY HAM pH 3amace no 
amMmiuTyne, paBuoM 1,05, cvHcTeMa NOAXOAWA Obl Tak O.M3KO 
K TpaHulle HeycTofunBocTH, uro pelmenve OblIo Gbl CHIbHO 
KOMeOaTeCAbHLIM; CCAM Obl MIpH 9TOM BCe HAH HeKOTOPble yacTOoT- 
HbI€e XAPaKTepHCTHKA CHCTeMbI OLIN MOAyUeHbI MyTeM pacueTa, 
€@ He 9KCMepHMeHTabHO, TO Make e3Ha4HTe/bHbIe MakTOpLl 
MOrM Obl ClelaTb CHCTeMY MOMHOCTbIO HeyCTOAUHBON. 

MoxeT CAYYMTbCH, UTO, XOTA NpeAblAylee pacueTHoe Mpa- 
BHO YMOBJeTBOPeHO, 34MKHYTaA CHCTeMa BCe %e OyeT CJIMW- 
KOM KO.le6aTeJbHOH. B KOHIe STOH CTaTbu OyneT AaH MpuMep> 
WWNOCTPHpyloulMii TakOW cayyafi. Onnako Aaa Oobuoro uNca 
(U3BHNeCKHX CHCTeM MpHBeeHOe MpaBuio OOecneynBaeT LOCTA- 
-TOUHO XOpoulee MpoTeKanve Mpowecca perynpoBanna. Tpasnso 
ollpelemset 3amac ycTohunpoctuH, KOTOpLI 4acTO OblBaeT O- 
CTATOUHBIM H JIWWb B PpeAKHX C/lyyadxX He MPHBOLMT K WeJH. 
YUrooh ObiTb YBePpeHHbIM B TOM, YTO CHCTemMa OyaeT yAOB.IC- 
TBOPHTe€bHO PaOoTaTb, CMelMaHCT MOXKeT Oe3 OCOObIX TpyAHO- 
cTeH WH He yrayOundcb B TeEOpHiO HCMONb30BaTb TOTOBHIA Habop 
YACTOTHLIX XAPAKTCPHCTHK, OMpPeeiMIOWLUX XOPOWylO padoTy 
CHCTeMbI, H MpoOcseHTb 34 TEM, YTOOL! XApakTepHCTHKH, MONy- 
UCHHbI€ HM MPH pelueHHH JaHHOH KOHKpeTHOM 3aaun, CoBMa- 
Wad WAM ObLIH O0H3KH K COOTBETCTBYIOWIHMM CTaHapTHbIM Xa- 
pakTepHCTHKaM. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


1. Hso6pamcenue xactotnux xapaxtepucrux u pacuernue Kputepun 33 


Pacuet, OCHOBaHHAI TOMBKO Ha aMIMMIHTYAHOH YacTOTHOH 
| xXapakTepHcTuke 


MepBowauanbHo Boge [3] uccaenopan cusuyeckue CHCTeMHI, 
KOTOpHle MOryT ObITbh ONHCAaHbI OOHIKHOBeHHEIMH JHHefHEIMH Lud- ' 
(PePeHWHaMbHbIMH YpPaBHeHHAMH C MOCTORHHBIMH KoS@@uunenTamH. 
TlonyctuM, uro 3afaHa ammautyanaa xapakTepuctuka W. Pac- 
CMOTPHM CHCTeMbI ykKagaHHOrO THMa C OMHAKOBHIMH XapaktTe- 
pucTuxamu|) W. Cpenu dasopbix xapaKTepucTHK STHX CHCTeM 
MMCeETCA OHA, AA KOTOPOH OTCTaBaHHe MO dbase HMeeT HaH- | 
MeHbIuee SHayeHMe. CucTeMa C Tako XapakTepHcTHKOM Ha3bl- 
BaeTCA MHHHMAJbHO-ca3z0Boh cucTemof. Bone nokasaq, uTo AAA 
MHHHM@JIbHO-@basOBbIX CHCTeM aMILIMTyQHad XapakTepucTuka 
ompenesneT casoByl0 XapakTepuctury 4). TlockombKy uHoraa 
SKCHCPHMCHTAJBHBIM IlyTeM TpyHee NOAYUNTh casoBylo Xapak- 
TEPUCTHKY, YM AMMANTYAHYIO, TO KeMaTeAbHO MMeTb pacueTHutt 
KPHTepHA, OCHOBaHHHIA AHUIb Ha OJHOM aMIIIHTYAHOK Xapakte- 
pucTHKe. 

V3 teopemm Boxe caeayert, uto (basoBhift yroa npu AanHott 
uacToTe f| Af MMHHM@IbHO-(bas0B0M CHCTeMH 3aBHCHT OT Ha- 
KAOHA aMIIMTYAHOK xXapakTepHcTuKH (MOCTPOeHHOH B Aorapuo- 
MM4eCKHX KOOPAHHaTaXx) B OKPeCTHOCTH 4aCTOTHI f. Ecan naksa0n 
AMOCTATOYUHO NOCTOAHEH B OKPeCTHOCTH YaCTOTHI f, To aszosntt 
YTOA MPONOpUMOHateH HaKAOHY aMNAWTYAHOM XapakTepHcTHUKH. 
HlefictsuTeabHO, cpasoBbift, yroa paBeH. npHOsu3sutenbHOo 90 m 
rpawycoB AAA HaKAOHAa Mm. 

Tad MAmOcTpauHu 9TOTO cooTHOWMeHHA OOpaTuMcs K aMnau- 
TYQHOR xXapaKTepWcTuKe, MoOKasaHHOf cnAOWHOR «AMHHef Ha 
pur. 11. Yacts kpuBo caepa OT TOUKH @ HMeeT HaKAOH npu- 
Ou3HTetbHO —~1. HanoMHuM, 4TO «AMHHA C HaKnoHOoM ——1 
OnyCKaeTCA! Ha OMY CMHKLy MpH CMeLeHHH Ha OAHY eAHHHLY 


BIpabo, T.|€. AMHHA OOpasyeT C TOPH3OHTaAbHOM OCbIO yroa 
a eee | ; 


1) B o6aactu peryanposanna Pa3AHYHbIX NPOWMeCCOB 3ana3sqWBaHHe 
4acTO HI paeT BaxKHylO POAb. OOHIKHOBeHHHIC AMHeHHBIE Auppepenyuarp- 
HB ypaBHeHua NepectaiT OuITb cnpaBe_HBHMH AAA He MHHHMAJbHO- 
asoBbix cucrem. B stom cayyae HeEOOXO_UMO UMeTL Kak aMILIHTy LHY10, 
Tak WH @a3oByio XapaktTepuHctuku. Oquako xota AAA STOFO caywaa Teo- 
PHA pacueta, MPHBEACHHAA B HaCTOAMeM Pa3zzere, HENPHMCHHMA, OCHOB- 
HBC NOMOKCHHA, H3TOKCHHME HWKE, BCE KE OCTAIOTCA CIpaBeAAHBHIMH. 
Onbyen6ypr u Captopuyc [10] mposean OOUINpHOe MaTeMaTHYeCKOe 
HCCACROBAHHE 3alla3QNBaHHA CHCTeEM C COCPeAOTOYeCHHHIMH H pacmpege- 
ICHHBIMH Mapametpamn. Cm. Takxe pa6ory Boge [3], ra. 13. 














3 ‘Sar. 2366, 
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135°1). Coraacno pesyabtatam Boze, dasospii yroa omKen 
OLITb MpHO.H3HTeIbHO paBeH — 90° AAA HM3KHX YaCTOT, TO 
pugHo u3 rpaduka dur. Li. Jaa orpeska cd amnautTyQuon 
XaPaKTePHCTHKH HaKJIOH MpHOM3HTenbHO paBeH —2 (AMHHA 
onycKaeTCH Ha Be CAMHMUbI Mp CMeULeHHH Ha CA MHMLLY BmpaBo) 
H COOTBETCTBYIOWUMM a3zoBbll yrou 1OaxKeH OvITb OKO0 — 180°. 
CnpaBa oT TOUKH d HaKAOH MpHOaAW3HTeAbHO paBeH —— 3, 
COOTBETCTBYIOLUMA pas0BbIt yroa OyAeT IPHMePHO paBeH — 270°. 
laa BRICOKMX YaCTOT :a3z0Bad XapaKTepHCTHKa ACHMITOTHYCCKH 


CTPeMHTCA K JHMM, CooTBeTCTByIOMleh — 270°. 
Hakaon KpuBofi or a ao 6 mpnOansuTerbHO paBeH — 1,6, 
a ot b no ¢c —1,4. THosToMy MO2KHO O2KHDaTb, YTO aszoBblh 


yrOA DAs YacCTOT, CBASAHHBIX C OTPe3KOM ac, OyleT paBeH 
_— 135°, uro copmajaeT C MeMCTBUTeIbHBIM 3Ha4¥eHHeM. OueBHAHO, 
MMeeTCA MpHOAWKeHHaA 38BHCHMOCTb M@xKAy HakOHaMH — 1], 
—2 u —3 oTpeskoB aCHMNTOTHYeCKOM KpHBOA (cM. dur. 6) 
MW JeHCTBHTebHEIMH (pa3OBLIMH yIrlaMH. 

Jina uactei aMnaUuTyOHOM XapakTepHCTHKH, re HakKIOH Mm 
BLOJb XapaKTePHCTHKH ABAAETCA MOCTOAHHBIM HWe/IBIM 4HCJIOM, 
BLipakeHne —— 90m rpanycoB AaeT xopoulee NpHOAMKeHHe MA 
cpasoporo yria. BOaW3H KOHWOB OTpe3KOB npHOamKeHwe CTa- 
HOBUTCA O4Y€Hb TpyObIM; Mp KOPOTKAX OTPe3sKaX JIOMaHOH JIMHHM 
NpHOAWMKeHHe TakoKe O4YeHb rpyOoe. 

Ecau 4acTroTa cpe3a HaXxOMTCA BHYTPH OTpe3Ka XapakTe- 
PHCTHKH C MOCTOAHHBIM HaKNOHOM — 2, TO OTCTaBaHHe (asbl 
ipa yactoTe cpesa OyzeT oKon0 180° wu 3anac no chase OyneT 
O4CHb MaJIBIM. 

ITpasuao pacuema 2. Hakaon Amnaumyduod xapakmepu- 
cmuku 68 <AOzapugmuxrecKkux KOOpOuHamax npu tacmome 
cpesa u BO6nuzsu Hee OOAINCeH OblmMb paseH npubAUZL- 


mersno —I. 

Hakaon —1 syl6pan moTtomy, 4TO 3Hayenve —1 Ooabme 
,olacHoro* 3HaueHHa —2; B TO 2Ke BPEMA YaCTO %KeMaTeAbHO 
UMeTb HAKIOH, ONW3KHA K HaknOHy —2, C TeM 4TOOb Moly- 


UNTb TNepexodubf mpouecc, KOTOpbIA ABAAeTCA MOCTATOUHO 
KoeOaTesbHEM. Ilycth f— uacTota cpe3a. O6el4HO npunumaiom 
HQKAOK Xapakmepucmuku Oau3skum K —I1 6 Ouana3z0He 4a- 
cmom om 3/,f oo 2f. Benwuuna 9TOTO AMamazoHa YacTOT, 





1) QtoT HaKAON CooTBeTCTByeT HaknoHy — 20 06/dexada. — [[pum. 
ped. 
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Booouse rOBOPA, 3aBHCHT OT HaKNOHa KPHBOH Batu OT YacTOTH 
cpesa. Pacuerunk nytem MPOBEPKH CMOXKeT YCTaHOBHTb 9TO. 

TlyHKTHpHaa KpuBag Ha dur. 11 noayyena nytem cmewenna 
CMAOWHOM KPHBOM BHH3 Ha paccTonnue, paBxoe lg 2. FlockoabK 
NYHKTHPHaA aMMIAMTYAHaa XapakTepHcTuKa Ha our. [1 ieee 
pH uacToTe Cpe3a HW BOAH3H Hee HakaOH, PaBHHA mpHOsnsn- 
TeabHO — 1,4, (uro aaa npakTuyeckux nexett ROCTaTOuHO 6an3KO 
K HaKIOHy) —1), To pacuetHoe npaBuo 2 ynoBaeTBopexo. 
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p ih 13. Jlorapnmuyeckue aMNAHTYIHaA Hw dasopag 
ACTOTHBI€ XapakTepHCTHKH ycTOHuHBOH CHCTeEMHI, 


PP ol pi ee Slane ee XaPaKkTe€PHCTHKH 9TO 
Opo 
STOM KpHBOh Grictpo CTPeMHTCA K "9 rr dope sces Mara 
ee WacTOTy cpe3a. Onnako cnaomnag maa 
se oat BCe eule ONMCHBaeT ycrohuusyio cuctemy 
2 aban el 3 MpHBenenni aMIIWTyAHaA WH azoBag uactoTHHe 
p PHCTHKH 21a ycTohunsot Pa3sOMKHYTOH cucremy 
aMIMIMTy Ha XapakTepucTHKa NOAHHMaeTCA BBepX nipH one 
K yacToTe ¢pesa. Takan XapaKTepuCTHKa Boobie i ee 
Sanac ycrof#unsoctu no dase mpesnmaer 180° = pas 
MMeeT Oo1bWIOH 3anac ycTohunsoctu, Korma KOHTyp SM ree 
IIpw Betyepunsanun WaCTOTHBIX XapaKTepHCTUK Her ReeKA: 
areas ag TOUHBI€ CBOHCTBa 9THX xXapakTepucTuK eae 
+ HOSTOMY Jaa usuyeckoh cy 
mpolece B |KOTOpOH mporekaer OAHY ee il gai 
| bd : 


3* 
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HANOOHOCTH 3HaTb XapakTepucTuKy mpu yacrote 100 Konebanuh 
sp muHyty wim 0,01 koneOaHHa B MUHYTY. JeXCTBUTeAbHO, 
monoca uacrot ot 10 ao 0,1 kone6anua B MMHyTy OyaeT 
B JaHHOM CAyyae BNOAHE OCTAaTOUHON. 

UacroTHble XapaKTePHCTHKH AOJKHBI CTPOMTbCA AAs OOMACTH 
CPpeMHUX YaCTOT, H HeT HHKaKOM HeOOXOAMMOCTH CTPOHTb HX 
AA OUeHb HM3KUX YacTOT. TaM, rae onpeenstoTcaA sallacnl 
ycToHywBocTH Mo aMMauTyte HW MO dase, STH XapakTePUCTHKH 
LOK ObITb H3BECTHH Dia MocTaTOuHO WIMpoKorO AKama3soHa 








Omuowenue amnauimyd 
& 





O0i Qt 10 


Yacmoma, 2 


@ur. 14. Yactp acumntoTHyecKo Aorapupmiyeckon 
aMIMIMTY HOH YaCTOTHOH XapaKTeCPHCTHKH. 


uacToT. O6ulMM cayuaeM ABAReTCA TOT, KOPMa aCHMIITOTHYCCKaA 
aMIAUTY Had XapaKTepHCTHKa B OKPECTHOCTH YaCTOTbI Cpe3a 
COCTaBANeTCA H3 TpeX OTPe3sKOB C HaK/IOHAMH —2,—lu—d2 
COOTBETCTBeHHO, Kak MoKka3ano Ha pur. 14. AMnauTyaHan KpuBas 
(cinowHad WIM MYHKTMpHad) Ha our. 11 sBpaseTca NpHMepom, 
K KOTOpoMy MpHMeHuMa (ur. 14. Uro6n o6ecneynTb RocTa- 
TOUHBIe galachl YCTOMYMBOCTH, aBTOP PeKOMeHAyeT CesyIolllee 
npapuo 1), OCHOBaHHOe Ha MaTeMaTHYECKOM HccAeTOBaHHH 
NepekaTOUHHx MyHKWWA (CM. IIpuszoxwKenne): 

IIpasuno paciema 3. Paccmompum pa30MKKymyi0 Cu- 
cmemy, “acmb amnaumyoxok xapakmepucmuKu Komopod 


1) B pa6ote [9] (ra. IV) pekomenayeTca OTHOIMEHHE AC/AB, 
papHoe !/. 
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anpokcuMupyemcaA Kpusoli, cocmasAzeHHod uz NpPAMOAUNeEHHWX 
Oompe3Kog u coomBemcmsBynwet Guz. 14, npurem ompesKu 
Cc NAKAOHOM —2 OnunHee cpednezo OmpesKa C HAKAOHOM 
—I1. AA amo cucmemu acenamersno umems Oauny om- 
peska AC, pasxyiw npumepxo 1/,—1/, om Oaune om- 
peaxa AB. Omunowexnue omxocumensnoi amnaumydwu, coom- 
semcmsyiouekt mouxe D, K omnocumensHod amnaumyode, 
coomsemcemsynowmed mouxe E, dor2cKo Otmb pasHo no Kpait- 
Hea mepe 5 (omHowenue tacmomu., coomsemcms ynwuet 
mouxe B, kK 4acmome, coomsemcmsbynowmel mouxe A, OOAIICHO 
Otlmb pasHo no Kpatinedi mepe 5). =—— 

JlerKO MOKasaTb, YTO OTHOWEHHE OTHOCHTEABHHIX aMMANTYA, 
COOTBETCTBYIOWHX TOUKaM Du E, pasByo OTHOWIeHHIO 4acTOT, 
COOTBETCTBYIOWHX TOUKaM Bou A. : 

CoraacHo cooTrHourenuio Bone Mexkly caso wu amnautyazo#, 
YBeMYeHHe HaKOHA AMIAWTYQHOM XapakTePpHCTHKH BBI3BIBaACT 
yBeanuenne cbazoporo yraa. Ecau Tenepb O2HH Hau 06a OTpeska 
XaPaKTePHCTHKH, MPHMBIKaWline K CpeNHeMy OTpe3sKy C HaK.10- 
HOM -——l, SBAAIOTCH KOPOTKHMH OTpe3KaMH C HakaOHOM — 2, 
MPHMBIKalIOULHMH K OTPe3KaM C OOAbUIMM HAKAOHOM, MO OMmnHo- 
uenue wacmom, coomsemcmsyiuwmee morxam Bu A, moocem 
unozda Gums meHnoue 3S, Hanpumep OHO mMO2icem Ooms 
pasno 4. ie 

Tina mpuMepa cucTreM peryasTop— aAsuraterb Ha dur. 11 
cpenHHHt oTpe3ok bc cnowHOoh KpHBOM uMeeT HAKAOH OKOO 
—1,4, Bl TO Bpema kak cocegHue oTpe3KH ab u cd uMeIOT 
HaKJOHH, |COOTBETCTBEHHO paBHnle —1,6 nu —2. 

Toukn| a, 6 wc, oTMeveHHHIe Ha dur. 11, spBasiotca TOU- 
KaMH COMNPAKeEHHA OTPe3KOB C Pa3AMUHBIMH HakAOHaMH. B cTpo- 
TOM CMBICI€ TepMHH ,TOUKa CONpwmKeHuA“ (HAM ,CONpsraioulan 
TOUKa") OTHOCHTCA K TOKE, B KOTOPOM MepecekaloTca NpAMOAH- 
HeAHHe OTPe3sKH C PasTHYHBIMH HaKOHaMH. TouKku COnpaxKeHHA 
aMIIMTYQHOM XapakTepHcTHKH Ha cur. 11 MoryT OnITb BHOpaHE 
He CMHCTBCHHEIM OOpasom *). Jina acumntoTHyeckof amnauTya- 
HOM XapaKTepHCTHKH OHH ABAMIOTCA EMHCTBeHHEIMH. Ha pur. 6 
TOUKAMH CONpsmKeHHA OyayT ToUKH a’, 5’, c’ uw d’. Tpy6o MoxHO 











| 1) Astop o6patunca OAHOBpeMeHHO K UlecTH cnel{naquctaM, mpey- 

AOXKHB HM| BLIGpaTb TOWKH COMPAXKECHHA Ha 9TOH XapaKTeEpHCTHKe, 

BLIYCPYeHHOH B BAC CHwoWMOH KpuBOH. Bce oH yKa3aqu TOUKH, 

oo O61u3KHe K YeTLIPEM TOYUKaM CONPAKeHHA, YKa3aHHBIM Ha 
ur. fl, - 3 % 
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38 P. Oasden6ypzep 

NpeACTaBuTb OTPe30K Ab OTPe3KOM C HaKOHOM, NpvOAW3HTeAbHO 
paBHLIM —-2, a oTpe30K bc —orTpesKOM C NpHOAM3HTeAbHBIM 
HakKO0HOM ——I. PaccrosHue mo BepTuKaiu oT ¢ NO 6b paBHo 


lg 6,5, OTKya YaCTHOe OT MeeHHA OTHOCHTeAbHHIX aMMJMTYSA, 
cooTseTcTBylioulux DE wa cur. 11, pasno 6,5. B 93Tom oTHO- 
WeHHH paBpuo pacueTa 3 yNoBAeTBOpsHeTca. 

Orpesku a’b’, b’c’ wu c’d’ acumntoTuyeckow amnauTy anor 
XaPpaKTePHCTHKH IIA MpHMepa CHCTeMbI pery/ATOP — ABuraTeIb 
MMCIOT HaKJIOHHI, COOTBETCTBeEHHO paBHnle —-2, —l u —2 
(cM. dur. 6). Pacctosnue no Beptukaan mMexay 0b’ uw c’ paBHo 
Ig 4, OTKya COOTBeTCTBYIOWee OTHOWeHHe MOmyuaeTcA paB- 
HBIM 4. SOTO He YOBNeTBOpHeT npaBHay pacyeta 3. OnnHaKo 
oTpe30K a’b’ He O4eHb BeHK (10 cpaBHeHMio c b’c’, a OTPe30K 
aCMMMTOTHYeCKON KpHBOM CeBa OT TOUKM @’ uMeeT HaKOH —l. 
Orcwla clelyeT, 4mo “acmHoe Om OeNeHUA OMNOCUMeAbHELX 
amnAumyO, COOTBETCTBYIOWUUX TOUKAaM D’ uc’, mosicem Oblme 
HeECKOAbBKO MenbUe SO (4TO TpeOyeTCA MpaBuOM pacyueTta 3), 
M qdakTwyeckoe 3HayeHHe 4 OyaeT BNOAHE yOBTeETBOpH- 
TCJIbHBIM. : 

Touka, COOTBETCTBYIOWAA YaCTOTe Cpe3a Ha CNAOWHOK aM- 
NAMTY HOW xapakTepuctuKe (cm. cpur. 11), pacnoszoxena 6.1n3KO 
K IipaBOMy KOHUWy cpeaHero oTpeska. J\ia acumnToTuyeckon 
XaPaKTePHCTHKH, MpeAcTaBeHHOK Ha dur. 6, uacToTa cpes3a 
OyleT pacmoO0%xKeHa Ha MpaBOM KOHWEe CpedHero oTpeska. 
Takum oO6pa30M, B 93TOM OTHOWICHHH MpaBHAO pacuetTa 3 He 
coOmomlaetca. TlepemMeulad aMMuTyAHyiO XapaKTepUMCTHKy BHH3 
Ha pacctoaHHe 0,3, Kak MOKa3aHO MyHKTHPHOM KpHBOH Ha cur. 11 
(34 OCHOBaHHe OrapHdMoB NpHHATO unc0 10), MBI caBuraeM 
Te€M C4MbIM TOUKY Cpe3a Tak, 4TOGHI NpaBuso pacueta 3 yaO- 
BACTBOPANOCb, &@ MMCHHO K CepeuHe HWM O1H3KO K CepenuHe 
cpeaHero oTpe3ka. OTO cnpaBeMBO KaK B Cjyyae HCMOMb30- 
BaHHA AaMNAMTYHHOK XapaKTepHCTHKH, TaK MH A ee acHMNTO- 
THYeCKOFO NpHOJWKeHHA. 

Kak yxKe OTMe4aOCb, CMeLLCHHe AaMIVIMTYAHOK xXapakTepu- 
CTHKH B JOrapH@MH4eECKHX KOOPAMHaTaX BBeEpX HIM BHH3 COOT- 
BETCTBEHHO H3MeCHHET KOSDHUMCHT YCHICHHA pa3sOMKHyTOM 
CHCTeEMBI. OTO OHO H3 OCHOBHBIX MpeHMYyLeCTB MOCTpOeHHA 
AMIVIMTYQHOM XapakTepHCTHKA B OrapHdpMHMyeCcKOM MacuITabe. 
IIpw yBervuenuu KOSuLMeHTAa YCHeHHA BABOe KaxK0e 3Ha- 
yeHHe OTHOMCHHA AMMAMTYL YMHOKaeTCA Ha Ba, T. €. K OPAH- 
HaTaM XapakTepHcTHKH NpHOaBasetca Ig 2, van 0,3. YmMenbuienne 
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yCueHua; BABOe COOTBeETCTBYeT CABMry aMIWIMTyQHOM Xapak- 
TEPHCTUKH BHH3 Ha paccTosHHe 0,3, mocKoabKy Ig 0,5 = —0,3. 
Kak yoke oOTMeyanocb B MpumMepe gur. 11, Mt yMenbulaaH 
BABOe yCHIeHHe Mpu Mepexowe OT cHAOWHOKM K NyHKTHpHOH 
Kpuson. Hamenenue Kosmpuyuenma ycuAenun He Baugem Ha 
a3z06 yi | xapakmepucmuky. 

Ha OCHOBaHMM NpHBeAeHHOrO MpHMepa MpHMeHeHUA NpaBHia 
pacueta 8 MOKeT NOKa3aTECH, YTO OHO HEMOCTATOUHO TOUHO. 
OTO NpaBHAO WAOCTPHpOBaOCh MpOH3BOAbHO BHIOpaHHBIM 
mpHMepoM. Tem He MeHee MpHBeMeHHble 3fech rpyOnle MeTOIBI 
MatwoT XOPOUIMe KOJIMYECTBEHHbIe pe3ybTaTh. )KenaHHe uMeTb 
NOCTATOUHBIA, HO He upesmMepHBbIM 3anac no chase onpaBaAWBae>r 
MpHMeHeHvhe Mpekbiayuero mpaBuna. UToOh noMoub nosyYHTS 
pH pacyeTe CHCTeMbE AOcTaTOUHHH 3amac YCTORYHBOCTH NO 
aMNAHTYLe, Mbl BBEAeM elle OHO MpaBHAO, KOTOPOe OCHOBLI- 
BaeTCA H& H3y4YeHHM NepeaTOunEX dyHKuwh. MMpennonaraetca, 
‘TO MbI HMeeM OObIUHBIA Cayua, KOrfa aMMAMTyAHaa Xapakte- 
pucTHKa B pattoHe aCTOTH Cpe3a HuMeeT OTPHLAaTeAbHDIM 
HaK.10H. | 

Iycts R — oTHOueHve amnauTya B TOUKe P. 3anac ycmod- 
“uBOcmu nO amnAumyoe B TouKe P’ no onpemenenuw paBeH 
I/R, ecm R< 1, u R, ecan R>1. 

IIpasuno paciema 4. Ecau nocae xacmomu cpe3a snaomp 
00 moun P HakAOH AunAUumyOHO xapakmepucmuKu Corrme 
—2 (m.' e. Kpusaa udem menee Kpymo, 41em npu HaKaAoHe 
—2) u Oanee HaKAOH yMeHouLaemcA, mo 3anac ycmoiuuso- 
cmu no |\amnaumyde 6 mouxe P OonrxKen Ooms pasen 2 

(6 06) unu Coree. 

Touxa, P noxasana Ha MYHKTHpHOM KpuBOH dur. 11. 3anac 
ycTOHyHBOCTH NO aMnautyne QP B TouKe P paBeH 3 (9 06). 
Tas cyan CNAOWHOR KpHBOM STOT 3amac ycTrofunBoctu HeNO- 
cTaToueH. 

Ha acuMnToTwyueckoh xapakTepucTuke TouKa P onpeneasetca 
CAHHCTBEHHBIM OOpa3z0M, M TOra MpaBuo pacueta 4 ocobeHHO 
eTKO MIpHMeHHTb. 

Kak yoke OTMeY¥anoch, cooTHoweHHe Boge mMexay amman- 
TYLOH HM caso OsHauaeT, YTO MPH YBeMYeHHM HaKAOHa aM- 
NAIWTy HOH XapakTepucTuKH (yMeHbINeHHM KpyTH3HH Tam, rime 
KpMBad Malaioulad) yBerMuMBaeTCA aszo0BH yron. Takum o6pa- 
30M, eCIM 4acTOTa cpesa, C KOTOpOM CBa3aH 3anac NO chase, 
OCT@€TCA |HCH3MEHHOH, a HaKJIOH QMIVIMTY RHO XapakTepucTuKy 
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yBeruuuBaetca, TO 3amac Mo dase yBeanyuBaetca. M3 Toro xe 
cooTHowmeHHa Bone caelyeT, 4YTO eCAH HaKAOH aMnauTyAHOh 
XapaKTePHCTHKH HHKOrMa He CTaHOBHTCA MeHbUIe —2 (T. e. 
He CTAHOBUTCA Kpy4e B CMalaoulMx 4acTAX), TO dasoBhh yroa 
HHKOrAa He| NpesphuaeT 180° w 3anmac ycToHunBocTH NO amnaH- 
Tyne oTcyTcTByeT. Jlo6aa uaCTb AMMANTY HOM XapaKTepHCTHKH, 
HakKOH KOTOpOoM MeHbUIe —2 (T. e. Te KPHBad HMeT Kpyye), 
CTpeMHTCA YBeAHYHTb OTCTaBaHHe MO dase WH YMEHbILNTb TeM 
C4aMbIM 3amac no dase. 

MOXKHO | ChOpMyAHPOBaTb MHOKECTBO PaCHeTHDIX MpaBAs, 
nNOMOOHHIX MpaBwiaM, MPHBeeHHEIM B STOM pa3smee. HuKakaa 
KOMOMHALLMA STUX MpaBHA He MOMKET 3AMeCHHTb MATeMATHYECKOrO 
MCCI€QOBaHHA KOHKpeTHOM 3444, HO OHH MOFyT MOMOUb HHKe- 
Hepy mp rpy6om aHaause 3aay peryHpoBaHHa. 

Tina Gonee BHICOKHX YaCTOT 9/IEMCHTH 34Ma3NBaHHA HMCIOT 
TeHJCHLMO | YMeHbWaTb @a3sOBble yrabl, B TO BpeMA Kak 9Ve- 
MeHTHI OMepexeHHa HMeIOT TEHJCHUHIO YBEAHYMBAaTb HX. 

YacToTHble xapaKTepUCTHKH Jia CAyyad MpocToro 9AeMeHTAa 
onepexkenuq moKasanh Ha dur. 15. CyMMupysa OpaANHaTH Ha 
bur. 15 c opauHaTaMH XapaKTepHCTHKH CHCTeMH, H3s00parKeH- 
Hoh Ha dur. 12, 6, nonyuuM npeactaBrenHHe Ha dur. 16 

- XapaKTepHCTHKH CHCTeMBI C S@MEHTOM ONepe?KeHHaA. 

: Jina S/leMeHTa 3aMa3QbIBaHHA COOTBETCTBYIOULMe XapakTe- 
pHCTHKM waHbl Ha ur. 17, a cyMMHpOBaHHe OpszMHaT dur. 17 
C OpMMHaTaMH xapakTepHcTHK dur. 12,6 naeT B pesysmbTaTe 
KpHBBe, NpeAcTaBenHHe Ha dur. 18, aa CHCTeMBI C 91EMCHTOM 
gana3anbanua. IipH 6Goree BHICOKHX YaCTOTaX HOBaA aMMMTyI- 
Had XapaKTepvcTHKa MpHO.MKaeTca K CTapon. 

Cucrema, XapakTepHCTHKH KOTOpOM mpercTaBsens Ha ur. 16, 
sBAdeTCA yCTOMYMBOH, TOrMa KaK CHCTeMa, COOTBeTCTByOLlaa 
pur. 18, neycrofunsa. 








CHCTeMBI C SJIEMEHTOM B enw OOpaTHoH cBa3H 


Paccmotpum cucTemy, u30O6paxennylo Ha ur. 19, comep- 
*KallylO .9JeMeHT B UeNH OOpaTHOH cCBa3H, Ojaromapa YeMy 
CHTHad OWMMOKH CHCTeMBI yxKe He G6ymeT paBeH F—C, Kak AA 
CHCTeMB, HBOOpaxeHHOH Ha cur. 10. 

Uro6n MoyuvTb aMMJIWTyYAHylO XapaKTepHCTHKy CHCTeMH, 
Ppa3OMKHYTOM B TOUKe A, MB OKHA CIOKUTb OPAHHATH Tpex 
aMNIMTYDHBIX XapaKTepHCTHK Aaa peryanTopa, OObeKTA H 91e- 
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MeHTa B Well OOpaTHoA cBasu. Tlono6HbIM 2%xe OOpa3om NocTy- 
maeM H C PasOBbIMH XapakTepucTHKaMH. Cayuai, npenctaBreHHbltt 
Ha dur. 19, aBaaeTca OOLIMM CayuaeM, NOCKOJbKyY OKHA U3Me- 
PATbCA peryMpyemMad MepeMeHHaA C, a YYBCTBUTE/IbHEIM 97eMeHT 
COMePXKHT, BOOOULe TOBOPA, s3aNasAbIBalOWMe UH OMeperxKalouie 
SeMeHTHI. PeryaaTop pearupyeT Ha pasHOcTb r—b mexkay 
BXOJHBIM CHIHaJIOM F KH BbIXOOM 9eMeHTa OOpaTHOH cBa3su Ob. 
HanpuMep, lpi pery1Mpopanun TemMepaTypbl C YyBCTBUTeAbHBIM 





Pur. 19. Cucrema c s1eMeHTOM B enH OOpaTHOH 
CBA3H. 


S/IEMeHTOM B BH TEPMOMAPbI PeryATOP pearupyeT Ha pa3HOCTb 
MeK DY 3a0aHHOHK TemNepaTypoh wu TemnepatTypoh, u3smepsxemoht 
TepMonapoh. TepmMonapa OOanaeT TepMHYeCKHM 34Na3sAbIBAaHHeM. 

Ecaud XapaKTepuwcTHKOM 92eMeHTa OGpaTHOH cBA3H B JMama- 
3OHE YaCTOT, B KOTOPOM PaCCMATPHBAIOT YCTOMYMBOCTb CHCTeMBI 
(bur. 19, MoxHO npeHeOpeub, TO cCHCTeMa, H3006paxKeHHad Ha 
dur. 19, cBoqutca K cHCcTeMe, mpencTaBpneHHOoh Ha ur. 10. 
ITO MOKeT HMCTb MECTO B Cyuae peryMpoOBaHHA TeMMepatypbl 
NpW MOMOWH TepMONapbl C MaJIOH MOCTOAHHOH BpemMeHH. 


AMILIMTYAHO-a3zoBble XxapakTepHCTHKH 
(qHarpamMMbl Haiiksucta) 


KomutTeT He NpedwaraeT MPHMeHATb WCKMOYNTeEbHO KakOl- 
m460 OMWH THM 4acTOTHOM xapakTepucTuKu. Tum KpuBok, Ko- 
TOpad HavOonee OTYCTAMBO OTPar%KaeT BAMAHWE 9/ICEMCHTOB Ha 
OOWLYIO XapaKTePHCTHKY, 3ABHCHT OT NOMOMKeHHA H XapakTepa 
Q/ICMeHTOB H OT KPHTepHsA, NMOAO%KeHHOrO B OCHOBy BbIOOpa 
*KeaeMOH xXapaKkTepucTuKH. TI puMeneHHe YaCTOTHHIX MeTOLOB 
AAA PeWleHHA HeKOTOPEIX OOBIYHEIX 34044 XOPOWO H3BeCTHO. 
OAHaKO AX HCNOAb3OBAHMe AIA PeUJeHHA CAOKHHX 3a44a4 pery- 
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NupoBaHuaA WH B OCOGeHHOCTH 3a1a4 PeryAMPOBaHHA MPOLLeccosB 
copepuienHo | He pa3BHTO. JTpoOMbIllJeHHble Mpouecchl NOABep- 
raloTCA MHOTOUHCIeHHBIM BO3MYLWLCHHAM HM B34HMHBbIM BJIMAHHAM, 
43 KOTOPHIX! JIMUIb HeEMHOTHe OMpeleweHbl KOJMYCCTBEHHO. Cno- 
COOL! MpeACTaBleHHA STHX PesYJbTATOB 3aBHCAT OT HHKEHepa- 
npaktuka. I[pa my6auKallua CBOMxX McCAenOBaHHA OH cBo6oeH 
B BEIOOpe M UCNOAb3OBaHHH THMa XapaKTepHCTHK, KOTOpbIe 
ABIAIOTCA Hav6olee MOLXOAAWMMH AA ero 3aa4H. OaHako, 
nockoabky KomuteT pekomenayeT, YTOOR! aMNAMTYHaA H cbas0- 
Bad UYaCTOTHIe XapaKTepuCTHKH GbIIM DaHbl B AOrapHdmuyeckux 
KOOPAMHAaTaX, YHTATeMb, BO3MOXKHO, CONTET leecooOpa3HbIM 
HCHONb30BaTb OrapHdMuyecKHe aMNANTYHO-a3oBble rpaguku, 
KoTOpble GymyT paccMoTpensl HHxKe. [losTOMy KoMHTeTOM aeTCA 
cnelyiolulad peKOMeHIallua: 

Pexomendayua 3. Tam, 20e amo yoo6nxo, caedyem omda- 
gam Npeonoimenive AOZAPUPMULECKUM AMNAUM yOHO-Ga3z06bM 
xapakmepucmukam neped Opyeumu sudamu npeocmabAlenun 
xapakmepucmuk. 

Amnaumyouo-Ga3z06an xapakmepucmuka OObI4HO WIMPOKO 
IIpHMeHAeTCA IPH pacueTaxX CHCTeM aBTOMATHYECKOrO pery.u- 
posanus. Oro xopowo HaBecTHad AMarpaMMa Hafikeucta, 
KOTOpad B OHOM KPHBOH OOBeEMHHACT CBeACHHA, aBaeMble 
aMILIMTYAHOM WM asoBOM YaCTOTHBIMH XapaKTePHCTHKAMH Pa3sOM- 
KHyTOH cucTembl (B auTepaType HW ApyrHe rpapukH Take 
Ha3bIBalOTCA | AMNAUTYAHO-PasOBbIMH XapaKTePHCTHKaMH, HO MbI 
MpemnownTaeM COXpaHHTh STY TEPMHHOAOFHIO AAA KPHBbIX Hah- 
KBUCTa). YKaSaHHad XapakTepuCTHKa MOyuaeTCA BbIYepYMBaHHeM 
KpHBOH B  MOMAPHEIX KOOPAMHATAX; BeKTOPHHIA ror AAA 
uacTOTh f ABIAeTCA (asOBbIM YOM AJA pasOMKHyTOM CHCTeMBI, 
a BeIMUMHA | paMyca-BeKTOpa ABAACTCA OTHOWEHHEM aMILIMTY 
AR pa3sOMKHYTOM CHCTeMbE NpH YacToTe f. Takum o6pa3om, 
yacTOTa ABAAeTCA MapaMeTPOM KPHBOR. 

XapakTepucTHKM pasOMKHYTOM CHCTeMbI peryAATOpP — ABHra- 
Teab (cM. bur. 11), mpoBeweHHHie CNOWHOA anHHel, o6benH- 
HAIOTCA B OMHY aMMAMTyAHO-asosylo XapakTepucruKy, Npel- 
craBnennyio. Ha dur. 20. Tak, HanpuMep, Kkoraa 4acToTa 
f= 0,064, lorHomenve amnauTya paBHo 3, a dasoBbh yror 
papeh —136°, Kak 9TO BuaHO M3 dur. 20 AAA TOUKH P. 

UacTH KPHBEIX, MpOBeweHHbIe TOHKOM JMHHeM Ha dur. 20 
cneBa OT BeDTHKaIbHOM OCH, HCKaxKeHH Aaa TOTO, YTOOW MoKa- 
aTb, KaKHM O6pa30M KpHBad ACHMIITOTHYECKH npHOanKaeTCA 
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K BepTHKabHOh ocw. Kpupaa xe B OKpeCTHOCTH Ha4aaa KOOp- 
MHAT yBeAMyeHa B MaCIUTaAGe, YTOOKI ClelaTb BALMMOM Maly 
neTJ0. 


-270 


- 180 








Pur. 20. AMMINTyAHO-spa3sopaA xXapaKTepHcTuKa 
Pa3OMKHYTOH CHCTeMbI peryAATOp — ABuraTeab. 


Jina ypeawuenua macuita6a KpuBof B KakOM-au6o 4“acTH 
NOcKOCTH KomuTeT pekOMeHyeT Calenyioulee: 

Pexomendauyuan 4. Ecau moocuo yayuuums yoobouumae- 
MOCIb L MOLHOCMd OMCLEMAa AMNAUM YOHO-Pa3z0sux xapakme- 
pucmuk nymem 4acmu4nO20 U3MeHEHUA MAaClUMaba NO OCAM 
KOOpOuHaM, peKOMeHOYeMCA nNpouzB00UMb maKoe U3ZMeHeHUe 
Macumaca. 


MatematuuecKHe OCHOBBI 


XOTA AJA MATCMaTHY€CKH HENOATOTOBJICHHOTO UHTATeJA NOD- 
poOHOCTM HacTosWjero pasqeaa MOTYT MOKa3aTbCA HesCHEIMH, 
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L Hsobpanenu€ uactotnex xapaxtepuctux u pacuernwe Kputépur 45 





MaTepHall, H3I0%KeHHNA B STOM pasiere, MOMOXKET eMy COCTa- 
BUTb OOllee MpeACTaBAeHHe O NpHMeHAeMOM TCOPHH. 

SaBMCUMOCTb BLIXOJa AHHeMHOM CHCTeMB OT Bxoga [11] onH- 
CHBaeTCA NepexaTouHOA dyHkuneh G(s), mpexcTaBraioueh coOoh 
(byHKUWIO KOMMAeEKCHOM NepeMeHHOM S, NpHueM G(s), Mo onpe- 
ReeHHWO, POMCTBeEHHA NOHATHIO MMMeTaHCa B S9JCKTPOTEXHHKE. 
MoxHO moKa3aTb, 4TO aMIMAKHTYMHO-azs0Baad XapakTepHCTHKa 
ABAIAETCA TpapuKoM STOM yHKUMH MpH s= jw, rae j=V—!1 
u.w = 2rf, npu usmenenuu f oT 0 20 oo. Crpos kpuBylo, CHM- 
METPHUHY1O WaHHOM OTHOCHTeAbHO TOPH3OHTAJbHOKM OCH, Moay- 
UMM CONpsKeHHY!O BeTBb, COOTBETCTBYIOMLy!IO G(jw) Mp H3Me- - 
HeHHH © OT (0 10 —©O. 

laa MpuMepa cucTemMbl peryaaTOp— ABuratTesb COmpsxKeH- 
Had KPHBaf MOKasaHa MyHKTHpOM Ha dur. 20 B Bude BETBH 
KPHBOM, NMOAHHMalOUleHCA OT Hauala KOOPAMHAaT BBEpX HM 3aTeM 
ACHMNTOTHYECKH CTpeMAlleica K BePTHKaJbHOM OCH, COOTBET- 
cTBylowieh dasoBomy yray — 270°. 

Jia HOpMaabHBIX MepeaTOUHHX ®yHKuUMA (HanpHMep, AAA 

“MepedaTouxon yHKUMH, aHamUTHYeCKOM BCIOAY, KpoMe Mov0coB) 

TEOPHA NOKaBbIBaeT, YTO ECM BeAMYHHA PadHyCa-BeKTOpa yBe- 
qmuunsaetca Oe3rpaHHuHO, Korda © CTpeMHTCAH K Hy, TO 
aMILIUTY AHO -cpasoOBad XAPAKTEPUCTHKA CTPEMUTCA ACMUMINTOTHYECKH 
K BEPTHKAJIbHHM HIM FOPH3OHTAIbHBIM MOJYOCAM, HCXOMALLHM 
H3 Hayaia KoopaunatT. Ecaw aMMaAvTyAHO-a3z0Ban xapakTepH- 
CTHKa 3aKaHNMBaeTCH B KOHCYHBIX TOUKAX, TO OHA OOpasyeT 
BMeCTe C COMpPAKeHHOK ef BeETBbIO 3aMKHYTYIO KPHByW. Kone 
aMILIMTyQHO+pas0Bboh  XapaKkTepHCTHKH, COOTBETCTBYIOULHA 
® == 00, ABIRETCA TOUKON B KOHeYHOK OOnacTH [4]. Ecau apy- 
ro KoHent (0) = 0) acHMNTOTHUeCKH CTPeMHTCA K OAHOM H3 NOAy- 
ocef, HCXORAUeM H3 Ha¥ana KOOPAMHAT, TO KpHBas, OOpaso- 
BaHHaf aMIIMTYQHO-*asoBoH XapaKTepHCTHKOH HW ce CONPAKCH- 
HOM BeTBbIO,| 3aMbIKaeTCA MpoOBeeHHOM HalnexkawiuM OOpas0M 
nyrof. B du3uyeckux CHCTeMax XapaKTepHCTHKa YaCTO CTpe- 
MUTCA K Nosyocu — 90°, nHoraa— Kk Noayocu —180° x 2OBO.bHO 
peako —K noayocu — 270°. Mostomy ocTaTouHo OyeT NoKa- 
3aTb UMTATe0, Kak 348MKHYTb KPHByl0, OOpasOBaHHylo aMIlH- 
TYQHO-cha3s0BgOH XapakTepHCTHKOM HW ee CONpAKeHHOM BeTBbW, 
B cayyaax Koraa noazyocu —90, — 180 uau — 270° aBamorca 
AaCHMIITOTAMH. | 

Coraacno TeopHH dyHKkunA KOMIMVIeKCHOrO NepemMeHHOrO 
¢ yueTOM KpuTepHa ycTofunsocTH Hatksucta, KpMBhle AOJDKHBI 
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ObITb 34MKHYTbI OMpewereHHbIM O6pasom (3aMKHyTan KpnBag 
omkHa OOXOAMNTbCA OAHH pas MpH O6xone Npasoli noayn.10- 
CKOCTH M€PeMeHHOM S, CKaxKeM, MO YaCOBOM cTpenke), a B Ka- 
uecTBe AY? Ai 3aMbIKAHMA KPUMBBIX MOTYT NpHHuMaTDCA Lyre 
OKPYKHOCTCH (OHH MOTYT 
ObITh Oonrbute 360°) ouenb 
Oombworo (, 6eckoneyHoro*) 
Ppalluyca, Kak yka3aHO Ha 
pur. 21. Ha 9rot urype 
B CAyuaaX @ WO acumntoTo# 


~270 





ABIACTCA MOAYOCh —9Q°, 
a B Cayuaax 6 u 2— nouy- 
och — 180°. Hakouweu, Ha 


dur. 21,0 moxasan cnoco6 
SaMBIKaHHA B Cyjlyyae, Korma 
aCHMIITOTOH sBaneTca nowy - 
och —270° (c daszoBbim 
yraom —270°). Ha pur. 21,0 
aMIVIMTY 1HO-cbasoBaa xapak- 
TEPMCTHKAa aCHMNTOTHYeCKH 
CTP€MHTCA K NOvyocn —-270° 
B TpeCTbeM KBapaHTe, a 3a- 
TeM AeaeT NoTOpa o6opora 
MO YacOBOH cTpeake, 3amMH- 
Kad KpuBylo. Kpupyto, o6pa- 
SOBaHHYIO aMMAMTy WHO-cba30- 
BOH xXapaKkTepucTuKoh, ee 
CONPAKECHHOH BeTBbIO H 3a- 


Pur. 21. Cnoco6st 3amMpikanua am- meiKaroule RyTOR, Oyaem Ha- 

MAMTYAHO-asoBHx xapaktepucTux, SPIBaTb ,3aMKHyTOH amnau- 
TYMHO-(a3zozon XapakTepu- 
CTHKOH“. | 

Ha cur. 20 3aMbikanve BEIMOHEHO MYHKTHPHOK Ayrowt B npa- 
BOM MOMYMIOCKOCTH. SaMKHyTY10 aMIMTYAHO-cbasoByio Xapak- 
TEPUCTHKY MOXKHO OOXOAMTh B HaMpaBAeHHH MpoTuB yacozZof 
cTpeikH. IIpH o6xone KpHBOoH Mbl HE OXBaTbIBaeM TOUKY 
(1, — 180°). 

AMNANTYAHO-cha3z0Baa XapakTePHCTHKa, NOKa3aHHag cnanoMm- 
HOH KpHBOK Ha cur. 22, MOxeT ObITb 3AMKHYTA, KaK NOKa3aHo 
MYHKTHPOM Ha TOM 2%Ke PHCyHKe. OOxoAA KpuByl0 B HanpaRae- 
HHH CTpeJIKH, Mbl OXBaTHM TOUKYy (1, — 180°) aBaxab. SamkuyTag 
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/. Hs06pascenue wactoTHex xapaxtepuctuk u pacuérnblé KpuTépilu 4 
leis cision eben eae pia, Pen a a Ee ea 


aMIUTY 1HO-cagopad XAPakTePHCTHKA Aa NpHMepa Ha pur. 12,2 
noka3ana Ha ur. 23. Toanpit oxBat Touku (1, — 180°) B 3TOM 
cayyae paBen nya. UTOOH: onpeaenMTh YHCAO OXBATOB, MPO- 
BeleM BeKTOp u3 TOUKH (1, — 180°) B touxy P aMIuTy 2HO- 
(pasosott xapakTepuctukH. Ilyctb P mpoberaer BC SaMKHY TY! 
KpuByio. BekTop mp 9TOM NOBeEpHeTCA Ha yrou 360°. 2, rae 
1—uNCHO OXBaTOB aMMAMTyYDHO-@a3z0Bsoh XapakTepHcTHKOM 
TouKkuH (1, — 180°). 








-270 





® ur, 22, 3amkuyTaa ammau- Pur. 23. SaMKHYyTAA aMMAUTYAHO-pa- 
TYMHO-cbaz0Baq# XapakTepvH- 30BaA XAPaKTEPHCTHKA YCTOHYMBOH CH- 
CTHKa HEYCTOHYHBOM CHCTeMBI. cTembl (cM. ur. 12, 2). 


IIpeaqnoa0%KuM, 4TO paccMaTpHBaemMad 3aMKHyTaa AMHehHaA 
CHCTeMa ABHeTCH ycTOMUHBOH B pasOMKHYTOM cocTosHHA. JA 
TaKOH CHCTEMBl HMeeT MECTO CleRyIOWWHA usBeCTHBIA KpuTepHh 
ycTtohunpocTw Hafiksucta: 

Kpumepud ycmoiuusocmu Hatxeucma'). Ilycms S— 3am- 
KHyman cucmema, KOMOpaA ycmodiusa 8B paz0MKKHYMOM 
cocmonnuu.|Cucmenua S Oydem ycmoiiusod mozda u morsKo 
mo2z0a, Kozda npu o6x0de 3amKHymoi amnaumyouno-Ha3z060k 
xapakmepucmuku 6 OOHOM Hanpaszenuu noAznwd OxBam morKU 
(1, — 180°); pasex nya. 


1) YacTtoTHHH KpuTepul ycToiunsoctu, BBeAeHHEIK Haltkeuctom u 
BNePBLle HCNOAb3OBaHHHIK AA abadtH3a YCTOMYMBOCTH CHCTeM aBTOMa- 
THUeCKOrO peryaupoBaHua A. B. Muxaiaosyim, B HalleH aAMTepaType 
NIPHHATO Ha3blBaTb ,yKpuTepvem ycTodunpocth Haliksucta — Muxai- 
noBa".— []pum. ped. 





° 
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Cayyau, mpeactaBajenuble Ha dur. 20 u 23, coraacHo 9TOMy 
KPHTeEpHiO, COOTBETCTBYIOT YCTOAMYHBLIM CHCTeMaM, TOra Kak 
Ha cur. 22 u306paxkeHa XapakTepHCTHKAa HeyCTOMYMBOK CHCTeMbI. 
Cucrema S O6yeT HeycTOmMunBa, CCAM e€ XapakKTepucTuKa Npo- 
xouuT yepe3 Touky (1, — 180°). 

Kputeput yctofiuusoctd Hatksucta MOKHO BBIPa3sHTb H 
B 6onee OGUIeEM Bue, pacnmpocTpaHHB ero Ha CHCTeMbI, Hey- 
CTOMYHBbIe B P&a3OMKHYTOM COCTOSAHHH. 


PacueT pH NOMOUH aMIJHTYIHO-*asoBbix 
XapakTepHcTHK 


Jlaa mpaktuyeckoro ucnosmb30BaHHA KpuTepHA Haltksucta 
MOXKHO MpeACTaBHTb B CJleLyIOUleM Bue: 

IIpaxmureckui Kpumepui ycmoiuusocmu. Cucmema 
yomotiiusea, ecAu OHA UMeeM NOAONCUMEABHHLE 3anac ycmod- 

uusocmu no gaze. B npomus- 
melt HOM CAY4ae OHA Heycmoi4usa. 

OToT KputTepH npuroven 1A 
cucTemMbh!E S, KOTOPaH ABAAETCA 
,aOcomoTHO ycTohunBoh* [3], 
T. €.. KOTOPad ycTOhunBa Mp 
HeEKOTOPOM 3HaYeHHH KOdIppH- 
WHeHTa YCHJIEHHA HW HeEyCTOMYHBAa 
AA OOAbIIMX 3Ha4eHHA WAH KO- 
TOpan yCTOHY4HBa Mp BCeX 3Ha- 
yeHHAX KOSQ@DUUHeEHTAa ycHae- 
HMA. 

Yeenuyenne Kosdppuunenta 
YCHCHHA PasOMKHYTOH CHCTeMbI 
B Rk paz COOTBETCTBYeT NPOCTOMy 
YMHOXKeHHIO KaxKLOrO paluyca- 
BeKTOpa Ha MHOKUTeAb Rk. Ta- 


KHM OOpa30M, MOBbIMAA KOSH - 
Pur. 24. AMnauTy2HO-*a3z0Baa 
XapakTepHcTHka HeyCTOHUMBOH uMeHT ycueHa B10 pas B MpH- 


CHCTeMbI pw Gonbuiom Kosppu- Mepe peryAATOP —— ABMPaTCVIb 
WHeHTe yCHJeHHA. Ha dur. 20, Mbl moay4HM aM- 


NAUTYLHO-asoBylO XapakTepu- 
cTuky, u306paxenHylo Ha cur. 24. Tenepb xapakTepucTuka 
oxBaTbipaeT TOUKy (1, — 180°) H, CaeOBaTeAbHO, 3aMKHYyTaA 
cuctema Heycrofunsa. TlyHkTupHad “acTb kKpuBoh Ha dur. 24 
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WCKaKeHa 30eCh LAA TOTO, 4TOOLI MOKa3saTb, 4TO KPHBaaA acuM- 
NTOTHYECKH CTPCMHTCA K BEPTAKaAbHOM ocu. BunaHo, YTO 3amac 
mo dase OyseT oTpuuaTerbHEIM. 


AMIAKTYAHbIe H asoBnle Kpyroshie AHarpaMMbl 


[ipa momMomaM BCnOMOraTeAbHEIX KPUBEIX YacTOTHHe Xapak- 
TePUCTHKH B4MKHYTOM CHCTeMbI, MpeCTaBAeHHBIe Ha mur. 10 
MOKHO MOAYYHTb HeNOCpeAcrBeHHO 0 AMIIHTY LHO-cbas0Bott 
XapakTePWCTHKe pa30MKHy- 
TOH CHCTeMBI. 

Ilyctp M— ornoumenne 
aMNAMTy A 3aMKHyTOK CHCTeMbI 
(cm. dur. 10, roe r — Bxon- 
HOM CHrHan, a C— BbIXO;). 
MO>KHO NoKa3aTb, 4TO KpuBble 
NOcTOAHHBIX M (,kKpusuie M*) 
NpeACTaBAMOT COOOK oKpyx- 
HOCTH Ha MAOCKOCTH amnun- 
TYAHO-ca3sopoh xapaxrepu- 
CTHKH, KaK MOKa3aHO Ha 
pur. 25. Amnautyauo-dazo- 
Ban XapakTepucTuka, mpen- Pur. 25. Kpyrosue aMILIHTY JHE 
cTaBeHHad Ha cur. 20, no- *#Paktepuctuxu M, nanomenubie na 
CTPO€Ha Ha TOM Ke WMarpamme. Penigrenece Segoe aknpeoee 
IIpu yacrore, f=0,083 xapak- 2 
TePHCTHKa Nepecekaet KpuByio M = 1,5. Cnenopateabuo AA 34M- 
KHYTOM CHCTeMBE OTHOMIeHHE aMNAMTY AbI BLIXOa C K aMMAMTy se 
Bxota r mp f= 0,083 paso 1,5. 3ametum, uro MaKCHMaJIbHOe 
sHavene* M, aa ToueK Ha AMNJIMTY LHO-cba3z0Bon xapakrepuctuke 
paBuo 2,23. ‘Moxkvo Takke noka3aTb, 4TO ecan MaKCHMaJIbHoe 
3HayeHHe M)) ana aMIMIHTYAHO-asoBsoH XapaktTepucTuKy OynerT 
OueHb OoubuiuM, Hanpumep OyeT paBuo 4, To XapaKkTepucTuKa 
NepexOHora mMpouecca saMKHyTOM cucTemMH OymeT naoxott 
AmMmantTy HO-dbasoBan XapaKTepHcTuka, OM3Kaa9 K TOUKe He- 
ycrohunpocra (1, — 180°), naer seicoxue suayenna M,. 

Ecau M> 1, To oxpyxnocts M umeert paauyc " 


~270 








M 


| eeneeieen ee 


Ma—1! 
4 Sax 2366, 
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a WeHTp ee pacCnOJOKeH Ha rOPH30OHTaJIbHOK OCH Ha paCCTOAHHH 


M2 
MA— 1 


cieba OT Hayaia KOOP AHHAT. Ecan M= 1, To OKPY2KHOCTb 
CBOMHTCA K NpAMOKM AMHHH, OTCTOHULEH Ha 1/, cieBa OT BepTH- 
KaJIbHOH OCH. 


Econ M <1, To okpyxxnoctb M umeeT paauyc 


M 
] — M2’ 
a WeHTp ee pacnomowKeH Ha FOPHSOHTAabHOK OCH Ha paccTOAHHM 
2 
a ciipaBa OT Hauaja KOOpAMHaT. 


OGpluHO MpuMenseTcA Cuetyloulee pacdeTHoe nmpaBusio [12]. 
Ecau yactota, Mp KOTOpOK ZocTuraetca MakcumyM M, otTanuna 
OT HyAs, TO 97a “aCTOTa Ha3bIBaeTCA PpesOHaHCHOH uacTOTOH. 
Ecau mpu uyespoh uactote M=-1, To 3HayeHHe 4acTOTHI, 
npu KoTopoh M pnepsiie craHoButca paBuolt 0,707, HasbipaeTca 
wupuHOK NOAOCHL NponycKaxusn. 

IIpasuna paciema 5. Makcumaasnoe OmHOWenUe Aamnau- 
myd M, 3aMKHymod cucmeMbl OOAICHO Golmb mMeHbwe 2 
ge cpednem OoaacHo Ooms pasHo 1,3. Lupuna noaoctt npo- 
NYCKQAHUA UAL peZsOHAHCHAA “acmoma (ecAu OHA UMeemMch) 
CONCH ObLMb NO BO3MONCHOCMU OOALWUML. 

MatemMaTHyecKoOe paccMOTpeHHe MOKa3biBaeT, U4TO HH3KaA 
peSOHaHCHad YaCTOTA HAM MaJlad WMpHWHa NOOCcbl MpomycKaHus 
XapakTepH3yl0OT MeeHHBIA mMepexonuo mponmecc. Llupuna 
HOJOCbI MpomycKaHHA (HIM pesoHalicHad YacTOTa) B MpaBuse 
pacueTa 5 OrpaHHyHBaeTCA TpeCOBalM4Mu NOMaBscHNA ,WyMOB“ 
MH PyrMMW yC/IOBHAMH. 

KpuBbie MOCTOAHHEIX CABHFOB (pas Id “YaCTOTHOM XapaKTe- 
PHCTHKH 34MKHYTOM CHCTeMbI ABASIOTCA OKPYXKHOCTAMH HM Ha3bl- 
BaloTcA (asOBbiM4 KpyroOBbIMH AMarpaMMaMH (,KpuBble N*). 

SamMeuaunne. Coraacno mpaBusy pacuera 5, nMyHKTMpHaA 
aMILIMTY Had XapakTepuCcTHKa Ha ur. 11 saBasetca Oonee npej- 
NOUTHTEJIBHOH, “EM XapaKTePHCTHKA, NPeACTABeHHAaA CIMOWHON 
KPpHBOH. 

Beauuuna M, caBa3ana c 3anacoM ycTofiunpocTtu no dase 
(cM. mpaBiio pacueta 1). IIpeanonoxum, uTo uactoTa cpe3a 
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pacnoo%*xeHa B TOUKe, re 3anac mo dase papen 30°. 3xHaue- 
Hue M B sTok Touke npwOausuTembHO pasHo 1,93, orkyaa M, 
paBHo no Kpafueh mepe 1,93. Koraa us36niTokK cash yMeHb- 
maeTca, BelMuHHa M mpm yacToTe cpesa yBeMunBaeTca. Takum 
oOpasom, ecu M, menbure 1,9, To 3amac no dbase GyaeT 
Ooubue 30°. Anantoruyno, ecan M,=1,3, To 3anac no dbase 
GymeT Oonee 45°. 


PekOMeHauHu OTHOCHTeJIbHO aMIJIHT YA4HO-(a3soBblx 
XapakTepucTHK 


OTHOCHTeEAbHO aMMMTYLHO-asoBbIx XapakTepuctuk Komnu- 
TeT NaeT Cieaylouywe peKOMeHAalluH: 

Pexomenodayun 5. Ha amnaumydouo-asosod xapakmepu- 
cmuke pexkomMexOyemcnA Oasams Oocmamo4noe 4ucnao mo4eK 
C OMMEMKOL LACMOMbL, YKA3ZIBAINIWUX CKOPOCMs uZMeHeHUA 
AMNAUMYOU U Has 8 3aBucCuUMOCmMU Om 4uacmomu. Henoad- 
308AHUC AMNAUMYOHUX U Has0snix Kpyzosux. Ouazpamm Ha 
OOHOM 2paguKe OOAHCHO Otlmb cBedeHo K muHUumMymy. 

PeKOMeHJall¥A OTHOCHTebHO MMHUMAJbHOTO MCMOAb30BaHHA 
KPyrOBbIX J\MarpaMM Mpediaraetca AAA TOrO, 4YTOOH u36eKaTb 
CKOMI€HHA Ha rpapvke CAMIWKOM OO/bWIOTO UMCa KpHBbIX. 

OGbluHO OOOsHa4alOT MepesaTOUHyIO PyHKWMIO pasoMKHyTOH 
CHCTEMbI B Bue Mponspenenua KG, rae K —xkoabduunent 
ycuenua cuctembl. Uacto OblpaeT Hey2OGHO ONpenenaTh K camo 
no ceOe H OTACIATh ero OT NepeaTOUHOK PyHKuHNH, OCOGeHHO 
NpH SKCNepHMeHTaNbHEIX HCCAenOBaHUAX. IlosToMy npeaaaraetca 
cle lywulee; 

Pexomendauua 6. Ilycm» G—nepedamouinaan ynxkyua 
pasomMKKymou cucmemo. L[laockocms amnaumyduo-asz0s0u 
xapakmepuicmuku npu nocmonHHomM KosghPuyuuenme ycuse- 
Hun K u mMuNOocuMmene G, 3aBucCAIWeM Om 4acmomn, DOADCHA 
oOo3Ha4amEcA KAK NAocKocms G (cm. Guz. 20), a ne KaK 
naockocms KG. 

IIpeabinyiuiee paccMOTpeHne aMMAMTyAHO-casoBo Xapakre- 
PHCTHKH ObIIO OFpaHHyeHO XapakKTePHCTHKAMH 34MKHYTHIX CHCTeM 
6e3 9eCMCHTOB B WemH OOpaTHOHM CBA3M, 3aBHCALMX OT 4aCTOTHI. 
Ilyctb G o6osHayaeT nepexaTouHyio cyHKunO Mpamow uactTH 
neTiu (peryiaTtopa wu oObekTa Ha dur. 19), a H—nepenatou- 
Hyi0 @yHKUMIO S/eMeHTa B Wenn OOpaTHOM cBasu. Torna GH 
ABIACTCA MepemaTOuHOK dyHKuneHh pa3s0MKHyTOM cHcTeMbl 


4* 
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(pur. 26). Kak yoke OTMe4aJOCb BHIIMe, aMMIUTyYAHaA XapaKkTe- 
pucTuka (B JOrapH@MMueCKMX KOOPAHHATAaX) pa3sOMKHYTON CcHu- 
CTeMbI MOAyuaeTCA CYMMHPOBaHHeM OPAMHAT aMMAMTYAHEIX XapaK- 
TepHCTHK MpaAMOM 4YaCTH CHCTeMbI H 97eMeHTA B Wenw OOpar- 
HOH cBa3H. AHaOrHuHO HW Aid PasoBOh XapakTepHCTHKH. 





®ur. 26. Cuctema c 9€MeHTaMH B NpAMOH 
WenH H B Wemu OOpaTHOH CBASH. 


IIpuH paccmoTpenuH ycTohaHBOCTH MOXKHO MpeACTaBHTb 
CHCTeMY TAK, KaK eC OBI BCe 9/IEMeCHTb! HaXOMMAMCh B NpAMOn 
len CHCTeMBI, Kak MOKa3aHO Ha dur. 27. Ho kpyroBble wnHa- 
rpamMa ,M* nu ,N*“ 8B 3TOM Cay4ae He ONpedeJAIOT aMMJn- 
TYDHYIO HW PasoBylO XaApaKTePHCTHKH 3aMKHYTOK CHCTeMBI, Nped- 
CTaBeHHOM Ha dur. 19. Onnako, UCNOAb3yA NMpWBeeHHbIM BbILUE 











OCavekm 
PECVYAUPOBOHURA 


ACMCHIT 
oopamuou 
CONIU 









Peayanmop 


®ur. 27. Cuctema dur. 19 c 9femeHTOM O6paTHoH 
CBH3H, M@peCHeCeHHbIM B MpAMYIO Lellb. 


KpuTepHi waa MakcumyMa M, MOMKHO paCCuMTaTb 9JI@MeHTHI, 
paccMaTpuBaeMble B Banaue, TAK, YTOOK! OOeCteyHTb XOPOUylO 
ycTOHYHBOCTh aA ycTpofctsa, moKasaHHoro Ha dur. 27. 
Cuctema, moka3saHHaa Ha dur. 19, OyaeT TOraa TOxKe ycToH- 
uHBOH. OgHakO UaCTOTHBIe XapaKTepHCTMKH AByX CHCTeM He 
GOynyT COBMawaTb. OTO MO%KeT MMeTb 3HaYeHHe TaM, rye Heoo- 
XOAMMO, UTOOKI BLIXOD C OCOG6eHHO TOYHO Ce0Bal 3a BXOJHBIM 
CHrHaJIOM f, KaK HanpvHMep Mp HaBOLKe 3eCHHTHBIX Opyani. 
TakuM OOpa30M, MBI B JlaibHefiiem KOHICHTpHpyeM CBoe 
BHUMaHve Ha peaKUMH CHCTeMbI C Ha BXOJHOM CHrHan r. ITO 
OOCTOATeLCTBO HMeeT MepBOCTeNeHHOe 3HAYeHHEe Np MpoeKTH- 
pOBaHHU CeAMNX cucTem. TIpw OObl4HEIX MpHMeHeHMAX pery- 
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AATOPa ycTaHOBKa peryAATOPpa MPHHHMaeTCA NMOCTOAHHOM HAM 
TIDHMePHO ‘MOCTOAHHOM H CHCTeMa MOXKET MOMBEpraTbCa JIMWIb 
AReACTBHIO BOSMYLUCHHM, MpHIOXKeHHEIX He K peryaaTopy. Tako- 
BLIMH 4YaCTO ABJAIOTCA BOSMYLeHHa Harpy3KH. Tlepenatounan 
(yHKUMA OTHOCHTeAbHO Harpy3kH Lu BHIXOLa C OyAeT, BOOOILE 
rOBOpA, OTMYaTbCA OT NMeperaTOUHOK yHKuUNH, OTHOCALMefica 
K MepeMeHHBIM 7 WH Cc. OAHaKO mpoOs1ema ycTohunBoctTu ocTaeTca 
TOH »e camo. TakHM O6pa30M, BMeCTO HCCAeOBaHHA XapakTe- 
PHCTHK 34MKHYTOM CHCTeMbI MIpH CHHYCOMMaNbHbIX KONeOaHHAX 
Harpy3KH Mbl paCCMATPHBa4e€M PeaKILHIO CHCTeMbI Ha CHHYCOH- 
laIbHble KOeOaHHA YCTAHOBKH perysTopa. BO3MO%KHEI, KOHEYHO, 
cayuaw, KOrMa pacueT4HK MOmesaeT HEMOCPEACTBeEHHO HCCeL0- 
BaTb peaKUHIO CHCTeMH] Ha KOIeOaHHA Harpy3KH. 


O6patTune xapaktTepuHcTHKH Haiiksucta 


AMIJMTYAHO-cpa3z0Bad XapaKTepHCcTHKa ABAeTCA rpadHKoM 
mepemaTouHoh yHKuMH pasOMKHyTOM cucTtemnl G. O6Opatuan 
XapakTepucTuka Hafiksucta aBaeTca rpapukom OOpaTHou nepe- 
nmaTouHonk d@ypykuun 1/G B noAApHHX KOOPAHHAaTAaX H MOsyuaetca 
cnenyioulum oO6pasom. Beanunna paaquyca-BekTopa TOUKH OOparT- 
HOH xapakTepucTHKnH Hafiksucta paBHa aMIinTyae BxOa pa30mM- 
KHYTOM CHCTeMBI, WeeHHOM Ha aMIMIMTYAy BbIXOLa (OTHOWIEHHE, 
o6paTHoe TOMY, KOTOPOe NpHMeHAeTCA AAA AMMAMTYAHO-casoBon 
XapaKTePHCTHKH), a dasoBbifi yron paBHAeTCA asoBoMy yray 
NpaMOH aMMAMTYQHO-*asO0BOHh XapaKTepHCTHKH C OOpaTHBIM 
3HaKOM. 

Taa cayyan nmpoctoh o6paTHom caa3v cuctemp! Ha dur. 10 
oOpaTuaax XapaktTepucTuKa HafikBucTa 11a 3aMKHYTOM CHCTeMbI 
(CBASbIBaIOLaA rf HM Cc) MOAyYaeTCA NPOCTbIM CMeLLeHHeM TOUeK 
OOpaTHOM XapaKTepHCTHKH PasOMKHYTOM CHCTeMbI. TaKuM OOpa- 
30M, OOpaTHad aMMMTYAHO-Ga3z0Bad XapaKTepHCTHKA MO3BO.IACT 
qerkKO y4eCTb XapakTePHCTHKH 9/IEMCHTOB B enw OOpaTHok 
CBA3H. OTH cooOpaxkenus, a TakxKe OCOOad HarAAAHOCTb OOpaT- 
HBIX XApaKTeCPUHCTHK B HH3KOUaACTOTHOM OOACTH YaCTO MemaloT 
HX yHoOubIMN B paOoTe. OOpaTHad xapakTrepuctTuka Haftksucta 
aid mpuMepa peryastop— asuratenrb (dur. 20) moka3ana 
Ha dur. 28 cnhaowHoh kpuBsokh. UnTatenb MOMKeT BULeTb, ITO 
KPUBaA pacnonoxKena BLUE KPUTHYeCKOf TOUKH (1, 180°), a He 
HWKe, KaK B Cjyyae mpaMOM xXapaktepucTukuH Hatksucta. 
Ha dur, 28 crpenkoH yKasaH sanac ycTofyuspoctu no dase, 
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SE A — rE A Ne 








et 


Jaa ycTOHuMBOCTH CHCTeMbI TpeOyeTca, yTOOBI 3anac Mo daze 
Ob MOMOKHTeCH, T. €. UTOOL! KPHBaA MpOXOAW/a, KaK MOKa- 
3aHO, BbILIe TOUKH (1, 180°). OOparHan xapaktepucTuka 3aMkny- 
TOH cCHCTeMbl H306paxena Ha qhur. 28 nNyHKTHpHOK KpuBol, 
MOAYYCHHOH CMeLICHHeM KAaKTOH TOUKH CHOWHOK AMHHH Ha 
elHHMLy Bipaso. Jia cayuad MpocToh eWHHYHOK OOpaTHok 
CBA3H 3TO CMeLeHHe ONpeleiseT XapaKTepHCTHKY 3aMKHyTOH 
CHCTEMbI Yepe3s XAPaKTEPHCTHKY Pa30MKHYTOM CHCTEeMbI. 





50 
F=0,2 
——n — af=01 7; ™ 
-—-~~ 3ganac no = be 
(1, 180°) 0 


rs ieee eee! 


270 


Pur. 28. O6OpaTHaad aMIIUuTyAHO-(a30BaA XapakTe- 
PHCTHKA JIA CYYaH CHCTEMbI pery1ATOp — ABuraTewb. 


Ha dur. 29 mpusenenst oGpaTuble XapakTepucTuku Haii- 
KBHCTa Jia dusuyeckoH CHCTeMbl C MepewaTouHOH dyHkuueh 
npsmoi uenu G uw nepenatounok dynkuneh wenu oOpatuot 
caasu HY (cm. cur. 26). 2KupHas kpusan, OOo3Hauennas 1/Q, 
aBAdeTcH OOpaTHOH xapakTepucTuKOH Hafiksucta Aad MmpsmMok 
WenH CHCTeMbI, a TOHKaA KpuBas, OOO3HaueHHan H, ecTb mpamaa 
AMILIMTY AHO-cha30Bad XapakTepUCTHKAa 91eMeHTAa OOpaTHOH CBABH. 
Touku, O6O3HaNeHHbIe yepe3 A u B, ABAIOTCA TOUKAMM OJMHa- 
KoBOH vacroThl f Ha KpuBEIxX Hu 1/G cooTBeTcTBeHHO, NMpHuem 
f= 6,28. Craanpipaa Bextoppt OB u OA, Mbi NOAyUHM TOUKY 
oO6patHoh xXapaxtrepucTukw Hatiksucta 3aMKHyTOM CHCTeMbI. 
MlonyuenHad TakuM O6pa3z0M WITPUXMYHKTHPHad KpMBaA ABAAeTCA 
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oO6paTHoh aMMAHTyDHO-das0Boh XapakTepHCTHKOM 3aMKHyTON 
cuctembl (cM. dur. 26). 

OG6patuble Kpyrospble xapaktrepucTHuku M sapasioTca KOHILeH- 
TPHYeCKMMH OKDY?KHOCTAMH. PaccTosnue OT Havana KOOPAHHAaT 
LO TOUKH Ha OOpaTHOH XapakTepHCTHKe 3aMKHYTOM CHCTeMbI 
papHo npocto 1/M aaa oTrHoulenua amnantya M, Halennoro 





(1, 180°) 


x 7, —— 
, f= 6,26 $f =1,26 


970 


Pur. 29. O6paTHaa aMMAnTyAHO-a30BaKg XapakTe- 
PuCcTHKAa. 


aa mpaMmoK xapaxtepucTukw Hafiksucta (BbIXOMHaA aMMAMTY a 
6OAbue BXOZHOM). OOpatuad MepemaTounad yHKLUA AAA 3aM- 
KHYTOH CHCTeMbl PaBHa NMpoOcToO CyMMe 


l 
+H. 


Pexomendayua 7. Ilycme G u H—nepedamotase gyax- 
Yuu COOMBEMCMBERHO NpAMOH Yenu u Yenu OOpamHod cBAZU 
samKknymol cucmemo. Ha 2paguxe o6pamuoi amnaumydno- 
ga3s0soui xapakmepucmuku maxouk cucmemol Kpusble OAA NpA- 
Mou u O6pamHoi “acme cucmembl OOANCHEL O6O3HALAMECA 
coomsemcmsenno Kak 1/G u H (cam. Guz. 29). Hcnorvz0sanue 
Kpy2osux xapaxmepucmux M dOoAdncHo OblmMb MUHUMAADHOLM. 
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~ -+ ren — oe yA I 
A + nit ce ~ e, —— ie tee ar are ee ner 


JlorapH@MH4ecKad aAMNAMTYAHO-Ppa3zoBad XapakTepuctuKa 


Ec MO BepTHKatbHOH OCH OTAOXKHTh OTHOWICHMe aMNaUTYy 
B AOrapH@MH4yecKOM MacluTaOe, a NO FopH30lTaIbHOH ocu — 


100 


Omuouwiexue amnaumyd 








0,01 
~280 -260 -240 -220 -200 - 180 -140 -120 -100 -80 -60 
Pasocuitlt yzon, epad. 


Pur. 30. JlorapupmMuucckan aMnaAUTyAHO-cba3o0Baa xa- 
PaKTePHCTHKA MAA Cly4ad CHCTEMbI peryATOp — ABH- 
raTeJb. 


a3soByle yrabl B AWHEHHOM MacuTaGe, TO NOAyunM AOrapudMu- 
YeCKY1O aMIIMTYHO-casosylo xapaxtepuctuky [9]. [Ipumenenue 
TaKOM XapaKTePHCTHKA MaeT CenyioulMe MpeumMyLllecTBa: 

a) JorapMMuvecKwe rpaduKH aMNAUTyYAHEIX UW asOBblx 
YaCTOTHBIX XAaPaKTEPHCTHK, PeKOMeHAyemMble B 9TOM CTaTbe, 
MOMKHO HEMNOCPeACTBEHHO MpeoOpasopaTbh B sOrapHdMuyuecKylO 
aMINJUTYWHO-PazoBylo XapakTepucTHKy MPH MOMOMM WMpKy a9; 
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| 

6) MpoOwsBeqeHHA HeCKOJbKUX  COCTABARIOWMX 4acToTHOtt 
XaPpaKTe€PHCTHKU MOXKHO 34MeCHHTb rpa*HyecKHM CyMMHpoOBaHnem, 
H, TaKHM O6pa30M, JerKO BHACHHTh BAHAHHE OTMENBHEIX cocTa- 
BAAIOWHX Ha NOMHY1IO XapaKTepHCTHKy CHCTeMHS; 

B) AOrapHpMu4ecKad aMMAMTYQHO-cbasoBad XapakTepucTuKa 
NOSBOAACT |M3MCHATh YCHACHHe PasOMKHYTOM CHCTeMBI MpOCTEIM 
M€peHOCOM XapaKTePHCTHKH BBepx uM BHH3. V3menenue ycu- 
AeHHA HE BAMNeET Ha asOBHI yroa, KaK 9TO MMeNO MeCTO AAA 
aMIIIMTY HOM XapakTepUuCTHKH B AOrapHdMMueCKHX KOOpAMHaTaX. 
OG6bIuHO Af M3MeHeEHHA YCHAeHNA CHCTeME! MepemelaloT BBepX 
HIM BHH3 HaJOKeHHbIe Ha AOrapHpMH4eCKylO aMMITYAHO-(a30- 
BylO XapaKTepHCTHKy WaOAOHbI C KpyroBbIMM AMarpammMamu ,M“« 
HN“. , 

Jlorapudmuyeckad = aMnuTyaHO-cba3oBaa xXapakTepucTuka 
HMeeT HeKOTOpble HeyOOcTBa, SakT0UAIOULMECA B TOM, YTO Kpy- 
Topple AHarpamMpl ,M“ He ABASIOTCA OKPYXKHOCTAMM H, CrenO- 
BaTCJIbHO, MA UX MOCTPOeHHA HeOOXOAMME! OCOOHIe Mpucnoco- 
OneHuaA WAH wa6r0HB. [Lad mpumepa cucTeMbl peryaTop — 
ABM aTeAb, | MOKA3aHHOM Ha dur. 11, sorapudmuyeckas amnau- 
TYAHO-ha30Baa XapakTepucTHKa MpuBezena Ha cur. 30. 

Pexomendayun 8. Pexomendyemca seuepiusams nrozapug- 
MULECKYIO AMNAUM yONO-ha308 y10 xapaxmepucmuxy, omKaa- 
Oba NO BepmuKaAbNod ocu OmNOUeHUE amnAumyd 6 2O02zaQa- 
pugmurecKkom macuma6be, a no 2zopuzonmansnod ocu — ga30- 
BE Y2AW (8 2padycax) 8 AuNetiHOM mMacumaée. 


Mepexatounpe PynkuHH 


[Tpeanoaoxum, 4To cusnueckaa Cuctema S HaXOMUTCA B NOKOe 
MO MOMeHTA BpemeHH ¢ =). IlycTb B Moment f =O kK cucteme S 
NpHKalbiBaeTCA BXOAHOH CurHan m(m=0 npu t< 0). O60- 
3HauMM BBIXOJHOM CHrHad cucTembl S yepe3 c WH npexnonroKu, 
TO CYHIeECTBYIOT MpeoOpasopanun Jlanaaca oT m UC. 

ITepedamounod ynkyuei cucrempt S Haspipaetca uactnoe 
OT eneHHA NMpeoOpasosanna Jlannaca BEIXONHOrO CHrHaaa Ha 
npeoOpasopanue Jlanaaca BxoaHOrO CHrHana Mp yc0BMN, 4TO 
9TO YaCTHOe CAMHCTBECHHO. 

PexomenOauun 9. Hesasucumyo nepemennyw nepedamor- 
Nok PynKyuu caedyem ob6o3snarame wepes s. To2zda nepeda- 
mo1nan ynkyua G(s) Asanemca PyxKyuei KOMNACKCHOZO 
nepemennozo's. IIpu haxrmurecnux pacuemax s donno Cums 
3GMEHEHO HA ju, 
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PekOMeH]alLHH OTHOCHTCbHO NpeACTABACHHA JAHHbIX 
H3MepeHHi 


TIpH sudope dopmbl npeAcTaBAeHHA auHbIX H3MepeHHA 
YaCTOTHBIX XAPAKTeEPHCTHK PeKOMCHAYeTCA YUHTHIBAaTb OOUWNA 
YPOBeHb NOAPOTOBKM CHeWHa/IHCTOB. 

TIockoubKy TpeOyeTca COCpeMOTOUNTh BHHMaHHe Ha CTPyK- 
TYPHOH cxemMe H3y4aeMOW CHCTEMBI, HEKeMaTeCAbHO Meper py kKaTb 
ee H3AIMIWHMMH eTanaMH. ECaAW MpHMeHe€TCA OTHOCHTCAbHO 
Mmpocrad W3MePHTebHaA almapatypa, €e@ MOXKHO yKa3aTb Ha 
CX€Me€ C MOMOLMbIO CieWHaAbHbIX OOO3HAYCHHA, OTHUHBIX OT 
OOo3HaveHHH, MPHMECHSeMbIX JA 91CMEHTOB CHCTeMBI, HU C MO- 
MOLIbIO MYHKTHPHBIX AHHH, yKaSbiBalOlwWMX PeaJIbHbIe HU 9KBH- 
BAAeCHTHbIe IWeMH H3MeEPHTebHOM CHCTeMbl. ECM H3MepHTerbHOe 
OO6opyMOBaHHe C/IO%KHO, MOMKHO MOBTOPHTb MpOcTy!o Cxemy, 
yKa3aB Ha Heli U3MepHTeAbHYy!O CHCTeEMY MYUKTHPHBIMM JMHMAMH. 
OnucaHwe MpHMeHseMOM HM3MePHTeAbHOM CHCTeEMbI MOXKHO aTb 
B TaGAHYHON cdopMe B TeKCTe HAM Ha OJOK-CXeMe H3MePHTeJb- 
HOfi CHCTeMbI. OGBINHO 9TH JaHHble BK UOUaIOT CjleRyloulee: 

a) BxoONOH UMNeOAaHC UZMePHTeAbHOH CHCTeMLI B MeXaHy- 
YECKHX HAM QCKTPHYeCCKHX eCRHHHWLAX HM ero coMmocTaBenne 
C HMMe€2aHCOM OCHOBHOM CHCTeMbI B TOUKaX H3MepeHHsA; 

6) “yscmeumerbHOcmb BxXOO— BbLXOO M3MEPUTeAbHOK CH- 
CTEMbI B WeOM HAH MO OTCbHBIM €€ 9/ICEMCHTaM; 

B) SKBUBAACHMAYIO CXEMY U3MEPUMeABHOH CucmMeMbL, ee 
4ACMOMHYIO XApAaKMepucMUKY WAM Ce NOCMOAHHYIO BPeMeEHA, 
eCIH Oa CyliecTByeT. 

CaenyeT oOpaulaTb BHUMaHHe Ha TO, YTOObI METObI H3Me- 
PeHHA, TIPHMCHACMbIe IA MOAyYeHHA “YaACTOTHBIX MaHHbIXx: 

a) o6ecNeuHBaIM BOCNPOH3BOAMMOCTb JaHHBIX; 

6) MO BO3MO2%KHOCTH He HCKaxKad ,UCTHHHOKS vacTOTHOn 
XapakKTepHCTHKH; 

B) B Cayuae WCKa@KeHHA ,HCTHHHOH“ GacTOTHOK XapakrTe- 
PUCTHKH MO3BO/AIM BBECTH COOTBETCTBYIOULyIO MonmpaBKy; 

r) Mp HeBOSMOMKHOCTH BBeCTH MOMpaBKy OMyCKaaAW Kaye- 
CTBeCHHYIO OLWeHKY BAMAHHA MeTOOB U3sMepeHHaA. 

CuenyeT coo6ulatb Takve CBeACHHA, KOTOPble 1au ObI BO3- 
MOXKHOCTh HEMOAPOTOBCHHOMY YHTATENO COCTABHTb CeOe Kaue- 
CTBeEHHOe MpescTaBleHve O 3HaYeHHH M3MePUuTeAbUOH CHCTeMbI, 
a CHeWHa/MCTY NO3BOANAM Obl CheaTb WH KO.IMYeCTBEHHbIe OLeHKH. 
ua 9TOrO HEAOCTATOUHO OFpaHHunBaTbCA TaKMMM OOULMMH op- 
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MY JIMpOBKaMH, Kak ,CTAHOK JIA HCMbITaHHA MpPOBOJIOKH Ha yCTa- 
AOCTbh THMa  Bpalilaioulefica onopbi“, ,AMHeMHbIN aKCeepOMeTp 
C WHpoKOH momOcoH MponycKaHHa* WAM ,XapaKTePpHCTHKa CH- 
CTeMbl He HMeeT 3aMeTHOTO 3aMa3zabiBaHHA*., OHaKO CJIMLUKOM 
NOApO6uble MaHHble Towe He TpeOyloTca. Hao pyKOBOACTBO- 
BaTbCA COOOparxKeHHAMH 31paBoro CMbICa, NpAcnoca6amBad ONNCA- 
HHe€ K OCHOBHBIM MPHMCHeHHAM CHCTeMBI; CleqyeT, MO BO3MOXK- 
HOCTH, OTMe4aTb Tpeweibl MpHMeHeHva mpHOopoB Hu BAMAHHE 
HEKOHTPOJMpyeMbIX GakTOPOB OKpy>Kalolleh cpelb. 





JIONOAHHTeAbHbIe peKOMeHDalHn 


B yacTOTHble aHHHe JO.DKHbI ObITh BKIOUCHEI Npenerb aA 
BXOJHBIX CHIH@IOB, NPH KOTOPHIX MaHHble JIMHeCHHBI, a TaM, re 
3TO BO3MOXKHO, CleLyeT yKa3aTb SKCNECPHMeHTAJIbHbIe HAM TeO- 
peTuyeckHe O4eNKU HeAuNedinocmu. BooOule ecu amnauTy.HaA 
MH (pa3s0BaAd XapaKTepHCTHKH DAA OObUIMX HW MaIbIX aMMANTYD 
CHHYCOMAaIbHOrTO BXOZHOTO CHrHada OMHaKOBLI, TO Mmpotlecc 
MOMKHO paCCMaTPUBaTb Kak JIMHeMHbIM, MO KpatneH Mepe BOsn3u 
usMepseMOHM TOUKH. Ecam o6sacTb «MHeHHOCTH HeW3BeCTHA, TO 
HeOOXOAHMO JaTb NOApOOHOe ONNCaHWe 9KCMepHMeHTabHOh 
yCTaHOBKH. 


Cayuau, Koraqa KpuTepnHit pacyeta HecnpaBelJHB 


Moxet cayyvTbca, 4uTO MpHMeHseMEI O6bluHO KpuTepHi 
YCTOHYMBOCTH YOBeTBOpHeTCA, a CHCTeMa MIPpH 9TOM MPaKTH- 
yecKH HeycTohunsa. Ja MaATIOCTpaluu Takoro Cay4uaH paccMo- 
TPHM TepeaTOUylO MyHKUMIO PasOMKHYTOM CHCTeMbI BULA 


0,486 
G= atoasy1° (1) 
Ilyctb cucTema UMeeT MpocTylO eAMHMYHYIO OOpaTHy10 
cBa3b. PyHKuua G xapaKTepH3yeTca Ce AYIOUMMH BeAM4MHaMH: 


M, = 1,34 mpu o, == 1,2; 
gamac ycTofiuupocTu mo dase — 45°; 


gamac yCcTOHMYMBOCTM NO aMMAMTyle — oo. 
Shech , paBHO 2m X (pesoHaHcHad YacTOTa). KopHu ypaBHeHua 


1+G=0 (2) 
—0,15 1,21/, (3) 





p aBHbI 
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Yutatetb, 3HaKOMbIfi C METOJOM HCC/ieOBaHHH ycTOMYMBOcTH 
NO KOPHAM XapaKTePHCTHYECKOFO ypaBHeHkA, Cpa3sy yBUAUT, TO 
nNepexoHbBIA mpowecc OyeT CHAbHO KONeOaTeAbHBIM, TaK Kak 
KOSPPHUMEHT MpH MHMMOM uacTH (1,21) HamHoro Goabme 
BelecTBeHHOM yacTH (0,15). pu yuactuu apTopa 9kcnepumen- 
TaNbHO YCT@HOBJeHO, YTO eCH BelleCTBEHHaA YaCTb Magna m0 
BemunHe, HampHMep pasHa 0,1, a kosdduunent npw munMott 
yacTH MpHMepHo B 10 wan Gonee paz npeBbiuiaeT BellecTBeH- 
HyiO “aCTb, TO CHCTeMa MpakTHYeCKH HeycTOMunBa. STO uMeerT 
MeCTO MPH pery/IMpOBaHWH CKOpOCTH jBHraTewsA. 

B nacTosiem MpuMepe HapylleHo MpaBuao pacueta 2, no- 
CKO/IbKY HaKJIOH JOrapH@muyeckon aMNAHTy AHOM XapakTepHCcTHKH 
MmpH uacToTe cpe3a NpHOnM3HTeAbHO paBeH — 4, Kak noKa3aHo 
Ha dur. 12,a. Onnako amo npasuao 6btao BBeceHo mousKo 
Oan moz0, umo6bsl ObOecnerums Oocmamo4nmi 3anac ycmoi- 
1uB0cmu nO ghaze, YTO M UMeeT MecTO. TakuM O6pa3oM, ydo- 
BAemBOpeHue Kpumepun ycmoiirusocmu ne ob6ecne1usaem 
docmamo41nok ycmoiiuusocmu uau Oocmamouxno xopowezo 
nepexooxoz20 npoyecca, HO MOXKeT MOMOYb AOCTHUb UX. 


Poab 4acTOTHOrO MeTONAa 


YacroTupif MeTOA mosyyH wWHpoKoe pacnpoctrpanenne 
B OO1aCTH aBTOMATHYeCKOrO pery.MpoBaHHa OTYACTH NoOTOMy, 
UTO MHOFHe HWKeCHEPEI yallle MpeANounTaioT MMeTb eNO C rpa- 
(buyeCKHMH KDHBbIMH, a He C aareOpanueckumu cbopMyzaMH 4H, 
Kak MpaBH10, M1OXO 3HaKOMEI C nmpocTefiuuMuH MeTonamnH [14] 
peweHua anreOpanueckux ypaBHeHuft BHICOKorO Nopaaka. Tam, 
re 3TO BO3MOXKHO, KeMaTeIbHO MOCTPOUNTb AeHCTBUTeAbUHBIA 
MepexOAubIh Mpowecc WIM MO Kpafthefi Mepe HalitH KOpHH 
XapakTepucTHYeCKOrO ypaBHeHua. Ilo pacnoaoxKeHulo 3THX KOp- 
Hef MOXKHO CYAHTb O TOM, KaK OyleT NpoTekaTb mepexonubltt 
mpouecc. IIpH HanwuHH MOMenUpywoUlero ycTpoticrBa 3anaua 
onpeteenHaA MepexOAHOrO Mpowecca 3HayMTeAbHO yNpoulaerca. 

Hilupokoe mpaMeHenne aaa pemenua aareOpanyeckux ypas- 
HeHHM Hallet B HaCTOAULee BPeMA METO KOpHeBOrO rosorpada 
Osanca [15]. Tlono6uo uactotuomy mMetoay pacueta, 9TOT MeTON 
HMC€T TOT HEMOCTATOK, YTO HEOOXOAMMO rpaduyecKoe NocTpoe- 
HHe KpuBbIx. Bce MeTOABE pacueTa CHCTeM aBTOMaTHYeCKOrO 
peryMpoBaHus, 'OCHOBaHHbIe Ha MpHOaWKeHHEIX rpadwyeckux 
NOCTPOCHHAX, @ TaKKE HA MPHMeHEHHH MOREE, HMEIOT TOT 
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HEMOCTATOK, |4YTO Pe3y/JbTaT MOXKHO NOAYYHTb TOAbKO 11d KOH- 
KpeTHOrO “HCeHHOTO Cayyan. TouHbiA uw 6bicTpbi pacueT yacTo 
MO?KHO BHINOJHATb JAMUIb Mp NOMOULM MaTeMaTHYeCKUX copMy1 
C OYKBeHHEIMH OOO3HaYeHHAMH Jd HEKOTOPHIX KOHCTaHT. Ho a8 
sToro Tpe6yeTca 6onbuloe KOAHYeECTBO MATeCMATHYeCKHX BHK/a- 
nok. B geficrsuTeabHocTH o6a MeTOJa— aHanuTHYeCKHA UM 4H- 
CAeCHHBIM — HeOOXOAHMH Mpu aHaM3e CHCTeM aBTOMaTHYeCKOrO 
peryjupoBanna. 

Zina cnewwanucta B OOaCcTH aBTOMAaTHYeCKOrO peryaHpoBa- 
HHA C XOpOWeh MaTeMaTHYeCKOH NOAFOTOBKOM yaCcTOTHBIA MeTON 
MpeLOcTaBAdeT OObWIHe BO3MOXKHOCTH B IIPHMeCHeHHH K HeJIH- 
HeHHBIM mpoOmemaM, rae oOObIuHbIe anreOpanwuecKwe MeTOJBI 
Hempuroaubt [16]. [Ipumepom moryT cay2KuTb 342a4M C HaCblule- 
HHeM, THCTepe3HcOM, NMepeMeHHHIM AeMMupOBaHHeM HT. J. 
Hicnomp30panve YacTOTHOTO MeTOa AAA aHanv3a HeEOLeCHHMO 
B TOM OTHOUICHHH, YTO YaCTOTHHI€ KPHBble YaCTO YKa3bIBalOT Ha 
(pakTOPLl, KOTOPbIMH He/Ib3A MpeneOperaTb B WaHHOM 3amaue. 

YacToTHn MeTO. OCOOeHHO NOe3eH Aid HAYMHAIOWUUX HCCe- 
HoBaTeteH Onaromapa TOK CBa3H, KOTOpPaA CyuleCTByeT MexKAY 
YaCTOTHBIMH ‘XapaKTePUCTHKaMH HW MepexOHbIM Mpoueccom u3u- 
4ueCKOH CHCTeMbI [7]. | 








NPHJIOMKEHUHE 


Ziad NOACHeHHA HCMOAb30BaHHA NMepeaTOUHHX PYHKUHH B CO- 
CTABJCHHH PaCYeTHEIX MpaBH pacCMOTPHM NepenaTouHyio *yHK- 
WHIO pasOMKHYTOM CHCTeMbI CleAyIOWlero Bula: 

| , 
a1: C 
re @ W R— BelleCTBEHHBIe MOAOMKHTeAbHEIC NOCTOAHHHIE, MpH- 
uem a@< 1. B 9TOM cayyuae aCHMNTOTHYeCKad aMMAMTyAHaA 
XapakTepHCTHKAa COCTaBeHa H3 TpeX NPAMOAHHEMHEIX OTPe3KOB 
Cc HakKionamH — 2, —1 Hu —2 cooTBeTCTBeHHO (cM. cur. 14). 

OtHowenue amnautya, R Aaa sTOM nepenaTouHOh myHKWMH 
OyleT 


21 wt 
eee AE al . (5) 
w2 V1 + w 
OtHoumenve p seanunHb! R mp wa K BeanunHe R npu 
= 1 OyneT paBHo 9 


P= ara” 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


62 P. Onbdenbypeep 


ernst el AP er Ph Sp 


XapaKkTepucTuyeckoOe ypaBHeHHe 3aMKHYTOM CHCTeMBbI HMCeT BUA 
x? + x? +4-kx + ak = 0. (7) 


AnreOpanuecknh kKputTepuHh ycrotunsoctu [6] tTpe6yer, 
uToOn 1 >a. Jaa 3nayenwf a, Oum3Kux K eAMHMUe, Hanpu- 
Mep a= 0,0, KOPHAM Mpedbllyulero ypasnenua OynerT coor- 
BETCTBOBATb C/IMUIKOM KOJeOaTebHBIh Mepexonun mpouecc. 

Ana a==0,0 umeem p= 3,2. lan a=0,2 p= 9,6 u Kopnn 
MatoT YAOBJETBOPHTebHBIA Mepexonubi mpouecc. Tlostomy 
mpaBwAO pacueta 3 peKOMeHAyeT BEIOUpaTh p> 5. 
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2. OTHOCHTEIbBHAA YCTOAYHBOCTb 
S3AMKHYTbIX CHCTEM 1) 


M. Kep6u u J. Bomaponne 


Baenenne 


paduyeckoe n300paxkenne NepelaTOuHEx PyHKWNA WMpOKO 
MpHMeHAeTCAH TPH ahasv3e WH CHHTe3e AMHeCHHBIX CHCTeM aBTO- 
MaTHUeCKOroO. peryrupoBanna {1—3]. [pacuk cpaBHuTesbHO Mpo- 
cTOH mepewxaTOUHOH yHKUHH ykKa3biBaeT Ha CBOHCTBa peaKILMu 
CHCTEMbI MW H30aBHeT OT HEOOXOAMMOCTH pellaTb Auddepenuu- 
aIbHOe ypaBHeHWe, yCTaHaBAMBalollee CBASb MeKAY BbIXOJHBIM 
M BXOAHbIM CHrHaiaMH WM BpemeHeM. Uactota npu NocTpoeHHu 
ABIACTCA HeBaBHCHMOH NepeMeHHOH, a HaHeCeHHad Ha rpacduK 
PyHKUAA NMOKA3bIBaeT OTHOWeHHe BLIXOMHOFO CHPHasa K BXOL- 
HOMY [IPH CHHYCOMJa1bHOM BXOZHOM BOSMeHMCTBHM UAW CBA3aH- 
HOe C HHMH NMpeoOpasoBannue. 

Ecau cucTeMa MMeeT COCpexOTOUeHHbIe MapaMeTpb, Tako 
rpam@uk aeT TPH BULA AHMOPMALMH OTHOCHTeALHO peakIlHu 
cuCTeMbI. B kayecTBe nepenaTouHOH dbyHKUMH OH XapakTepH- 
3yeT PeaKiLHIO CHCTEMbl B YCTAHOBHBUUeEMCA pe2xXKHMe Ha MepHo- 
AMYeCKHE BXOMHbIC CHrHabl HW paOoTy CHCTeMbI B KayecTBe CO- 
CTABHOTO 9/I@MEHTA CJIOMKHbIX CHCTeM. Kpome Toro, 9TOT rpaduk, 
OXBaTBIBAA WIM HE OXBATLIBAd KPUTMYeCKyIO TOUKy, XapakTepH- 
3yeT aOcOMIOTHYIO ycTOMUMBOCTb, WAM, HHAaYe ToBOpsA, NMpeleab- 
HOe MoBeweHve (BO3paCTaHHe WIM CMa) KOHeYHOTO yuacTKa 
nepexoAHOroO lmpomwecca cucTembl. Hakoneul, qopma rpaduka 
CBA3aHa C HaaJIbHbIM Y4aCTKOM Mepexoanoro Mpowecca CcH- 
CTeMbI, H Tpaduku NepewaTounOh dyHKWMH NMpHMeHAIOTCA AAA 
ONpeAeNeHHA TaK Ha3biIBaeMOH ,OTHOCHTeJbHOK YycCTOHMYHMBOCTH". 

T]ouatue nepenxaTouxoh dyHKuun naa yCTaHOBHBLUMXCA pe- 
KHMOB HM ONpeesenne aOcomoTHOK yCTOHYHBOCTH sABJIAIOTCA 
OOULCH3BeECTHLIMH; MpHMeHeHHe 9TOM MeTOANKH ObINO pacmpo- 
CTpaHeHO TaKxKe 34 Mpeebl CHCTeEM C COCpeAOTOUeHHLIMH 





) be day J, Beaumariage D.C., Trans. AJEE, Part I, 
72, 22—43 (1953 
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Pea Tt al A Ra oe eee 





Napametpamu [4—6]. Ho mero ONpeNeNeHHA OTHOCUTeAbHOK 
YCTOMUMBOCTH elle HEMOCTATOUHO paspaboTan. XapakrTepu3yloulue 
CHCTEMY BEJHYHHbI OOLIUHO ONpPeeeHbI HELOCTATOUHO "eTKO, H 
TOAKOBaHHe TpaPpukOB MOXKeT OBIT pasAHYHBIM. Hampunmep, acto 
CUMTAIOT, YTO ONpeeseHHe OTHOCUTeAbHOH ycrotuMBocTH Npous3- 
BOAHTCA Mp MOMOUIM HEKOTOpPOrO OOOOWLeHMA TOrO 2Ke CAMOFO Me- 
TOAd, NOCPEACTBOM KOTOPOrO ONnpeneasetca abcomotHaa ycToruH- 
BOCTb. OJHaKO HeNpaBomepHoe O6oOOuLeHHe ¥ pa3sBUTHe 3TOTO MC- 
TOAa MOryT NPHBeCTH K OWIMOKaM. Tako mpumep naetca Huxe, 
Kora PpacCMaTpHBaeTCA NPUAOMKeHHE OOBIYHLIX METOROB K MHOrO- 
KOHTYPHOH CyleaauleH cucTeme. 

B Hactosuef pa6oTe nokasano, Kak rpadukun OObIMHbIXx 
NepeaTounbix yvkuuA onpeneasor OTHOCHTebHy1I0 =yCTOH- 
YHBOCTH, NOCKOJIbBKY OHH B TO Ke BDCMA SBJIAIOTCA rpapukamMu 
npeoOpasopanua Jlannaca or HMIYAbCHOH NepexogHon yHK- 
uu. [IpeoOpasopanve Jlannaca ouenusaert BPpe€MeHHOH NMpomecc 
NYTEM CpaBHeHHA e€rO C AApOM NpeobpasoBanug e-8t — 9xcHo- 
HEHUMaIbHORK yhKunel, cBolictBa KOTOPpOH MOXKHO H3MCHATD, 
M3MCHAA BeHYHHY Ss. 

[Ipeo6pasoBanne ocymectBanetca NyYTe€M HHTerpupoBaHnaA N10 
BPEMCHH, MOy4eHHe ero erKO MpeACTaBUTb Kak (usnuecKkuh 
NpOWecc, B KOTOPOM HMEIOT MeO C MpOusBeeHHAMH, MuoUla- 
ARMM H APYTHMH BeAMYMHaMM, TeCHO CBASaHHBIMH C BpeMeHHOH 
peakiueH CucTeMbl. XOTA npeoOpasosanne Jlannaca ana peak- 
WKH ONPeAeAeHHOH CHCTeMBI MOyualoT uae C MOMOUIbIO ONe- 
PaTOPHOrO MeTOMa, YEM NOCPeACTBOM HHTerpupoBaHHa, TeM He 
MeHee Tpapuk MpeoOpasoBanna MoxKHO BCerna HHTepmpetupo- 
BaTb TIpH MOMOLIM NMpouecca HMHTerpupoBaHuA, cpaBHeHua H 
H3MCPeHUA. ITO MaeT BO3MOXKHOCTS YCTAaHOBUTS HeMOcpeACTBeH- 
HO€ COOTHOLECHHe Me@KAY pa3sv4HbiIMu§ cBolicrBaMu rpaduka 
npeoOpasoBanha WM CyUeCTBCHHEIMH CBOCTBaMH BpeMeHHOH KpH- 
BOK, He MCNOAb3yA MpOMexKyTOUHbIe warn x MOHATHA, TakuHe, 
Kak HallpHMep MJIOCKOCTh KOMMMeKCHOM YaCTOTH, pacnojroxKe- 
HHe NOMOCOB MH HyeH, dasa wu Apyrue WaHHHIe, OOLIUHO CBA- 
SaHHbIe C aHaN¥30M MepelaTounbix dbyHKUMA CHCTeMLI. 

He Menee cyilecTBeHHo u TO OOCTOATeEALCTBO, YTO MpHMe- 
HeHHe Mpeodpa3sopanua Jlanmaca Kak CpeCACTBa OWeCHKH He Orpa- 
HH4MBaeTCA OOBIMHEIMM Fpadukamu mepemato inbIx dynkuuh. Ero 
MOKHO HCNOAb3OBaTb WH aA Apyrux weve: 

1. B 60abuiuucTBe mpakTuueckux 3a0a4u B KayecTBe BXOJ- 
HBIX BeJHUHH (UrypHpyioT He To“bKO HMHAYJIbChI, peaKWHH CH- 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


— 2 NY ANE eT rr PS era lr 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


2. Orxocureaonaa ycroiausoct) SAMKNYTbIX CUCcTeM 65 





CTEMbI Ha |Pa3/IMYHBe BXOJHHe CHrHadbl AerKO MOryT OBITb 
HCCC OBaHW WH CpaBHeHbl. 

2. Moxkno UccaeqoBaTb peaKUMiO AMHeHHEIX cucTeM, maa 
KOTOPbIX NQHATHE OTHOWEHHA MpeoOpasopanHH BHXOAHOTO 4H 
BXOQHOFO CHrHaJIOB HeAeMCTBHTeAbHO, HANPUMep AAA CHCTeM C 
QJI@MCHTAMH, H3MCHAIOWHMHCA BO BPeMeHH. | 

3. HeoObtaHbimMa MeTonamu rpaduyeckoro u306paxKeHHa mpe- 
OOpa30BaHH# MOXKHO BOCHONb3OBaTbCA AA NOAyueHHA HOBHIX 
NaHHbIX O PeaKILMH CHCTeM. 





O6ulwe 4epTh MeToa 


Hwxke u310.%KeH MeTOR ONpeneneHuA OTHOCHTEAbHO ycTok- 
NHBOCTH, KOTOpbIf HM€eT BeCbMa IMpOKOe MpuMeHeHHe UM AyUUle 
BceroO NoAMaeTca OOOOuleHMIO. OsHakO, HECMOTpa Ha ero UIH- 
Ppokoe MpakTHyeCKOe MpHMeHeHHe, OH OObINHO He paccmaTpH- 
BaJicA B TOM’ MOCAeAOBATe/JbHOCTH, KOTOPaA yka3aHa HuKe. 

1. Bu6uipaem nozxonauyio BxOaHyIO dbyHkuMIo HM CocTaB- 
AAeM AnpdepeniuatbHoe ypaBHeHHe, MOKasHBaloUlee CBA8b M@2K- 
AY BbIXOMHbIM CHTHA@JIOM CHCTeMBI 8,, BXORHBIM CHrHaoM 9, u Bpe- 
MeHeM f. 

2. CocTaBisem mpeoOpasosanue Jlanaaca Aaa KaxkKMoro uaena. 
M3 mpeoOpasospanHbIX YeHOB NOAy4aeM ypaBHeHHe, B KOTO- 
poM mpeoOpasospanue Jlanaaca y(s) BbIxoaHoro curnaaa 98, (ft) 
ABIACTCA HEM3BECTHOM yHKuveA nmepemenHowt Jlanaaca s. 

3. Pewiaem ypasHenne OTHOCHTenbHO y(sS) Kak yHKuUH s. 

4. Bui6upaem Tako cnoco6 u3mMeHeHuA s, Mp KOTOpoM 
NOCTpOeHHam KpuBad y(s) CTaHOBHTCA 4YBCTBHTebHOA K nper- 
CTAB/AIOLWHM HHTepec cBohcTBam 8, (f), M CTpouM rpaduk Aa y(s) 
Kak PyHKWMM Ss. OObIUHEIA MeTOX 3aK04aeTCA B TOM, 4TO Jett- 
CTBUTC/IbHad WaCTb S (3ATYXaHHve) MPHpaBHUBaeTCa HY HW M3Me- 
HA€TCH MHUM@A YaCTb (4acTOTA). 

O. OTMeyaem CyllecTBeHHbIe CBOMcTBa rpaduKa y(s). 

6. Onpegennem cpoftcrBa dbyHkuun Bpemenu 0,(¢), coorser- 
cTBYlOUlMe CBOHCTBAaM (Ss), Ha OCHOBaHHH OMbITa HK NyTeM 
HEMOCpeACTBEHHOrO COMOCTaBAeHHA C rpadpukamu mpeobpasosa- 
HUA 3HaKOMEIX PyHKuMA. 

CooTHomeHHa MEXxXLy cneundpuyeckumu cBOofcTBaMH rpadu- 
KOB MpeoOpasoBaHiA H BPeCMeHHELIMH KPMBHIMH paCCMaTPHBaloTcA 








5 Bax. 2356, 
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Yuo6ctBo 9STOTO MeTOa COCTOHT B TOM, 4YTO Mpeobpa3s0Ba- 
HHe y(S), KOTOPOe LaeT BO3MOXKHOCTb JIMWIb OUCHATb BpeMeH- 
Hy!Io peaxuuio §,(f), OOMMHO 3HaYHTeAbHO JIerue MOsyuaeTca H 
BhipakaeTcA Tpaduyeckv, YeM CaMa BeJIMYHHa 6,(4). Onnako 
3eCb HeOOXOAHMO YUKTbIBATb Ba OrpaHMyenns. Bo-nepsplx, 
BeMUHHa, HaHeceHHad Ha PrpadukK Kak nNpeoOpasosanne Jlan- 
naca dyHKunH y(S), MOWKHa ObITb paBHa HHTerpay 


t=oo 


y(s)= f e-*0, (fat, (1) 


t=0 


XOTH ee OOBINHO NMOAyualoT ApyrWMu cnocoOamu (HalpHMep, 
OMepaTOPHbIM METOJOM HJM 9KCHEPUMCHTAJIbHbIM MyTeM). Kpome 
TOFO, 9TOT MHTerpad MOWKEH CXOJHTbCA, T. C. paccMaTpHBae- 
Maa CHCTeMa JOKHa GbITh aGcomOTHO ycTOMuMBa; OObINHO 3TO 
OUCHb JerKO ONpeAeAUTbe 

YxasaHHble BLIe ACHCTBHA, COCTOMUMe H3 WeCcTH Waros, 
MpMMeHMOTCA B TeX C/1yuaAX, KOra ONMpekerseTCA OTHOCHTECAb- 
Had yCTOMYHBOCTb CHCTeMbl C MOCTOAHHDIMA NapaMeTpaMy Ily- 
TeM MOCTpoOeHHa rpaduka NepewaTouHOh yHKUMH Kak yHK- 
uuu uacroTbl. Torga nmepBble ueTbipe CTYNeHH He BbIMeJISIOTCA 
B TOM Be, Kak ObINO yKa3aHO; HX CYULeCTBOBaHHe Maxe 
YCKOJb3aeT OT BHUMAaHWA. OTO OObACHACTCAH TeM, YTO Mepea- 
TOUHad YHKUMA B STOM Cayyuae paBHa mpeoOpasoBanmio Jlan- 
naca Min BbIXOMHOrO CHrHaa, Kora cucTeMa BosOyxaeTca 
@IMHHYHBIM BXOJHBIM HMITyJiIbCOM H He HMeeTCAH HauasIbHOTO 
3anaca gHeprun. IIpeoOpasoBanuve BLIXOAHOrO CHrHadta (iA CH- 
cTeMbl C MOCTOAHHBIMM MapamMeTpaMH) paBHO MpOusBedeHHio 
nepemaTOouHOH dyHKUHH CHCTeMbI HM MpeoOpasoBanua BXxOAHOTO 
curuagna. Tlepemarounad Q@yHKUWA CHCTeEMbl B 93TOM C.ly4uae 
papHaeTca MepesaTOUHON GyHKUMM 3aMKHYTOH CHCTeMbI MpH 
s== jw, a MpeoOpasopanve eMHHYHOTO BXOAHOFO HMIyJibCa 
paBHo eAMHHie. Mubimu ca0BaMH, OOULeMpHHATEIA cmocoO no- 
CTpoeHHa rpaduka NMepewarounoh yHKUHH B 3aBHCHMOCTH OT 
YaCTOTb] SKBUBACIITeH BLIOOPpy BxXOa B Bue MMMy.ibCa, Haxo- 
2KeCHMIO Mpeo6pas0paHuA BbIXOHOTO CHrHasa CHCTeMbI, BLIOOpy 
TaKOFO CMOCO6a H3MeCHeCHHA BeAHUHHBI S, IPH KOTOPOM s OyAeT 
UHCTO MHHMOM BeJIHYHHOM, HM NocTpoeHwio rpaduka mpeoopaso- 
BaHHs. 

Poab npeoOpasopanua Jlanaaca B OObINHLIX rpad@ukax Opita 
34TeEMHe€Ha MOHATHeEM MepenaTOuHOK PyHKUMH YaCTHYHO MOTOMyY, 
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TO “UaCTOTHBIC XapaKTePHCTHKH MPH yCTaHOBMBLIeMCA pexkKuMe 
OObIYHO JIerue U3MepAIOTCH B NaOOpaTOPHEIX YC/JOBHAX, eM 
XaPaKTePHCTHKH CHCTeMbI B NepexoAHOM mpowecce. Kpome toro, 
TeEOPHA YCTOMYMBOCTH MHOTMX CHCTeM aBTOMAaTMYeCKOrO pery.u- 
POBaHHA B 3Ha4MTe/JbHOK Mepe 3aHMCTBOBaHa H3 TeXHUKH CBA3H, 
KOTOpOH alle MpHXOAHTCA MMeTb eNO C XapakKTepHcTHKaMH 
CHCT€M MPH YCTaHOBMBIUIeMCA pexKuMe, 4eM C XapaKTePHCTHKaMH 
B MlepexO2HOM mpouecce. 

Hwke MpvBpoantca ciyyah, Korda UCMOAb30BaHMe OOBIUHEIX 
NepeaTOuHbIX PYHKWUHH, NMPHMeHAeMBIX AA ONpenenenua a6co- 
AIOTHOK YCTOHYMBOCTH, ABIAETCA HeMPHeMAeMBIM JIA Onpenese- 
HHA OTHOCHTeAbHOM yCTOMYMBOCTH. 


AHaJM3 MHOFOKOHTYpHOH caeqamel CHCTeEMBI 


B npocTo# caensuleti cucreMe BTOporo nopaaKa c eqHHH4- 
HOH OOpaTHOl cBA3bIO TiepeqaTOuHad qbyHKUMA, MpHMeHsemas 
AAA ONpeweAeHua aOcomOTHOH ycTOHYHBOCTH, MOXKeT OLITb He- 
NOCPE€ACTBEHHO HCNOAb3OBaHa DAA NOAYYeHHA aHHbIX OO OTHO- 
CHTeJbHOH ycTOMuMBocTH CuCTeMbI. OOblyHO 4A 3TOTO NpH No- 
MOULH, HallpHMep, KPyrOBbIX AvarpaMM OMpeenmioT MaKCHMyM 
AaMIIWTYRHOH XapakTepHCTHKA HM YaCTOTY, Mp KOTOpOH oH 
HaOmoWaeTCA, H Manee HaXOAAT XapakTepHble TOUKM Mepexol- 
HOro Mpouecca CHCTeMbI, KOTOPble €AHHCTBEHHbIM OOpa3s0m onpe- 
MENAOTCA AA TaKOM CHCTeMbI BTOporo nopsuka [1]. Ha ocHose 
ONbITa MH HHTYHUMM STOT MeTOA Obl pacnpocTpaneH Ha CHCTeMbI 
Oonee BLICOKOTO nopaaka. Huxe mpusoantca OObACHeHHe COOT- 
HOUCHHA M@KAyY aMMAWTYIHO-@asoBpiMu XapakTepHCTHKaMH HU 
NepeXOAHbIMH MpOweccaMH, HCXOAA W3 HSMEPHTeAbHOTO CBOHCTBA 
HHTerpala NpxAMOrO mpeoOpasoBanua Jlanamaca. 

Jia” MHOrHX TaKMX CHCTeM BBICWWero NOpANKa, OcobeHHO AAA 
MHOFOKOHTYDPHbIX CJI€NAUILMX CHCTeM HM CHCTeEM C CONeTaHHeM 
aBTOPeryAMPOBaHHA MO 3aMKHYTOMY HW pa3OMKHYTOMY LMKsaM, 
KaK HanlpHMep CHCTeM, OMHCaHHbIX B paOoTe [7], rpaduxu, n0- 
CTpOeCHHble AIA ONpeneneHHA aOcomOTHOM ycTOHuMBOCTH, He1b3A 
HEMOCpeACTBEHHO HCNOAL3OBaTb AAA NOAYYeCHHA WaHHbIX 06 OTHO- 
CHTC/JIbHOH YCTOHYMBOCTH CHCTeMbI. B KayecTBe NpuMepa pac- 
CMOTPHM MHOTFOKOHTYPHyl0 CJleQAuly!lo CHCTeMy, M300paKeHHy!0 
Ha dur. 1. © 

‘Ina onpeneaenua a6comoTHoA ycrofiumpoctu sTo cucTeMbI 
HyKHO HafTH, onpewemuTetb cucTrembl A(p), -KOTOpBIA aABAseTCA 





5* 
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SHaMeHaTeJICM MepewaTOuHOK dynKunn [8]. PyHKiua, MOcTpoeH- 
Had Ad ONmpewesrenua yctTohuusoctu, pasa A(p)—1, u no- 
CKOJbKY M8 DaHHoro cayuad K, ABJdeTCA OOLWMM MHOMKUTeeM, 
9TOT CNMHCTBeHHBI rpadpuk A(p)—1 amocTaToueH Aaa onpe- 
feneHua aOcomoTHok ycrofunpoctu. Cuctema ycrTounspa jan 





iy ae ae ee a eae ee 
HT a025 ae Sa ie a a 
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Ol Or) el 
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K 3= = V6 Homu 


Pur. 3. Xapaktepuctuxn 6, (¢) B MepexogHOM Mpouecce 241A MHOFO- 
KOHTYPHOH CaeAAUeH CHCTeMbI MPH pa3sAH4HbIX 3Ha¥UeHHAX Kz. 





tL ks = Ye wortan-}— |_| 
K. = '/g HOMUK: 
Ce ea ee i ee La 


BbIOPaHHLIX BeJMYHH MepeaTOUHbIX KOIMPHUMCHTOB, HO, TO 
Oonee BaxKHO, 3amac yCTOHYMBOCTH NO YyCHAeHHIO, ONpezemse- 
MBIM “3 rpaduka A(p)— 1, aBaseTCA 3amacoM TOJbKO MO OTHO- 
meHuio K K,. Ecan onMuH M43 Apyrux MepemaTouHbIx KOIpDU- 
IWeHTOB, HanpuMep K., yMeHbuiaetca, A(p)—-1 u3mensertca, 
KaK TOKa3aHO Ha Ipaduke, a 3anac YCHMeHHA NO OTHOILCHH1O 
K K, ypeauunpaetca. UroOn HaTH BaWaHHe M3MeHeHuA Ky Ha 
g3anac yCTOHYHBOCTH MO OTHOWeHHIO K Ks, HYKHO MOCTPOUTb 
pyre rpapuku UM HCNONb30BaTb OOOOMeHHEIH KpuTepuH ycToH- 
YHBOCTH, BbIBEeHHbIt Boge [8] 28 MHOrOKOHTypPHOM CHCTeMBI. 

MockombKy cuctema Oba yCTOHYMBa Np HOPMAJbHbIX BeJIH- 
uMHaX TMepeaTOUHbIX KOSPUUMeHTOB, OOOOLWLeHHEIA KpuTepHht 
ycTOHUMBOCTH yTBepxKAaeT, YTO ,OOuMe 4YNCa OOXONOB KpHTH- 
yeCKOH TOUKH NO YaCOBOH CTpesKe HW NMpPOTHB YaCOBOH CTPe/JIKK 
JLOJDKHEI ObITh PABHb! APyr Apyry B cepuu AMarpamM Hahiksucta, 
NOCTPOCHHbIX LA OTIC IbHEIX KOHTYPOB, MO.1Ty 4alOLUHXCA pH Mped- 
NOJOKEHHH, YTO BCE NepeLaTOUHWe KOSPMAMMEHTHI PaBHbl HYI1O, 
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HM Mp MOCAeAyIOUeM BOCCTaHOB/JeCHHH UX B 060M NopsaKe 20 
deepen BeJIMYMHbI“. B yacTHOCTH, eC/IM 3Ha4eHHe K, OyeT 
BOCCTAHOBJICHO'~ MOCJ@AHHM, KOHeYHBIA rpaduk ‘MoKaxKeT 3anac 
ycTohunBocTu no ycuenuiO No OTHOUIeHHIO K Kg. Caenya ston 


le, /2%| aise 





Yacmoma, @y 


mur. 4. Tpapuxu mpeo6pasosanua Jlanaaca or 6, (¢) a9 uMmyabc- 
Horo Bxoga 46; (£). 


mpouelype, Obit cocTaBleH pA Fpa*uKOB, MOKa3aHHbIX Ha 
bur. 2, mM M3 MOCHeaHero rpaduKa BHDHO, YTO Mp YMeHb- 
wenun K, cuctema He GyteT MeHee ycTofumBoh. Hy 2kHO oTMe- 
THTb, UTO rpaduK naa A(p)—1 ua cur. 1 MpW yMeHbUleHHH 
3HayeHva Ky ,pHOnmkaeTca K TOUKe —1*. 

Kak nmoka3bipaioT rpa@uKH MepeXOAHBIX MpOWeccOB CHCTeMH, 
npupewenuple Ha dur. 3, peakuua mpuoOperaet Gonee Koueba- 
TeIbHLIA xapakTep mo mepe yMeHbuieHua K,. Ha pur. 3,a@ 
nmoKa3aHo W3MeHeHHe 9, BO BPeMEHH, COOTBETCTBYIOMIce MMIly /b- 
CHOMy BXxOJy 9; MpH HOMMHAMbHBIX BeJIMYHHaX MepeAaTOUHbIX 
KosppuunenToB, OTMeYeHHHIX Ha dur. 1. Korga Ky yMeub- 
waeTca, rpaduKH MepexOAHLIX Mpoweccos Ha Gur. 3, 6, 6 U 2 
XapakTepu3yloT Oonee KOMeOaTerbHylO CHCTeMy, Yero HeJb3A 
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A! Ah i I a 





OblI0 OOHAPYXKUTb Ha MpeNblayWwux MMarpamMMax. Ecau, OHaKO, 
NOCTPOUTb rpaduk Mo mpeoOpasopanuio Jlanaaca Beauuunnl 4, 
IA Pa3AM4HbIX 3Ha4eHHfi Ky, KaK 3TO CetaHo Ha dur. 4, To 
MOKHO yOeCAMTbCA B TOM, 4TO STOT FpaduK TOYHO XapakTepu- 
ayeT Oovlee KOAeOaTebHYIO peakUMIO TpH yMeHbueHuH Ky. Tak 
Kak HCTOJIKOBaHHe HM pasBuTHe rpadukoB MpeoOpa3soBanua, No106- 
HbIX TIpHBeeHHOMy Ha qpur. 4, OCHOBaHbI Ha MeTONe NoOyyeHHA 
HHTerpaja MpeoOpasoBaHva B ypaBHeHHH (1), MBI OCTAHOBUMCA 
Ha 9TOM MeTOMe NOApooHee. 


Mponecc u3mMepenna 


MetTow u3MepeHva cBoficTtB dbyHkuun Bpemenu 98,(¢) npu 
NOMOWM MpeoOpasoBanHA y(s) HeMmOcpeCTBeHHO BBbITeKaeT H3 
ompezeseHua mpeoOpasopanua fypaBHeHue (1)]. PyHKunsa Bpe- 
MeHH 9,(¢) MHOKHTCA Ha anpo e-8! nw mponaBewenHe cyMMu- 
pyeTca OT HyIA 20 OecKOHeYHOCTH NO OCH BpeMeHH. TITepemeH- 
Haan Jlammaca S$ wMeeT, BOOOWLe TOBOpH, KOMMsAeKCHYIO Popmy 
C WeACTBUTeCAbHOH 4aCTbIO o H MHHMOM YacTbiO jw. Takum oOpa- 
30M, HHTerpad (1) NpeacraBaseTca CyMMOH aByX seficTBuTesb- 
HbIX HHTC€TPaJOB, KOTOPHle ABJIAIOTCA AeHCTBHTebHOK WH MHUMOL 
YaCTAMU Y(S). 


t=0c0 
y(s) = e~*t cos wtf, (t) dt — j 
f=0 t 


ao 


e~% sin wf8, (t) dt. (2) 


om 


Ha dur. 5—8 noka3anH cnoco6, c NOMOUbIO KOTOpOrO 9TO 
YMHOXKeHHe WH CYMMHPOBaHHe CBOAMTCA K CpaBHeHHio 9§,(¢f) xu 
anpa. Crynenu o6pa30BaHua uHTerpata mpeoOpasoBanua mas 
(yHKUMH BpeMeHH, XapakTepH3ylouleH 3aTyXalollue KONeOanua, 
6, (f) = e-%! cos(t — 30°), nokasaHbI Aa Tpex 3HaueHHH 4ua- 
cTOTE! apa jw. JleAcTBHTebHad “acTb o OT S$ MpuHATa paB- 
HOW Hy/Il0. 

Korga wacToTa spa w HamMHOrO H¥Ke yacToTH 6,(t) (paB- 
HOM eAMHHie), OO6e€ uacTH npousBeneHua 46, (t) e—*? — neticTBu- 
TeJbHad WH MHHMah—-OyAyT MoMepeMeHHO MOJIOXKMTeBHEIMH H 
OTPHWATebHBIMH, Tak 4YTO HHTerpatbl MpousBenenua oT ¢t = 0 
AO f= co OyayT HeBewnKH (cM. cur. 5). AnaviorwyHo, Korma w 
HaMuOoro NpeBbluaeT yacToTy 0,(¢), mpousBeyenua OyayT cHOBa 
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NOMEPeCMCHHO, MOJOKHTebHEIMH HW OTPHWATeAbHBIMAH HH HHTe- 
rpanbi TakwoKe OyAyT HeBenuKu (cM. dur. 6). Ha our. 5—8 
WHTerpal paBeH CYMMe 3aUITPHXOBAHHHIX Mioulalelt. 
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“Ty 


Pur, 5. O6pa3oBanvne AelcTBUTeAbHOH HW MHMMOI 
yacTeH mpeoOpasoBaHua Jlanaaca ot f(¢) aA “acTO- 
Th ANPa, 3HAYHTeEABHO MeHbWeH, 4eM YacToTa f (f). 


Kora uactota allpa npHOawxKaetca kK yactoTe §,(f), Kak 
nNoKa3aHoO Ha dur. 7, WefcTBHTebHaA HM MHWMaA 4aCTH NpoKs- 
Benenua 9 o(tye-s XOTA HM H3MeCHAIOTCA MO BeAMYHHE B Nocse- 
OBaTeAbHbIe' MOMCHTBI BPeMeHH, HO B OOULEM HMCIOT HEKOTO- 
pbie He HyleBble CpeAHHe 3HadeHHA, Tak 4TO HHTerpan (2) OyseT 
MMCTb JOBO/bHO 3HAYHTeAbHYIO BeAMYMHYy. OTHOCHTeAbHBIe BeAH- 
YMHb] AeMCTBHTebHOH 4 MHHMOH uacTeH 9TOFO HHTerpaya DAA 
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Kakoro-HO60 3HaueHuA W® 3aBHCHT OT Toro, OyaeT AM chasa 
coctapasiouenh 9,(¢) (uMeloulad Y“acToTy aapa ) mpHvOjMwKaTb 
STY COCTABJAAIOULYIO K COS wf HK Sin wf. 


e°%4b cos (t- 30°) = FE) Avene une nua 


wacme spe 






















e°9.28 gus (1-30") = Ft 
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0 1 Z 3 4 5 6 7 & 
Bnema, cen. 
Pur. 6. O6pa3sopanue nelcTBuTeTbHOH HM MHHMOH 


yactelt mpeo6pa3zoBanua Jlamuaca oT f (¢) 418 YaCTOTHI 
apa, 3HauuTeAbHO Oonee BEICOKOH, 4eM uacToTa ff (f). 


Cpaduk npeo6pasopanua y(s) Kak PyYHKWLMN © WaH Ha cur. 8. 
SieCb MOKa3aHbl NeficTBHTe.IbHad H MHMMaH YaCTH HW BeKTOpHad 
cymMa. Kpwsple ObliM paCCuHTaHbl NpH MOMOWIM OMepaTOpHOrO 
ypaBHeHHa Aad mpeoOpas0BaHHA KOHKpeTHOK PyHKWMH BpeMeHH, 
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MCNOAb3OBaHHOKM Ha Cur. S—7: 


10=1 thts ® 
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Bpems, cek. 


Pur. 7,O06pa3zopahHe eHCTBUTeNbHbIX H MHMMBIX WacTelt 
mpeo6pasopanua Jlanaaca ot f(f) ANA YaCTOTHE aAqpa, 
paBHouw yactote f (Z). 


BeaW4HHbI, COOTBETCTBYIOWHe YaCTOTaM, HCMOAb3OBaHHBIM 
nad dur. O-—-7, o6o3Hayenbi Ha ur. 8 Toukamu A, Bu C coor- 
BETCTBEHHO. | 

Iipowecc, moctpoenua rpaduka mpeoOpasosanna Ha par. 8, 
H€3aBHCHMO OT TOTO, NPOBOZUTCA AH OH Ha OCHOBaHHH ypaBHeHHa 
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Tuna (3) W4M Ha OCHOBaHHA 9SKCMepHMeHTaJbHbIX WAM Apyrux 
JaHHbIX, CBOAUTCA K BLIOOPy BeAHYHH DAA YaCTOTHI © Apa e-8, 
NOJYYeHHIO NPOWSBeLeHHH HW CyYMMHPOBaHHlO HX IIA KAKO BesH- 
UMHbI ®, KaK MOKa3aHO Ha dur. O—7. Sapo e-* MooKHO CUMTaTD 





Bpems, vex 


Pur. 8 Vpaduxu mnpeo6pa3opanua Jlanaaca oT 
{@O= e— 2% cog (t—30°) u BpemMennda KpuBag. 


Yacrotm A, B nw C HCHOALSOBAHH] COOTBETCTBEHHO 
B rpadukax dur. 5; 6 u 7. 


,»HCNbITAaTebHOH. byHkKuMeh, a MpOWecc H3MCHEHHA ero YaCTOTHI 
M MOCTpoeHud rpaduka MpeoOpas0BaHHA MO2XKHO paCCMaTPHBAaTE 
KaK Mpouwecc HCCAeqOBaHHA MO TOUKaM BPeMeHHOM yHKILMH. 
Koraa BblOpaHO 3HayeHHe AAA _w, COOTBeTCTByIOUee YacTOTe 
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COCTaBAAIOWeH, NpucyTcTByiowleh BO BpeMeHHOM cynkunn 6, (f), 
rpaduk npeo6pasoBaHua Aaa STOM YaCTOTH OyeT HMeTb OOb- 
Wyl0 BeJM4HHY, yKa3biBad Ha MpHCyTCTBHe CoOTBeTCTByIOINeH 
YaCTOTHOH CocTaBasiouleH B 4,(f). Popma rpaduka y(s) HB OCO- 
GeHHOCTH COPMEI MIMKOB H OTHOCHTeJIbHbIe pasMepbl AehCcTBH- 
TeJbHOH WH MHHMOHM yuacTeH y(s) HMelOT BaxKHOe 3HayeHHe Aaa 
onpeeseHua XapakTepa BpeMeHHHIX KPHBbIX. 


Hutepnperauna rpadukos npeodpa3z0BanusA 


Illecto# wu nocaeaHuA war B O6uleM MeTOLe HHTepnpeTauHu 
COCTOHT B TOM, YTO OTMeYAaIOTCA HaHOOuee CyUlecTBeHHbIe CBOK- 
cTpa y(s), ONpegzeamiotcaA cooTBeTCTBylOulHe cBolicTBa 4, (f) u 
Ha Gymare sHO6o B BOOOpaxKeHHU CTPOMTCA BpeMeHHda (yHK- 
WHA, OOaaloulad STHMM CBOicTBaMH. B AaHHOM pa3eae onpe- 
JLC@AMIOTCA B3AHMOOTHOWECHHA MEXKAY CNeEMMMPHYeECKHMH CBOMCTBaMH 
rpacsbukoB mpeoOpas0BaHHa HK BPeMCHHKIMH KPUBbIMH HM HJJIO- 
CTPHpylOTCa, Mpowecch anpOKcuMaLlHu 4G, (2). 

BaoKHbIMH CBOHMCTBAMH TepeXOAHHIX MpOWeCCOB Ce NAULAX 
CHCTeEM OOBINHO ABJAIOTCA Te, KOTOPbIe CBASAHBI C KOMeOaHHAMH; 
riaBHaf 3aaua COCTOHT B ONpeweaeHHH YaCTOTLI, 3aTyXaHHA H 
Apyrux cBocTB KaxJoro cyuecTBeHHOrO KOAeOaHHA. CootsetT- 
cTByloulHe CBOKcTBa npeoOpasoBaHHl CBA3aHbI C MMKaMH Ha rpa- 
cbuKax, H306paxKalOuluX 3aBHCHMOCTb y(S) OT S. 

TlepBaa cTyneHb B HHTepnpeTauMA Trpaduka mpeoOpasosa- 
HHA — BbINHCeHHe BeAMYHHbI OTHOWeCHHA 3aTyXaHWa K YaCTOTe 
OCHOBHOrO Kone6anua a/3 1). Mocaenywulne ReicTBHA B Npowecce 
aHau3a OyYAyT 3aBHCeTb OT BEAMYMHE! STOTO OTHOUICHHA. 

SatTyxaHve KoneOanua B O,(¢) saBHCHT OT OCTPOTéI COOTBeT- 
CTByloulero ;MHKa B y(s). Odmlee YHNCAeHHOe ypaBHeHHe, KOTO- 
poe Obl NOKa3biBaO COOTHOWeEHHEe WHPHHbI NuKa H CKOPOCTH 
gaTyXaHua OU, (4), MoayyHTb Henerko. Ha cur. 9—17 npuBenenbi 
eBATb CTAHMAaPpTHBIX TpaPuKOB XapaKTepHCTHK peaKWHH CHCTeM 
BTOPOTO NOpsAKa C OTHOUICHHAMH 3aTYXaHHA K 4aCTOTe, PpaB- 
HEIMH 0,2, 0,5 u 0,8, uw TpeMA pa3/IM4HBIMH 3HayeHHAMM d)a3o- 
Boro yraa. OcTpoTy NHKa MOMKHO OMpelesuTb NO ero BbICOTEe 
B TOUKAX BO3e efO MaKCHMyMa MIpwH yacTOTaxX He Oouee “em 
Ha 20°/, Bile HAH HW)Ke 4aCTOTH BepxHeH TOUKK. Korga 








1) PaccmatpuBaiorca KoneGanua Bua Ae“ sin (Bt -+ 99). — [Tpum. 
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Bpems, cex. 


Pur. 9. Ipeo6pa3sopanue Jlannaca u BpeMeHHda KpuBagr 


e” 02t sin ¢f. 
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Bpems, cex, 


Pur. 10. IIpeo6pa3zo0sanne Jlanaaca 4 BpeMeHHaA KpHBaa 
et sin (¢ + 1/4). 
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Bnems , cex. 


Pur. 11. Npeo6pasopanue Jlanaaca u spemennda Kpupan e~! cos #. 
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Bpema, cex. 


® ur. 12. Mpeo6pasopanne Jlanaaca u Bpemennda KpuBan 
| @ 5! sin ¢. 


6 Sax. 2356, 
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Bnema, cex. 


®ur. 13. peo6pa3osanne Jlanzaca H BpeMenHaaA KpuBaA 
e— %5t sin (¢ + 7/4). 
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Bpemn, cex. 


®ur. 14. peo6pazosanve Jlannaca v BpemeHHda KpHBaA 
3 @ 5 cos #, 
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Bpems, cek 


Pur. 15. Mpeo6pa3osanue Jlannaca u BpemenHan KpuBan 
e  08f sin f¢. 
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2. OTHocureAbHan ycToduusocTe SAMKHYTOLX CUCcTeM 85 


BeIHYHHA OTHOWIEHHA 3aTyXaHWa K yacToTe paBHa 0,2, Bean- 
unHa y(S) B \TOUKAaX, HaXOlauuxca mpu yactoTax Ha 20°/, Bame 
HAM HWKE YaCTOTBI HaMBEICluef TOUKH, cocTaBaneT 60—809/, 
MAaKCHM4@JIbHOrO 3HayueHnaA (ur. 9—11). Korga Beawunna OTHOLIe- 
Hua a@/8 paBHa 0,5 (pur. 12—14), Benwunna y(s) B TUX TOUKAX 
coctaBaseT 90—95°/, nan6onbulef BeanuMHEl, a koraa a@/3 = 0,8 
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Bpems, cex., 


Pur. 16. Iipeo6pasospauue Jlanaaca u BpeMeHHaA KpuBaA 
e— °F sin (t + n/4). 


(pur. 15—117), BeauuwHa y(s) cocrapaset 98—990/, Han6oab- 


We BeTHUHHE pW YaCTOTAX, pacnosorkeHHHx Ha 20°/, BLILYe 
WAU HOKE WaCTOTH MAKCHMyMa. . - 





panto Ff 
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86 M. Kep6u u J. Bomapoao 


IIpH uacrorax, oOTKAOHsIOMMxXCA Gonee 4uem Ha 20°/, oT 
“YaCTOTbl M@KCHMyMa, (OpMa KpuBOK BO3Ie HyAeBOH 4aCTOTHI H 
BTOPHYHbIe MMKH Ha Oomee BbICOKHX YaCTOTaX (eC TakoBble 
HMe10TCA) OKaASbIBAIOT HeECOpa3sMepHO OoAbW0e BAMAHME Ha OMpe- 
AeAAeMyIO BeMUHHY. XOTA YyKa3aHHble PakTOPbl HM BAMAIOT Ha 
(popmMy KpHBofi (B CMbICe OCTpOTbI MmHKa) Ha rpaduke y(s), OHH 
He HMEIOT OTHOLCHHA K CKOPOCTH 3aTy XAHHA OCHOBHOPO Kose Oana. 
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Bpems, cex. 


Pur. 17. Mpeo6pasopanue Jlanaaca 4 BpeMeHHaA KPUuBaA 
e-90,8¢ cos ¢. 


Kora BeAMuHHa OTHOWeHHA 3aTyXaHHA K YacTOTe a/3 = 0,5 
WIM MeHbUe, T. €. KOrZa KOOPPHUMEHT 3aTYXaHHA OCHOBHOTO 
KOeOaHWA B KaxKOM WMK1e paBeH e~" HH MeHEE, CYyLeCTBYIOT 
ONpeAeeHHble HW HESaBHCHMbIe COOTHOIMeHHA M@KLY cnheunpu- 
HECKHMH CBOMCTBAMH y(s) H CBodcTBamM 9,(¢). Yacrota Hay 
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2. Ornocureronan yCTOuueocTs SAMKHYTOLX cuCcTeM 87 





BeAHUHHA S,|/ pH KOTOpOH ROCTHraeTca NHK B y(S), OY€Hb OnnsKa 
K cooTReTCTBy1oWleh yacToTe KoneGanua BO, (t). Beanunna y(s) 
B TOUKe MaKCHMyMa XapaKTepH3yeT pasMax KOeOaHHA; pasMaXx 
MOHMM@eTCA | 30€Cb Kak MponsBeszenHe HayaibHOH aMMauTy lb! 
oru6aiwule |W NocTosHHOM Bpemenu (1/a) [cM. ypaBHeHue (8)]. 
OTHOCHTeAbHbIe BEAMYMHLI LeEHCTBUTEABHOM HW MHUMOH YacTeH y(s) 
y ero HavBbICWIeH TOYKH TOWHO YKAa3bIBalOT Ha OH30CTb 0, (£) 
K KOCHHYCOMMe HAH CHHyCoMse, T. e. Ha dasy. [losToMy, Kkorza 
yCTaHOBIeHO, YTO BeAHUMHA OTHOWeHHA 3aTYXaHWA K 4AaCTOTE 
HeBeHKa, MOXKHO ONpewenvTb NOCeMOBATebHO H B .11000M 
nopsake pagMax KoaeOanna, ero yacTOTy H pasy. 

Vsyyaempi rpaduk mpeoOpa3opanua BCerga NosesHoO CpaB- 
HHTb CO CTAHMaPTHDIMA rpadukamu, AaHHbIMM Ha ur, 9—17, 
uTOOL! MOAKpenuTb oueHKy 9,(¢). Tlocae onpezenenua CBOACTB 
raaBHOro KOAeGaHHA HyXKHO pacCMOTpeTb shopmy rpaduka mpe- 
o6pasoBaHvfA MpH YacTOTaX, OM3KHX K HYJIO H 3HaYHTeAbHO 
MpeBLIWalOUlHX YaCTOTY MakCHMyMa. PasHuHA MexKAy paccma- 
TPuBaeMbIM TpaHKOM 4 CTAHAapTHbiIMH Fpaukamu CUCTEM BTO- 
poro nopaaka, MpupenenHima Ha dur. 9—I17, MoryT yKasbi- 
BaTb Ha CYIMeCTBOBAHHe HEKONeOaTebHbIX COCTABAMIOWWUX HAH 
BTOPOCTeneHHHIX KoTe6aHHA B 4, (#). 

Ha npakTuKe 1a OONDINMHCTBA C/eQALMX CHCTEM 3aTYXa- 
HH€ HeJb3A CUHTATb HESHAUHTEbHEIM. GaTyXaHHe F1aBHOrO KOe- 
Oanva MpOWCXO“UT B TeveHHe HeOOAbUIOTO YHC1a MepHOOB. 
Beawunna 3aTyxanus @/3 = 0,8 apasetca TanwuHoh. Koraa Beau- 
uwHa 9TOrO OTHOWeHHA Sombie 0,5 usu 0,6, CoOoTHOWeHHA 
MexKy mapamu cBoficts y(s) Hu 9,(f) ye He ABraioTcA Oouee 
HeSaBHCMMBIMH. PacnonowkeHue MaKCHM@/bHOM BeJMYHHE (THK) 
y(s) 3€BHCAT He TOAbKO OT YaCTOTH KO.1eOaHHA 9,,(7), HO TakxKe 
H oT dasn, UactoTa KoneOaHHA SHa4HTeIbHO BbILIe YaCTOTH 
MaKCHMyma y(s), ecaH KOMeGaHve Onv3KO K CHHYCOMDE, H HHKE 
ee, eciu OHO 6u3KO K KOCHHycoume. Onnako cpasa 9,(f) He 
onpemensetca c NOMOWbIO MpocToro wu3MepeHHA MeACTBUTEAb- 
Hoft H MHHMOM KOMNOHeHT y nuKa y(s). Onpenenenne 4acTOTH 
H (bash HYKHO MPOBOARTb OHOBpeMeHHO NyTeM CpaBHeHua POpMBL 
riaBHoro MMKa usyyaemoro rpaduka mpeoOpasoBanuA CO CTaH- 
apTHuMu Fpadukamu Ha cur. 9—17. Mocaze onpexerenna 4a- 
CTOTH H (basbl MOXKHO ONpedeAHTh pasMax KoNeOaHHA NO aMNAUs 
Tye MAaKCKM@JIBHOA BeAMYHHE y(s) Np NOMOWH ypaBHeHHA (8). 
Tlocneannf! stan B onpenerennn 4, (f)— paccmoTpenwe “acted 
Tpaduxos MpeoOpasokanka MPH YACTOTAX, PAaCHOOKCHBAX stds 
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88 M. Kep6u u J. Bomaponoe 
a a a a a 


YHTCAbHO BHI WAM HH2Ke YACTOTHI MAKCHMYM4, JIS HCCC ROBAHHA 
HeKOJeOaTeAbHBIX COCTABAIOULUX HM BTOPOCTeNeHHHIX KOv1e- 
Oanutt. 

JTesaTb CTaHAapTHbIX rpadHKOB, MmpescTaBeHHbIx Ha 
(bur. 9-17, moKka3bIBaloT HMMyAbCHbIe PeaKUHH CHCTeMbI BTO- 
poro NOpaAaKa Ad sHaueHuh a/8 (OTHOWeHHeE 3aTyXaHua K 4a- 
cToTe), paBHblx 0,2; 0,5 u 0,8, Oru3kne K KOCHHYCOMe, CHHYCONZe, 
a B OHOM CJlyuae—kK MpoMexyTOUHOM KpHBOHK MexKAy KOCHHYCOH- 
oH M cuHycongon. B cBasu c 9TMMM rpadbukaMy BOSHMKaeT pal 
NOHATHH HW COOTHOWECHHH, CNOCOOCTBYIOWWMX HHTepnperTanun rpa- 
(ukoB mpeoOpasopanua. Kaan, KTO NOAb3yeTCA 9THMM CTAH- 
MapTHbIMM rpaukamMu, MOKeT paspaboTaTh CBON COOCTBeHHbIe 
HpaBHla, MPHAOMKNMbIC K OTECJbHBIM CHCTeMaM MW K peuleHHio 
uacTO BCTpeuaiouluxca sanay. Kaxkabih cTanaapTHEl rpaduK 
ABIAeTCA TipeoOpasoBaHhem BpeMeHHOH KpuBOK 6, (¢t) cnenyl0- 





uleH opMul: 
0,(t) = Ae-* sin (Bt + ¢). (4) 
:IpeoOpasoBaue ypaBHenua (4) [9] pasno 
sat AB 
IO= GPary pe’ (5) 
Korma go= 0, u 
As sta 
(s) = 1 C=" 6 
“ V (a— a+ 8 (s +a)? p ~) 
Korda #0. Bennunna ad) cBA3aHa Cc (pasOBbIM yraoM 9 COOT- 
HOW CHHEM 
a B 
yp = arc tg ae (7) 


CooTHouleHHe MeXxKAy OCTPOTOH MuKa HM 3aTyXaHHeM MOKHO 
NOHATb, PaCCMOTpeB Cnoco6 usMepeHna 4, (¢) npu momoulM mpe- 
oOpasopanua. Beauuuna y(s) npu 11060M (He OOa3aTeabHO 9kCTpe- 
MaJIbHOM) 3Ha4eHHM S = jw XapaKTepH3yeT OTHOCHTEABHYW BeN- 
uHHY KONeOaHHA YaCTOTH! ©, MpucyTcTBylollero B O,(¢), T. e. 
NOKASbIBAeT CTEMCHb CBA3H KOJeOaTeAbHOrO apa e-st c 6, (f) 
npu uactote w. Korga BeawuHHa OTHOWeHWA 3aTyXaHHA K 4a- 
eTOTe BeNWKa, MOCIeMOBATebHWe UWUNKIn O,(¢) OyayT cToab 
pa3HYHbI NO @opme, TO npeoO.anaioulam YaCTOTA He TaK RBbIe- 
IdeTCA WH OM3KHe K He uacTOTH Oonee BEIPAKeH. - 

OtTHoweHve 3aTyxaHua K yacToTe (a/8) ayuule oTpaxaer 
BENMIMBY BATYXaHWA, NEM. NPOWeHT KpuTUYECKOLO .3aTyXaHuA, 
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2. OrnocuTeasnaa ycroiluueocTs SaMKNYToLX cucTeM 89 


M KpuBble y(s) ynoOnee CTpouTb B AMHeHMHOM, a He B AOrapHd- 
MHY€CKOM MaCcuITa6e NO OCH 4acToT. OTHOWeHHe @/8 yxKa3BI- 
BaeT Ha BeIMHMHY CNada kONeOaHHH 3a KaxKAbIA NepHoA 4 OpH- 
NOKMMO K KOeOaHHAM BOOOuIe, TOraa Kak Goaee oOObuHEH 
NOKa3saTeIb —+ MPOWEHT KPUTHYECKOFO 3aTy XaHHA — BbIPaKaerca 
yepe3 SKCNOHEHILMAIbHbIe PyHKILUH. 

OAHMM U3 HaHGonee CYLeCTBeHHEIX MOMCHTOB B TOJKOBa- 
HHH Tpa@ukoB MpeoOpasopanua ABIAeCTCA COOTHOWWEHHE MeXKLY 
BEICOTOM KpHBOH y(s) M pasMaXoM COOTBeTCTBylOllero Koneba- 
HHA §,(2). BecbMa rpy60 MOxKHO CUHTATb, YTO BEICOTAa KPHBBbIX 
B rpadukax MpeoOpasopanua NPONOpUMOHabHa NAOWLaAM CoOT- 
BeTCTBYIOWNX, BDCMCHHBIX MYHKUMH, NOCKOAbKY mpeo6pasosza- 
Hue Jlamaaca ABAAeTCA MHTerpanOM; MO HeKOTOpOA cTeneHn 
MpaBHbHO WH OOpaTHoe 3aKsIOUeHHe, Tak Kak OOpaTHoe mpe- 
OOpasoBaHve 'TakxKe smBaReTCA MHTerpanoM. IIpnO.H3uTeABHBIM 
y paBHeHhem, y CTaHaBAMBAalOWLHM COOTHOMICHHeE Me2KAy BbICOTOK 
nuka B rpaduKe y(s) M pa3Maxom KoJeOaHua 9, (f), aBaneTca 
ypaBHenue (5). SaTyxaHwe mpeanonaraeTca AOBOABHO HesHa4H- 
TCAbHBIM (a2 << (2), | 

Koraa s ) J}, ypapuenne (5) npunumaer crenyioulyw cdopmy: 





_ | A | 
y muKa : Y()= 75 (8) 


Becbma CyllecTBeHHO TO, NTO “aCTOTa 3aTyXaloUlero Kose- 
Oanua B He NosBaseTca B ypapnenuu (8). Beauuuna 1/a aBasetca 
NOCTOAHHOK BPeMeHH H CJIyKHT MepOH AAMTebHOCTH cnagalio- 
uero KoueOahHa, a A—wHavanbHad aMmnauTyna oruOalouet. 
MaKkcuMajbHoe sHayeHHe y(s) nNOsTOMy mMOKasbIBaeT MOMaRb 
nod ornOawulelt §,(f) M He 3aBMCHT OT YaCTOTE! KOne6aHHA 
BHYTpu orHOajouen. STO uANOCTpupyetca rpadukamu mpeo6- 
pasopanua dur. 18, KoTOpbie HMeIOT OMHAKOBYWO MAKCHMAJIbHY1O 
BeM4HHy v6) AA MByx 3HauenuHt B (8 u 1), koraa A, aug 
OCTaIOTCA OAMHAKOBLIMH. OHAKO BbICOTa NHKa Ha rpaduKe jy (s) 
RO H€KOTOPOM CTeneHH 3aBUCHT OT cha3bl AA MaHHOH YaCTOTH 
W 3aTyXaHWA, Kak 9TO BHAHO M3 CpaBHenua Fpadukos cur. 9—17. 
CrelyeT MOAWepKHYTb, 4YTO MAaKCHMaJbHOe 3HayeHHe y(s) sB- 
AA€TCA M€POH) BeMYHHEI BCef BpeMeHHOM KpHBOM 6,(¢) nH He 
xapakTepusyer peakuuio 'B KakOfM-To onpeaereHHH MOMeHT, 
HanpuMéep’ MakcuManbHoe nepeperyaMpoBanke WM NepRoe HaMe- 
HEHHE 3Haka HepexogHore KoAeOanua. — 

| 
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Bpemsa, cer. 


ur. 18. Conoctaprenve pyHKUMH, 21a KOTOPHIX npeobpa- 
qopanna Jlanaaca qaloT CXOAHHIC MHKH MPH PasAHYHH|X TACTOTAR, 
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Kak aHHeHHBIe, Tak H TOrapHdMwuecKue YaCTOTHHIe rpapuku 
NOme3Hbl, HO OTPaKaloT pa3HYHHe CTOPOHH aBAeHua. Ecau, 
Hallpumep, 1Ba MHKa Mp pa3M4HBIX “aCTOTAX MMelOT OJHHA- 
KOBY10 BHICOTY H WHPHHy MpH AHHeMHOM MacuITa6e, COOTBeT- 
CTBYIOWLMe KOTeOaHMA PYHKWHA BpemMenu OyaAyT OOnanaTb ONHOK 
MW TOM Ke HaWaIbHOM aMNAHTY AON HW AAMTeABHOCTbIO OrMOaloulHx, 
HO Pa3/IHYHBIMH YaCTOTaMM KOeOaHHA BHYTPH 9THX CXOAHBIX 
oru6aiomux (cM. dur. 18). Ecru 48a nuka mpH pa3aMuHEIX 
yaCTOTAX HMGIOT OJMH2KOBYO BLICOTY HM POpMy NpH AorapudMu- 
yeCKOM MaCluTa6e YacToT, TO Kome6aHua OyRyT HMeTb OMHA- 
KOByl0 BeJIHMYMHY OTHOUeHHA 2/3, T.e. GyLyT ChalaTb 34 OAH- 
HaKOBOe KOAMYECTBO UWHKAOB, HO MepBOHauatbHaa aMIAHTy Na 
KO1eOaHuA 1A MHKa, pacno0KeHHOro Ha Oosee BHICOKOM YacToTe, 
6yneT Oonpuen. 

Tipu61amkenve KoneOaHna K CHHYCOMMe WAH KOCHHycONze 
yYAOOHO BHPasHTb Mp MoMOWAM dasoBoro yraa, KOTOPHIA paBeH 
Hy, Kora KoNeOanwe nmpenctaBaseT Co6of cunyconny. IIpu 
aHamH3e MepewaTOUHHX yHKWMA BMeCTe C rpadukoM MOAyaa 
nepeXaTOuHOM yHKWHM CTpoHTCA HM rpaduKk dasosoro yraa, 
NOCKOJbKy MepBhI OHH HE MOKCT MaTb BCe HeOOXOAHMBIe 
CBeeHHA O CHCTeMEe. 

Mlockoibky nepenxaTounad *yHKUHA ABAReTCA TakxKe Npeob- 
Ppa3sOBaHveM fd MMITYAbCHOM peaKWHH, TaHreHc daszoBoro yraa 
CCTb OTHOWEHHE MHHMOM 4YacTH mpeoOpasoBaHua K eHCTBH- 
TeIbHOH. IIpH moctpoenua rpadukos npeoOpasosanua aa 
ONe€HKH XapaKTePHCTHK CHCTeMBI B MepeXOAHOM Mpolecce mouse 
THe ya BHOCHT HeHyKHYIO CTyMeHb B WHTepmpeTauno rpa- 
dbuka. Bonee wenecoo6pa3no CTpouTb rpaduku yeficTBuTe.bHOn 
MW MHHMMOM uacTeH HENOCPeACTBeEHHO, BMecTe C OOmweH aM 
TYQOHM, Kak 9TO CHenaHo Ha cur. 9—17. JletictauTenbHas 4acTh 
y(s) pw m060f yacToTe nokasbiBaeT, B KaKOM CTemeHH H3Me- 
HeHwe BO BpemeHH 0, (f) conepxXUT KOCHHYCOMAY STOM 4aCTOTHI, 


@ MHHMaf 4aCTb nmpeoOpas0BaHHa yKasblBaeT, B KaKOM cTe- 
nenv §,(¢) caa3aHo Cc CHHYCOMMOM STOM 4aCTOTH. 





Anepneqnyeckne COCTABJAIOMHe H BTOpOCTeneHHble 
Kone6aHHn ) 


lipu paccmorTpennu MHOFHX MpaKTHYeCKHX 3aa4y npeoopa- 
sopaHHe Jlanmaca He cQOTBeETCTByeT Npeobpas0BaHUw 1a CTaH- 
qaprRoh cuctemp stoporg mopaaka. Torna 8 4,(¢), nomumo 
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OCHOBHOFO KO1e6aHHa, NOABATCH APyrnve CyllecTBeHHble COCTABAA- 
IOWIHe MH XAPAKTEPHCTHKY CHCTeMbI Hesb3A ye OyneT Npu6«an- 
2KCHHO MPeACTABAATb ONHOM-eCAMHCTBEHHOH 3aTyXxalolwew 9KCNO- 
HeHTOM. Pasnmune MexKLYy KpHBOA NpeoOpas0Banna AA CTanzapt- 
HOM CHCTeMbI HW LeMCTBUTebHOK KpHBOH y(s) 11a paccMaTpHBaemMon 
CHCTeMbI MOMKET ObITb HaHOOMbLIMM pH s== 0 u npH yBeanye- 
HHH S MOKET YMCHbIUAaTbCA HH Ke MPOABAATLCA B BUDE APKO 
BLIPAXKEHHOTO BTOPOCTeNeHHOrO MHKa. | 

B mo6om cayuae HHTepnpeTauuA KpHBOM OKHa HaudH- 
HaTbCA C OWCHKH OCHOBHOrO KkOseOaHuA MH NOCTPOeHHA COOTBET- 
cTByIOWeH “uacTH KpHBOH MpeoOpasoBaHuA. ITO Mactr HyAeBylO 
MHHIO, OT KOTOPOK OTCUNTHIBAeTCA pasHOcTb Ay(s). JlanbHeh- 
mee paccmotpenne Ay(s) uMeeT CMbICA B TOM Cay4uae, CCAM 
KpMBad MpeoOpas0BaHHA 3HAYHTebHO OTAMYAeTCA OT CTAHLapT- 
HOH KPHBOH; B 3TOM Cy4ae 

1) onpeneasemM, aBaneTca AM pasHocTb Ay(s) HanOonbueh 
mpH s== 0 u yMeHbUaeTCH AM OHA NO Mepe yBeAMYeHHA YaCTOTH, 
WH Ke OHA OONbIUe MpH yacTOoTax Oomee BEICOKHX, 4eM 0; 

2) ecan Ay(s) Gombuie Npu Gonee BEICOKUX YACTOTAX, ONpe- 
J@AA€M, ABAACTCA AM MAKCHMYM OTHOCHTeCJIbHO NMOAOTHM B UIH- 
POKOM JHama30He “YaCTOT WAH HMeeTCA APKO BLIPAKeHHHIA BTO- 
PHUHBIA MHK. 

Ecav pa3HOCcTb MaKCHM4aJibHa mpu s == 0 uw yMeubillaeTca np 
OOMbUIMX 3HAYCHHAX S, TO HMEeTCH allepHOAHYeCKad ACHMMETDPHA, 
MOMHMO HOPM@JIbHOM BEAMYMHbI ACHMMETPHH, CBA8AHHOM C OCHOB- 
HBIM KOWeOaHHeM. Beanunua y(s) npw s=O0 aBaaetca mMepon 
cpenHero 3Hayenua 9,(¢). Kaxaoe koneOanwe uMeeT omnpene- 
JIG@HHYIO ACHMMeTPHIO, KOTOPaA OOBINHO BO3pacTaeT NO Mepe 
ycueHHa 3aTyXann (Kora MOCAeROBAaTeAbHbIe NepHOL cyule- 
CTBEHHO pasauuaiotca). AcuMMeTpwyuHan coctTaBaaioman AG, (f), 
MMeIOULad MeCTO, NOMHMO OCHOBHBIX KOe6aHHM, MOKET OBITS 
OWeHeHa, ECM MONYCTHUTb, YTO OHA O1U3KA K SKCNOHEHILMAAbHOR 
dopmMe Cc HauanbHoH amnuautyon C, T. e. 





AQ. (y= Ce-'. (9) 
ITpeo6pazopanne 9TOrO npHOawxKenna OyeT 
| | pe 
A = : 0 
A eaererier (10) 


Mpu s==0 umeem Ay(s)=C/y. Tockoapxy 1/7 ABAACTCA 
MEPOM, NPOMQAKUTEABHOCTH ACHMMETPHYHOR COCTABAR OWNER, Har 
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YaibHad amnnutya Ay(s) npw s=-0 moxa3biBaeT Beanuuny 
acumMeTpHu AQ, (¢) TakuM 2%e OO6pasoM, KaK BbICOTa NKa y(s) 
ykKasbipaeT Ha: pasMax KOeOaHHH. [IpuOamKenHbIe OUeHKH 
aMIJIHTY Ab H MOCTOAHHOM BpeMeHH MOryT OBIT NOayyeH OT- 
R€AbHO, ECAH ONpeAeANTb 3HaYeHHE S== jw, NPA KOTOPOM y(s) 
pasuo 0,7 of ero sHayeHua npu sO. Ora Beawumna npu6an- 
SHTCJIbHO paBHa {; eCAH amnmauTryaa Ay(s) npuOapasetca anre- 
OpavueckH, &@ He BeKTOPHO K OCTaTKy y(s), TO aMnauTysa 
Ay(s) npu s'= jy Oyaet |C/(y-+/7)| nan (C/V 2 7). Tlocae 
ompexenenua' y MocTrosHHaa C MOxKeT ObITb NPHOAMWKEHHO BBIYH- 
CeHa 10 3Ha4eHHIO y(s) npu s=—O. 

Ha dur. 19 nokasanbl Ape XapakTepucTMKH HM Ux Npeobpa- 
SOBaHHA, HMEIOUMe Te 2K OCHOBHBIC KOMeOaHHA, HO PasAHUHble 
ROOaBOUHble ACHMMETPHYHHIe CocTaBaARioulMe. TlocrosHHaa Bpe- 
MCHH OJHOK Goubule, a APyroh MeHbIe MepHona KONeOaHHaA: 
BeanuwHa OGeHX aCHMMETPHUHEIX COCTABAIOULMX OMHAKOBA; 
NpeoOpa3so0paHuA MMeIOT OJMHAKOBLe MAKCHM@/IbHWe 3Ha4veHHa 
Ay(s) npu s==0, KoTOpble CeaaHit ROcTaTOUHO GOabIIMMH, 
YTOOH MpPOWAOCTPHPOBATh NMpeAblAyuee yTBepxKAeHHe. 3Ha- 
yeHHA w, MpH KoOTOpHIX Ay(s) B kKaxKaOM Cayyuae cocTaBaner 0,7 
cBoeft BeHYHHE! mpH s= 0, nokasaHn B TOouKax Au B aaa 
AG, (£) c Manoa H OOAbWIOM NOCTOSHHOM BPeMeHH COOTBETCTBEHHO. 
BuaHO, 4TO ‘9TH BeAMYHHH © eHCTBUTeAbHO CayKaT OUeHD 
XOPOIWWHM MpHOWOKeHHeM Y. 

Ecau MaKCHMaJbHaa pasHocTb Ay(s) uMeeT MeCTO IIpH 4a- 
CTOTe, OTIMYHOH OT HyAA, HO ABAAeTCH NOnorof Hw He HMeeT 
APKO BbIPaxKeHHOTO MHKa, BPeMeHHad XapaKTepUCTHKA, COOTBeT- 
cTBylolulad ef, MpeAcraBaseT coOOH HMNYAbC, NpOoMOMKUTeNb- 
HOCTh KOTOpOrO COOTBeETCTByeT NOAyMepHOAy uaCTOTH Bose 
weHTpa MakcuMyma Ay(s). Pasmax kKone6aHua wIM mpousBere- 
HH€ M@KCHM@AbHbIX 3HadeHHH Ha MpPOMOMMKUTeABHOCTD UMIMyJbCa 
aeT HaM BLICOTy MakcuMyma Ay(s) (dur. 20—25). 

Korga rpaduk mpeo6pa30BaHHa ComepoxKUT OTYETAMBBIM BTO- 
PHYHBIM MWK, 9TO COOTBETCTBYET OTYETAHBOMY BTOPOCTeNeHHOMY 
KoeOanHio. [Ipo6nema nHTepNpeTauuu COCTONT He B TOM, YTOOR 
OWEHHTb NapaMeTpbl KOWeOaHHA C TOYHOCTbIO B HECKOMbKO Mpo- 
weHToB. Cxopee OHa COCTOHT B TOM, 4TOOHI BOOOLLE YCTAaHOBHTb 
HaiHuve KoNeOaHHA WH ONpewemuTb, Ha KaKOM 4aCTOTe OHO Ha- 
GmwAaeTcCA HW KaKOBh! eFO AMNAKTYA8 H NMpOOMKUTeEADHOCTD. 
OTUX CBeNeHHA BNOAHE AOCTATOYHO, YTOOKI ONPeAeANTb, HaNpHu- 
mep, KaKO€) KOMYeCTBO SHEPrHM CHCTeMbI peryAMpoBaHHA 
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Bpema, cex. 


Pur. 19. [pumepp, wamocrpupyioune pesyabtat o6asBste- 
HHA aCHMMETPHU K 3aTyxalouleH KOCHHYCOH Ae. 
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Bpema, cex. 


Pur. 20. Tpadpuku npeo6pa3opanua Jlanaaca (Mogyan) u Bpe- 
MeHHHe KpuBne €~%2! cos fc BTOPHYHEIMH KOTeGaHHAMH, HMeN- 


IWWHMH Pa3sJHYHOeC 3aTy XaHHe. 
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Ce ce oon tle a 





pacxoayeTca np KoneOaHuax. STO OveHb BaxKHEIM BOMpPOC, Ha- 
IIpHMep, JA HEKOTOPHIX NHEBMATHYCCKHX YCTPOMCTB, rhe 3amac 
QHEprHH CHCTeMbI peryJHPOBaHHA OTpaHHuen. 





6 
Yacmoma , pad/cek 


6 fe ie a G4tsin Bt] 


| | 
| fe vesint nee Letsin8t | 
| 
i a fe b2tsint + 0/00-%2sin8t] 
ry ; 


Boema, cex. 






Pur. 21. [papuku npeo6pa3sopanuan Jlanaaca (Mogyan) 
H BpeMeHHbIe KpuBbre @-%2% sin ¢ c BTOPHYHBIMH KOe6a- 


HHHMH, HMCIWHMH Ppa3sHHIHOe 3aTyXaHHe. 


TIPHHUHNb! HHTepNperalun BTOpHYHOrTO MuKa OOHIYHO TakHe 
Ke, KaK MH Mp GOMbUIMX MUKAX, KOTOPble COOTBETCTBYIOT OCHOB- 
HOMY KoJeOaHHio. AMMAWTY24 HW NPOMOMKATeAbHOCTb, ORHAKO, 
neruye onpezensiotca WH OoOmee 4eTKO BbIPAKaoTCA B AOAAX 
AMITAMTY Obl WH MpPOROJKATe/BHOCTH TaBHbIX KOWeOaHHH, a He 
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B aOCOMIOTHLIX BeJMYMHaX. CaeloBaTeabHO, Mmpowecc onpese- 
Ae@HHA BEAHUHHEE MpeBbiueHHa Ay(s) Haq HyAeBOM AMHHeH CBO- 
RMTCA K apH@MeTHYeCKMM JeHCTBHAM, BMe€CTO MIPHMCHeHHA as- 
re6pH KOMIMMeCKCHLIX BeHUHH. STO He OUeHb TOUHBIA, HO OObINHO 
BNOJHE yOBNCTBOPHTeADHHIA MeTOR. 


6 
QO 2 4 6 8 Id iZ 
3 Bpems, cer. 





Pur. 22. [papuxu npeo6pa3osanua Jlannaca (mMogyan) 
H BPeMeHHble KpHBble @-98¢ sin¢ c BTOPHYHHMH Komeba- 


HHAMH, HMCIOULMMH Pa3AH4HOe 3aTyYXanuHe. 


Ecav BTOpMuHbIf MAK OTYeTAMBO BEIpaxkeH, TO OO6BIMHO 
BTOPOCTeneHHble KONeOaHHA MMCIOT HECKObKO NMepHOnOB, Tak 
NTO YaCTOTa, Pa3sMaX HM 3aTYXaHHe MOTYT ObITb oOnpedereHbl 
B OTAeNbHOCTH. Da3za OOLINHO He MpeAcTaBAAeT HHTepeca. — 


7 Sox. 2356, 
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Pur. 23. Tpapuxu mpeo6pa3sopanna Jlanaaca (monyau) Hu 


BpemenHbie Kpusnie e~ cos ¢ c BTOPHYHLIMH KONeGaHnaMH, 
HMCHOILHMH Pa3AHYHOeC 3aTYXAHHE. 
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Bpema, cex. 
Pur. 24, [paduxu npeo6pa3zosanna Jlanazaca (Mozy an) 


M Bpemenuele KpuBple @~ %** sin ¢ ¢ BTOPHYHBIMH Koue- 
OaHHAMH; Pa3bl BTOPHYNEIX KOMeOaHHH OTAMYABI OT cpa3 
Ha pur. 20—23. 


7* 
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Bpemsi, cek. 


Pur. 25. [padukun ‘mpeo6pasopanna.«Jlanaaca (Mony- 

an) 4 Bpemenuste Kpusbie e~%" cost co BTOPHUHbIMH 

KOAeOaHHAMH; ()a3bl BTOPHUYHEIX KOMeGAHHH OTAMYHbI OT 
(paz Ha mur. 20—23. 
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Ha our.’ 20—25 npusezenn rpadukn mpeoOpasopanusn u 
BPeMeHHHIe XAPAKTeEPHCTHKH, B KOTOPbIX, KPOMe OCHOBHEIX, MpH- 
CYTCTBYIOT |TakKxKe HeOOAbWIMe BTOpOCTeneHHbie KONeOaHHA. 
AMNAMTY2a BTOPHYHEIX nuKOB cocTaBaseT 10°/, ocHOBHEIX mH- 
KOB, @ YacTOTa HX Ha TPH OKTABHI BhIe. OOKYHO HEBO3MO2KHO 
HHTEPMpeTHPOBATb BTOPHYHbe MHKH, KOTOPble HMeCIOT MeHbLYI0 
OTHOCHTeAbHY1IO aMNAMTYy WAM KOTOpHIe pacnonoxKeHH GunrKe 
K OCHOBHOMyY MMKy, 4eM yKa3aHO BBIlle. 

Ha rpadukax mpeccTaBleHbl ueTbIpe THMa OCHOBHBIX KOe- 
Gann — CHHYCOHa H KOCHHYCOMMa C OTHOCHTebHO OO/bINMM 
gaTyxaHvem (@== 0,8) H MaabiM 3aTyxaHHem (a= 0,2). K kax- 
ROMy M3 9THX KONeOaHHuH Ha dur. 20—23 npuOaBaaetca Tpu 
BTOPOCTeNeHHEIX KONe6aHHA, KOTOPble HMeIOT PasJHYHble Bes- 
WHHBI 3aTyXaHHA. Tpv BTOPHYHHIX MHK&a Ha OMHAaKOByi0 Be- 
AWYHHY MpeBbWaioT HYJeByIO JAHHHIO KpHBOH npeoOpaso- 
BaHHA. | 

Kak H CyleqOBa1O OXKNLaTb, NAOWAK MOA OrnOaiouluMu 
BTOPOCTeNeHHHX KOneGaHnh coctasamoT oKono 10°/, ot ma0- 
ulanefH OCHOBHEIX KOAeGaHuf. Han6onee nonorve BTOpHuHble 
MMKH Ha rpatbukax NMepekaTOuHOH *yHKUHH, He HMeIOULHe APKO 
BbIPa2KeHHbIX| MAKCHMYMOB, JaloT B COOTBeTCTBYyIOWleH BpeMeH- 
HOM XapakTepHCTHKe OTAeAbHbIe MOAYNepHOAW WAM MMIyJIBCHI. 
Ilo Mepe Toro Kak BTOPHYHbIe MMKH B KPHBbIX NpeoOpasoBannA 
CTAHOBATCA ti 3AMeETHBIMH, BO BPeMeHHBIX XapakTepUCTHKAaX 
NOABAKeTCA OObIee YMCO NepHOloB; aMnauTy2a ornOawweh | 
yMeHbUIaeTCA. HM AAMTeAbHOCTh Mpouecca yBerMuMBaeTCA. 

Bce sropocteneHHile Ko.le6aHua, NpuBeReHHble Ha pur. 20—23, 
ABIAIOTCA CHHYCOMDaIbHEIMH. Jia Toro 4TOObI MOKa3saTb, 4TO 
ca3sa BTOpOcTeneHHoro KO/eO6aHHA He BAMACT CHAbHO Ha KpH-— 
Byl0 mpeoOpa3osanna, Ha pur. 24 u 25 Kk TeM %Ke CaMbIM OCHOB- 
HBIM KOJeOaHuaM, YTO HM Ha ur. 20—22, noOaBamoTca BTOpHY- 
Hbe KOJeOaHHA B BHe KOCHHYCOHL. 








PeakuHv Ha pa3JM4HblIe BXOAHBIe CHrHaJbl 


IIpu wHTepnpeTauMH KpHBEIX mpeoOpasosanua Jlanaaca, 
noxasyA, HanOo1ee TpyHO YCTaHOBUTb TOT *akT, 4TO KPHBaA 
nepeaTOuHOA yHKUMH COOTBETCTByeT BPeMeHHOM peakWHH Ha 
CQHHHYHBIA MMIyYJAbC, NOCKOAbKy Mp MpoBeweHHW SKCMePHMeH- 
TOB HW Np pacueTax MMeeTCA TeCHNCHUMA CBA3HNBaTb 4YaCTOT- 
HylO XapaKTepHCTHKy C BpeMeHHOM peakuweh Ha e2MHHUHEA 
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cTyneHyaTHA BxXOHOH CurHal. OTO He HaHOCHT yulep6a 3aBH- 
CHMOCTH fepewaTOUHOK dyHKuMH OT CTyMeHyaTOrO BXOa, 
oHako Oonee yOOHOK OCHOBOM Ain CpaBHeHHA HM OLeCHKU peak- 
WH CHCTeM Ha pa3JIM4Hble MeHCTBHTebHble BXOWHbIe CHTHAaJbI 
ABIACTCA MMIYAbCHad peakllua cucTeMbI. []o9TOMY BCe KpuUBbIC 
npeoOpa3s0BaHni, ONUCHIBABLUMeCA HO CHX NOP B WaHHOM CTatTbe, 
ABIAIMCh IpeOOpa3s0BaHHAMU MMILY/IbCHEIX peakuMh. Korma uccue- 
yeMaA CHCTeMa NMpHHaanexkuT K OOMbWIOMyY KAaCCy CHCTeM 
C JIMHeEHHBIMH COCpeOTOUCHHBIMH 9JIEMCHTAMH, TO MpeoOpa3osza- 
Hue OT peaklHH Ha OOOH BXOAHOM CHrHadl HaXOAUTCA MpocTo 
YMHOXKeHHeM MpeoOpasoBaHnsA OT HMMYJIbCHOH peaKILMH Ha Mpe- 
oOpa30BaHve WaHHOroO BXOJHOrO CHrHaja. KpuBylo MpousBese- 
HUA MOMKHO 1pOaHaAM3UpOBaTb MCTOaMH, MPUBeeHHLIMH B STON 
CTaTbe, H TaKHM MYyTeM OLLCHHTb peaKUMIO Ha HHTepecyloului 
Hac BXOMHOM CHrHad. 

Bawuauve BXOQHOTO CHTHada WAM BBIHYKUalouwleh CHB Ha 
MMHeEHHYIO CHCTeMY MIPOABAAeTCA, BO-MepBbIX, B BOSHHKHOBeCHHH 
yYCTaHOBHBUUIerocad HM OCOOOrO MHTerpabHOroO UeHa B peakLn 
H, BO-BTOPHIX, B NepepacnpeAeJeHHK BEJMYHH Pas/IM4HbIX ObICTpoO- 
3ATYX@IOULMX YICHOB HAW AMONOJHUTeAbHBIX dyHKuHA. Oba 9TH 
ABJICHHA MHTeEPeCHbI MpM aHasiv3e KpHBOM NpeoOpas0BaHuA|. 

BoJbUIMHCTBO BCTPe4aIOULHXCA Ha NPaKTHKe BXOAHBIX CHTHa- 
NOB MoMmalaeT B OAHY W383 CACMYIOULUX YeTLIPeX rpynn: 

1) cTymenyaTbi CKayOK CMeLIeHHA, CKOPOCTH, yCKOpeHua 
WT? Wes 

2) IKCNOHEHIMAAbHBIe MMIMYJbCbI e~™, rne a— nocroannas; 

3) KomeOaHuA, KOTOPbIe MOXKHO ANPOKCHMUPOBaTb CHHYCOH- 
MaM¥ C 3aTyXaHHeM WH 6e3 Hero; 

4) WMNnyaAbcbl pa3saHuHOK opMbl (MpaAMOyrO.IbHble, OCTPO- 
KOHeYHbIe H T. .), MpPOMOJKHTeEADHOCTb KOTOPBIX CpaBHHMa 
C MOCTOAHHBIMH BPeMeHH CHCTeMBI. 

peo6pa30BaHuA OT NepBow rpyNlbl CHrHaOB HMewwOT PopMy 
[l/s"], rae m paBHO eCMHHUe Did CTyNMeHyaToro CKa4uKa CMe- 
NleHHA, TBYM—~ Jia CKauKa CKOPOCTM HM TaK Nanee. OTH npe- 
o6pasopaHua o6paulaiotTca B GOeckKoHeyHOCTb npn s =O, HO 
CHJIbHO YMeCHbIUaIOT WOObIe BbICOKMe COOCTBEHHbIG YaCTOTHI 
B MMITY/IbCHOM peaKUHH CHCTeMBI. 

IIpeoOpasosanua BTopo rpynnt umewrT Bun [1/(s-+a)}. 
Takve @yHKUHH HHOrAa Mone3sHbl Mp empoOKCHMallMH HM- 
Ny/IbCOB HH MOCTeNeHHBIX NOAbeMOB (B KOMOMHALMK CO CTY- 
MeHbKOH). 
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TpeTba fpynna BXOMHBIX CHIrHaO0B uMeeT- NpeobpasoBa- 
Hus «Buna [1/(s?--a?)], rae a—uactota kone6anua. Onn 
OObINHO BOOaBAMIOT KONeOaHHA C 4acTOTOM @ K UMNYysAbCHOM 
peakHHH CHCTeMEI HW OCAaOAMIOT yKe NMpPHCyTCTByYIOWWNe KOue- 
Oanua. | 

IIpeoOpas0BaHvA MMMyAbCOB 3aMe€THOM NMpOMOMKUTeEAbHOCTH 


OOLIYHO COMP XaT TPancueHMeHTHbIe WeHEI Buda e °”, roe T— 
NOCTOAHH2A BPeMeHH, CBASAHHaA C MPOAOJKUTEAbHOCTbIO UM- 
nyabca. B HUX BXOAAT Take anreOpanyeckue WIeHbI, 3aBUCs- 
uve OT OPMbI MMMyIbCca. 

Kpupad mpeoOpasonanua peakiMH CHCTeMBI Ha eficTBHTeJb- 
HbA BXOMHOH cCurHaa OObIYHO MHTepmpeTupyetca cae NyIouluM 
oOpa3om: cnepBa ucCelyeTCA yCTaHOBUBIaACA peakKWMA, 3&TeM 
CTpOUTCH rpaduk ee npeocOpas0BaHHA H OMWCHMBAIOTCA pasMephi 
MK BUX MHKOB B OOmleM npeoOpasoBcHuH. WHorna ycTaHoBnB- 
WHACA “WICH |M3BeECTeH H3 TpaHHyHbIX 3HaYeHHA HAM M3 Apyrux 
ycnosui. B mo6om cayuae, ecau npeoOpasoBpanne oT peakHH 
pasyo OeckOHeyHOcTH nmpu s=0, To uMelOTCA NOCTOAHHBIE 
CME€LLeEHHe, CKOPOCTb HIM yCKOpeHue, KOTOPble OCTAaOTCA HeoNpe- 
TeseHHbIMH. 'Ecam mpeoOpasoBanve o6pailaeTca B OeckoHeu- 
HOCTb IIPH HEKOTOPOH YaCTOTe, OTAHYHOM OT HY AA, TO B peak- 
WMH MMeIOTCH yCTaHOBHBLUMeCA KOMeOaHHA 9TOM uacTOTH. Ecau 
npeoOpasopanve HMeCT TPaHCWeCHJeHTHHIA 4w1eH C NepHOAMUeCKH 
YePeAYIOWUMMHCA TPH yBeHYeHHH YaCTOTBE MHHMMYMaMH HM MaK- 
CHMyMaMH, TO BpeMeHHdA peakuMa OGBIHHO COMeEPXKUT MMNyaAbC 
WIM CepHiO MMMlybCOB, NPOMOWKHTEAbHOCTh KOTOPHIX MpocTo 
CBA3aHa C MépHOOM H3MeHeHHA Mpeobpasonanna. 

B kauecTBe npuMepa Ha cur. 26 nokasaHEl nmpeobpasosa- 
HUA PasMYHBIX PeaKUM CHCTeM, ONMCHIBAeMbIX AMppepenuMasb- 
HBIM YPaBHeHHeM D-NOpsyKa; COOTBETCTBYIOWWMe HM BpeMeHHEle 
peaKUHH NpHBeeHbI Ha Cur. 27. OTH rpa*uku Man AAA WAMO- 
CTpauMH pasIHYMA MeXKIy peakuneh Ha CAMHHUHEI MMIyAbe u 
Ha €QWHHYHOe CTyNMeHyaTOe CMelleHHe. PeakuMa Ha MMMyabe 
‘WaeT BEICOKOUACTOTHbIe KOeCOaHHA, aMIIMTYMa KOTOPbIX 3HauH- 
T@bHO BbI'e, YEM Y HH3KOYACTOTHBIX KONeOaHHh. B peakuun 
Ha CTyMeH¥aTOe CMELLEHHe aMIAHTy1a BbICOKOYACTOTHHIX KOJe- 
Oannit yMeHbUaeTCA QO 3Ha4eHHA, 8HaYHTebHO MCHbIIMX, 4eM 
Y HH3KOUACTOTHEIX. 

Peakuua 'CHCTeMbI Ha MpAMOYTOJbHbIM MMMyAbC H ee Mpe- 
oOpasoBaHke |TakxKe MOKa3aHbl Ha rpadukax, uTOOH aTb Kpar- 
KH MpHMep MpeoOpasoBanua C TP2HCLeHeHTHHMH PYHKWHAMH. 
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Snecb MpHMeHHMBI Te Ke OOWMe MpaBua WHTepnpetTallun, 
Kak M paHbue. Bowbuime muku B npeoOpasosanuu Jlanaaca ') 
YKa3bIBalOT Ha HatMune KOWeOaHHH 3HaYMTeAbHOM BeHUHHEI BO 
BPeMeCHHOH peakWHH, NpwyemM pa3Max KoNeOaHHA Moayyuaetcs 
KaK MIpOWsBefeHwe aMIIMTYAbl Ha BPeMA, MpOCyMMHpOBaHHOe 


6 





a ee 
I 2 § 10 20 50 
Yacmoma, pad/cex 


Pur. 26. Ppapuxn mpeo6pasopanna Jlannaca aA pa3sAHYHbIX BXOMHDIX 
CHrHaIOB B CHCTeMe O-ro NOpAyKa. 


1O BCeMy MIpOoMexKyTKy BpemMeHH. KpyTH3Ha KpHBOM XapakTepu- 
3yeT ObicTpotTy 3atyxaHua. Manenbkve nepHolMueckve MMKH Ha 
KpuBoh mpeoOpasopanua Jlanaca xapaKkTepH3yloT HaJIMuHe 
HMILYJbCOB B PeaKUHH, @ paccTOAHHe M@KY HX MaKCHMyMaMH 
‘Wo MHHMMyMaMH H@ KPHBOM NmpeoOpasoBpaHua 1aeT NOCTOAHHYIO 
BpeMeHH HAM MpOMOMKUTeEAbHOCTh uMilybca. IpesocxonHoe 
OMMCaHHe YACTOTHBIX KOMMOHEHT MMMysbca 2aHo TobaMaHom [10]. 

Vutepnpetauud KpMBbiX mpeoOpa30sanua Jlanaaca yka3aH- 
HbIM M€TOLOM MOKeET WM HE DaTb TOYHOM COpMbl KaKA0FO KOe- 
6anua B OOnacTu OKOIO f= 0, HO MaeT OYeCHb MOMeSHbIe CBee- 
HHA O BpeMeHHOM peaKLUHH. 


1) Umelotch B BUHAY MHKH Ha O6OOuleHHOH AMNAHTYAHOH “acTOT- 
No xapaktepucruKe, — //pu.n. ped, 
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Bpems, cex. 


Bpems, ceK. 


: 2sin SI 
key sin | 
10 1 





Bpems, cex. 


Pur. 27. Bpemenuda KPHBaA CHCTEMH O-TO NOPAAKA, COOTBETCTBYIOWMaA 
| (pur. 26. 


a— uMnyaLcabli 'Bxoa; O—cTynenyaTHh WH NOBTOpsOMMAcA NpAMOyroADHN HMMyAbC- 
: Hb BXOAB, 
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OdoOmenHe MeTOMa Ha CHCTeMbI C NepeMeHHbIMH 
KOSPMuUMeHTAaMH 


J[id CHCTCM, OTAHYHBIX OT CHCTEM C NOCTOAHHBIMM Mapa- 
MeTpaMH, T. €. JA CHCTeM, Y KOTOPBIX JA MOyueHHA Mpe- 
OOpas0BaHHA OT BbIXOAHOFO CHIHala HEOOXOMUMO PelUHTb ypaB- 
HeHve, OTM4HOe OT aireOpanyeckKoro, NepeMHOKeHHe Npeodpa- 
30BaHHH OObIUHO He3akOHHO. Jia TakKux cucTeM mpeoOpasoBaHue 
OT peaKUWHH Ha KeaemMbld BXOAHOH CHrHas HeEOOXOAMMO UCKATD, 
pela ypaBHeHHe OTHOCHTeJbHO y(S) MOCe MOACTaHOBKH mpe- 
OOpa30BaHHA BXOMHOFO CHrHaja B ypaBHeHHe. OnHako yacToTy, 
AMIIUTYAY WH 3aTyXaHHe KOeOJIOULHXCH YICHOB MOKHO, KaK 
PpaHble, OLCHHBaTb H CpaBHHBaTb, UCXOAA M3 KPHBbIX Npeob- 
pa3sOBaHHA OT BHIXOAHOTO CHrHasa JLO TeX Nop, noka mpeoObpa- 
30BaHHe MpaBOMeEPHO NoOMyuaeTcaA B BUDE WHTerpasibHoro ypaB- 
Henna (1). 

K CHcTeMaM, JIA KOTOpbIX IpHMeHeHHe NOHATHA NepeaTOUHOH 
(YHKWMH CTAaHOBHTCA TYM4HHbIM, HO Ha KOTOPbIe€ MOMKHO pac- 
MpocTpauuTb MpHMeHeHHe mpeoOpasoBanna Jlanaca, OTHOCATCH 
CHCTeMbI, OMMCbIBaeMbIE ANPPepeHWWabHbIMH YypPaBHeHHAMU 
C KOS@PUUMeHTaMH, JIMHEMHO H3MECHAIOULHMHCA CO BDPeMeHeM. 
Takwe CHCTeMbI MMeIOT GOMbWUOe MpaKTHYeCKOe 3HAYeHHE; MOITOMY 
MbI HCMOJb3YeCM OAHY H3 HUX Ad TOrO, 4YTOCKI NPOWANIOCTpUupo- 
BaTb, KaK H3 MpeoOpasoBaHuh, KOTOPHe He ABAAIOTCA OOBINHLIMH 
OTHOWWCHHAMM JLBYX PallMOH@/JbHbIX MHOTOUeCHOB OT S, MOKHO 
OWCHHTb OTHOCHTeAbHYIO YCTOMUMBOCTD. 

PaccMOTpHM CHCTeMY, B KOTOPOH BXOZ MH BbIXOA CBASAHBI 
CACLYIOWMHM COOTHOWCHHEM: 

(a,-+ bot) 865 + (a, + Byf) Vo + (Go + Bol) Vo = 9;. (11) 
B oOulem cayyae ypaBHeHne -ro NopAdAKa, B KOTOPOM KO9(- 
(PUUMeCHTLI H3MeHAIOTCA KaK r-A CTeMeHb OT ¢, MOXKHO Mpeodpa- 
30BaTb B AUdppepenuUMalbHOe ypaBHeHHe MOPAAKA 7 OTHOCHTEIbHO 
y(S), B KOTOPOM B kKO3iPuUNeHTAX YPaBHeHHA OTHOCHTebHO 
y(s) MoaBAneTCA M-A cCTeneHb OT Ss. Kanab wien ypaBHenHa 
npeoOpasyetca Ha OCHOBe MOMO%KeHUA, UYTO YMHOKenHHe Ha ¢ 
BO BpeMeHHOM OOAacTH COOTBeTCTByeT LHepecHuUHpOBaHHio NO Ss. 
IIpaktTuyecku AuppepenHuMalbHOe YypaBHeHHe OTHOCHTEAbHO § 
MOKeT ObITh pelleHO TOZbKO TOrAa, Korgma r==1, Tak 4uTO 
IIpHMcHCHHe mpeoOpasoBanua Jlannaca OrpaHH4uMBaeTCA ypaBHe- 
HHAMH, MOMOOHBIMM ypaBHennio (11), B KOTOpHIX KOIDULMCHTHI 
H3MeHMIOTCH Kak (Q-+ Df). 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


2. OrnocuTenonan ycTotuusocT 3aMKHYTbLX cUucTeMm 107 





Ucnoapaya penane meToab [9, 11, 12], npeo6pasyem ypas- 
Henne (11) mouneHHO B Cnenyloulee ypaBHeHne: 
— a,8*y (8) — 25% (0) — a, Oo (0) — 2b,sy(s) — 
— bys? y" (8) + bo (0) — a4 (0) + a,8y (s)— byy (s) — 
— bysy" (8) + agy (Ss) — boy’ (s) = L {8;(6)} (12) 





WAH 
— 9" (8) [bz8* + bys + bol + y (S)la28? + a48-+-49 — 26,8 —b] = 
== L {9;(£)} + 90 (O)laas + a; — b,]-++ 8 (0) a. (13) 


Pemenve maa y(s) vepe3s npeo6pasopanne Jlanaaca or 4, (t) 
MOMKeT ObITb MpecTaBAeHO B OOBINHOM Bue 


y(yxetd Par” lc wet fee ) (8) rH RD as |, (14) 








rae 
P (s) = (bys? + 6,5 + by), 
Q(s)=(a,s + as? a) —FE OI, (15) 
R (s) ='L {0;(t)} + 95 (0)[a,s + a, — b,] + 8, (0) ay, 


a C— Npov3BojbHaa MOcTOAHHAaA. 

Mbl BHMM, YTO BXOAHOM curHad 8; BXOAUT B BLIPaxkenue AA 
y(s) “epe3 WHTerpan uacTHOrO pellleHHA M NTO NpeobpasoBanne 
Jlanaaca oT 0;'He yMHOmaeTCa Ha NepeaTOUHy10 (yHKILMiO CUCTeMBI, 
a mosBiaetcd B R(s) NO 3HaKOM HHTerpata BMecTe Cc rpaHny- 
HBIMH yCOBHAMH. CpBoOonHoe pemleHHe Takoro ypaBHenna, 
Kak (13), oTHocHTenbHO y(s) He OO6s3aTeAbHO ABAReTCA Mpeocb- 
pasoBaHvem OT CBOOomHOrTO pemleHna ypaBHenua (11) o19 9, (2). 
Csao6oqHoe peueHve B ypaBHeHuu (14) BeneT ce6a Tak Ke, Kak 
MH CcBOoOonHOe pemenve 1060r0 Apyroro sAnuddepenwuarbyoro 
ypaBHeHHa; OHO NpHMensAeTCA, KOTa HeOOXORMMO yJOBeTBO- 
PHTb TPaHH4HbIM YCAOBMAM, HaJIO%KeHHBIM Ha y. OTH rpaHnyHble 
YCNOBHA YaCTO MOTyYaIOTCA M3 PPaHHyHbIX yCOBUM, HadaraemMbix 
Ha §,(¢) © MOMOLIbIO TeOPpeMbI O Ha¥abHOM H KOHC4HOM 3Ha- 
YeHHAX. 

Tak Kak juddepenimanbHoe ypaBHeHHe “”-ro nopsaKa 
C W3MCHAIOWMMHCA BO BpeMeHH KOSPuLHeHTaMH, NMOROGHO 
ypaBuenno (11), MowxHO npeoOpa30BaTb. B AuddepenunaAbHoe 
ypaBHeHHe MepBoro NOPAAKa OTHOCHTEBHO WS), TO, ECTECTBEHHO, 
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BOSHHKaeT BOMpOc, KaK M3 CAMHCTBEHHOrO ypaBHeHHaA MepBoro 
NOpadKa OTHOCHTeAbHO y(S) MOAyYNTh NMpeoOpasoBanua OT A 
COCTABAIOWUX CBOOOAHOTO pemleHua ad 85. Mpouecc norzyue- 
HHA aHaOrMyeH Mpoueccy, Koraa ypaBuenne (11) umeet noctosn- 
HbIe KOSPDPHUNEHTLI, 2 ypaBHeHHe (13)— anreOpanueckoe, a He 
AuppepenHivalbHoe OTHOCHTebHO y(s). [paHHuHple ycaosua, 
HaJIOKeHHbIe Ha Oy (£), BUMOHSMCHAIOTCA HM OOBIUHO BXOAAT B ypaB- 
HeHHe Jig y(S) B BHe M OTMEAbHBIX BEIHYKD4IOWNX CHA, KaxK- 
iad U3 KOTOPBIX MaeT 4YacTHOe pelleHHe Aa y(s) B BUe HHTe- 
rpana. Kaxkjoe pemenne aBiseTca IpeoOpas0BaHHeM OT pa3.IHYHbIX 
KOMOHHaLMK 9, (f). Kora HekOTOpble rpaHHyHble yC.IOBKa BbIMa- 
haloT B Npolecce npeoOpasoBpanutt, Kak 9TO HME€eT MECTO B NPH- 
BOJMMOM H¥)Ke MpuMepe, HeEOOXOLHMO UMCNOAb3OBaTb CBOOOAHOe 
pemenve 210 y. 

B Bue HpumMepa paccMOTpuM ypaBHeHve (14) B cayuae, 
Kora 


BxoHOM CHrHat BO3bMeM B BHae 6;(1) = a,-+- 6, (t) 6e3 Hauanb- 
HOrO HakKONAeHHA SHeprHun. IIpu sTHX YCAOBHAX yYCTaHOBHBUAACA 
YaCTb BbIXOMHOTO CHIHa/la paBHa MOCTOAHHOH WIM eAHHHLe. 
Ecau Q(s)/P(s) pa3102%KUTb Ha MHOXKUTeEAM M MOACTABHTb B HHTe- 
rpat ypaspyenna (14), To NomyunM BbIpakenHe Aaa y(s): 


= 1 = 9,09 + 0,3 s 10 
Ire [s2-+.0,6 s+ 9,09]'2 lc f (s2+-0,6 s+-9,09)/2 52 ds] : 
(16) 


Takum oOpasom, 
C 


1 
[s?-L0,6 s + 9,09] ae (17) 


y(S:)= 


Ha cur. 28 noka3aHa KpvBaa nepBoro uiena y(s) ypaBHe- 
Hua (17). Haatmune muka ykKa3blBaeT Ha TO, YTO BPeMeHHANK peak- 
una 65 (¢4) comepxuT KONeOaHHe, HMeIOWlee OTHOWeHMe 3aTyXa- 
Hue/uactota (a/8), mpHOrmusuTetbHO paBHoe 0,5, u uacTOTy 
KoNeOaHHh oKoN0 3 pad/cex. Ha mur. 28 mpuBeneHa TakxKe 
BPeMeHHAd peakKLHA, NOyYYeHHaA C MOMOLIbIO 9EKTPOHHOM MO- 
new 2a TOK Ke CHCTeMBI MPH HCNob30BaHHM ypaBHeHHs (11). 
Popma ornOawulel 4 CaMH KOe6aHHA BpeMeHHOH peakUAu Coraa- 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


2. OrnocuteAonan yctotausoctd 3aMKNyTbIx cucTemM 109 


CylOTCa C OWeHKOM, AaHHOM Ha OCHOBe KpHBOM NpeoOpasoBanua. 
Jima yaoOcTBa MOReAMpOBaHHA MpH NoOAyyeHHH BPeMeHHOH 





y 
HS) _ ET 2 Hox pyHkuun 
yacmomot 


57+0.65+9.0 





Pur. 28. Fpapuku mpeo6pa3zosanua wu Bpemennda 
KPHBaf, COOTBETCTBYlOWaA yRoeeeee (11) npx ag = 0; 
b,=1; a= 1; by = 0,6; a= 3; Bo = 9,09 u 0; (f) == 10f¢. 


’ 


peaKuHH, MpHBeneHHOK Ha dur. 28, B3AT BXOMHOM CHrHad 
B BUNe NpOCcTOR HaKNOHHOM @yHKuUHH, a He B Bue (4,-+ Jof). 
Takaf 3aMeHa He OKa3HBaeT BAMAHHA Ha KOeG6aHuA. 
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UroObl noka3aTb, Kak MpaBusla MHTeEPNpeTalWu KpUBbIX Mmpe- 
OOpas0BaHHaA AAA CHCTeEM C MOCTOAHHEIMH KOSHIMeHTAaMH 
MO)KHO NPHMCHHTb K CHCTeEMAM, KO3SPPULHEHTHI KOTOPbIX MEHAIOTCA 


48 















40 

















eS — = pice sere 














| Ee 


Pur. 29. Comoctasjenne pewienuit re ypas- 
HeiHH Cc rpadukKaMu mpeoOpa30BaHHsA, MMeIOULHMM OHHaKO- 
BLI€ MHKH Ha Ppa3AHYHbIX YacToTax. 


Hapepxy —rpaduku mpeo6pa3zopanua Jlanaaca Aas pemenun 
Aude penunanbHX ypaBHeHH a — 2. 
Bunsy — BpeCMeHHbIe KPHBble. 


A: £6 +(1+0,6¢) 6 +(0,34-9,097) 0= 10¢; B: + 0,6 649,090 - 10; 
B:t8 +(140,64) 0+ (0,3 +36,39¢) 9=40¢; 7:6 +0,68 +36,390=40, 


CO BPeMeHeM, YMHOXKHM 3HayeHHe Jy B BLIPAKeHHH MpeAbiAy- 
utero mpumepa na 4. Kpuspas aaa y(s) Ha ocHOBe ypaBuenua (17) 
pH yBeMYeHHOM 3HayeHHH by nocTpoena Ha dur. 29. Popma 
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NWKa He H3MeHAeTCA, HO MMK CUBMraeTCA Ha YaCTOTY, paBHYyIO 
YOBOCHHOMY Ha¥atbHOMy 3HayeHMio. V3 cpaBHenna KpMBbIX Mmpe- 
OOpas0BaHHA MOXKHO 3aKJIOUHTb, YTO yMHOKeHHe by Ha 4 He 
H3MeHAeT COpMbI OFrHMOaioulel BpeMeHHOM peakHM, HO yABaH- 
BaeT “aCTOTY' B Mpewetax BpeMeHHOH peakiwMM. OTo noATBep- 
KaeTCA KPHBbIMH BPeMeHHOM peak Ha dur. 29, KoTopbie 
COBEPINe€HHO 4HaOrHyHbl KpHBEIM cur. 18. 

IipH W3y4¥eHHH CHCTeM C MepeMeHHBIMA KoadpHUNeHTaMH 
yYaCTO MpPHMeHAeTCA METOL MUKCAWMN KOIPpuuHEeHTOB. B AaHHbIXx 
MpWMepax, ecu ¢ CTaHOBUTCA OY¥eHb GOJbIIMM, MOKeT OKa- 
3aTbCA BNOJHE ONPaBAaHHbIM Weenhe ypaBHeHua Ha ¢f. Bmecto 
ypasBHenua (17) moayyaem Torga anpokKcuMallMw npeobpasoBa- 


HHA B Bue 
C 


— FO= SEES FIT (18) 
ITO mpeoOpasopanne, a TakxKe aNpOKCHMallMA Aaa cayyas, 
Korda by yMHOxKaeTca Ha 4, NocTpoeHb! Ha dur. 29 ana cpaB- 
HeHHA C TOUHBIMA MpeoOpasoBpanuamn. ChesanHble 10 9THM KpH- 
BbIM OIe€HKH BPeMeHHOM peaKUMH MOKA3bIBaIOT, YTO NPHOAMKeH- 
Had BpeMeHHad peakKUMA 3aTyXaeT MeHee GObICTpO, 4eM TOYHAA 
peaks, T. €. NHK KPHBOK, MOy4YeHHOH Ha OCHOBe ypaBHeHNa 
(18), 6omee kpyTo#. Bpemennsie peakuMu, moayyeHHble Ha MO- 
eA AAA ampOKCHMaWHH MOCTOAHHLIMH KO9I@pulWeHTaMH, Nnod- 
TBEPAHIH MpaBHbHOCTb TaKOH OWeHKH. OTO NOKa3sblBaeT HeNO- 
CTATKM NOMOOHIX allpOKCHMal\MH; KpuBad TOYHOTO MpeobpasoBa- 
Hua Jlanaaca OT @yHKWMH BpeMeHH aeT *KeTaeMy1O HHqopMaunio 
O BpeMeHHOM peakuuH. 
MCeHHbIe 3HaYeHHA B MpHMepe ypaBHenua (13) u mur. 28 
H 29 BuOpaHbt Takum O6pa30M, “TOOK NOAyuMTb Brome npo- 
cTOe pelleHve Aa y(s) B 3aMKHYTOM Bune. B 6onee COKHEIX 
cayuaax moTpeOyerca cHcTeMa pellleHHi WIM %Ke apn pemeHun 
AUpPepenWMasbHOrO YpaBHEHHA OTHOCHTeEABHO Y(S) MOMKHO BOC- 
NOAbSOBaTbCA OCOOLIM MPHeMOM, HaNpuMep MpeNOAOKUT, 4TO 
BXOJHOM CHIHad MpHKAaQbiBaeTCA B MOMCHT BPeMeHH, OTAMUHEIH OT 
t=-0. Kpome Toro, MeToa noayyeHna npeoOpasosanuht oT peakuuit 
CHCTEM, NapaMeTPbI KOTOPBIX HE COCpeAOTOYUeHLI HW HE NOCTORHHH, 
NO AM@depenlivasbHIM YPaBHeHHAM He ABAAeTCA CAMHCTBEHHLIM. 
SAeCb KPaTKO! MpPOWMIOCTpHpOBaH MeTO HaxoxKLeHHA y(s) no 
AuppepenunaAbHOMy ypaBHeHHlO, TaK KaK OH Hurse He pac- 
CMaTpHBaeTCA MOApOOHO. OHaKO BO MHOFHX MpeBOCXOMHBIX 
KHMraxX aloTcd Apyrve MeTOAb NoAyYeHua npeo6pasoBannht 
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= a RE LS LE = eR. Ae cere mere? 


Jlanaaca. Jlo Tex nop moka npeoSpasoBanne paBHO UNTerpaay 
ypaBHenna (1) u 2O TeX MOp NOKa OH CXOMMTCA, O CBOMCTBAX 
peakUWH CHCTeMbl MOXKHO CYAHTb MO KpHBOK mpeoOpa3zoBanuag. 

VMppalouanbuble WJeHbl, MOABAAIOWHeCA,. HaNpuMep, B ypaB- 
HeHHH (17), ABAAIOTCH THIMUHBIMM 3/JICEMeHTaMH MpeoOpas0Banutt 
OT peakilu CHCTeM, HMCIOULHX MCHAIOWHeECA CO BPeMeHeM KOM- 
NOHeEHTHI. Oco6nit BaxkHBIA Cayyah CocTaBAaIOT NpeoOpasoBaHnA 
OT TaKUX (PYHKUHH, Kak OecceseBL, He HMeIOLMe LeMNdupyi- 


ULHX YIeCHOB NO paiuKasomM. Ecau noctpouTp npeodpasopanue 


(d/V s+ 1) of OecceneBoh yHKWHU HyTeBoro NopaaKa AAA 
YHCTO MHMMBIX 3HaveHHh S, TO KPHBaf YXOAMT B OeCKOHCYHOCTh 
np s==1, To, oveBuAHO, yKa3blBaeT Ha HaMuHe HesaTyXalo- 
WIMX KOJeOaHHH MH Ha HeycTOHMuNBOCTb CHCTeMbI. M3BecTHO, 4TO 
cpyukuua Beccesn /)(f) yctounpa, KoHeuHa B Hayane KOOpAN- 
HaT MW 3aTyXaeT NPHOAH3HTebHO KaK CHHYCOHa C MHOKUTe- 


eM d/V t) mocae HeECKOJbKHX nepHonoB. OnHnako ornOaioulasn 
OecceneBoh yHKUMH 3aTyXaeT TaK Me€JIeHHO, TO MHTerpat 
NO BPeMeHH OT HYyJIA 2O OecKOHeYHOCTH paBeH ‘OecKOHeYHOCTH, 
CCH HE BKJIOUMTb MHOXKUTeAb CXONMMOCTH (T. e€." ReHCTBUTesb- 
Hy!0 UaCTb) B 9KCMOHEHTY Apa NpeoOpasoBanusa. STO cTaHoOBUTCA 
NOHATHBIM, ECAH BCMOMHUTb, YTO HHTerpaa OT Hy.IA BO 6ecKo- 
HeyHocTH OT [1/(¢-+@)] paBeH OeckOHe4yHOCTH, B TO BpeMA Kak 


wHTerpaa oT e ”” KOHeueH He3aBHCHMO OT 3HaYeHHA a ub (HCK.110- 
uaa HyweBoe 3HaueHHe). (BeauunHa @ BKOYaeTCA B byukuuo 1/f, 
UTOOLI OH OCTAaBalacb KOHeEYHOH mpn f= 0.) 

{ia MHTepnpeTauuH Takoro NpeoOpasoBannsa, Kak mpeob- 
pasopanne OT dyHkKunu Beccers, MOKHO NOcTpouTb mpeobpa- 
SOBaHHe, NPHHAB, 4YTO S ABARETCA KOMMANeEKCHOK BernUHHO, 
uMelolWeH, KpOMe H3MeHAIOWeHCH MHHMOM YaCTH, MayIO @uKCH- 
POBaHHylO WeHCTBHTe.ibHy!0 uacTb co. Kpnpaa Oyner uMeTb Ma- 
KCHM@a/JbHOe 3HayeHHe Mpa yacToTe KOveOaHHH. J]aa owenHKu 
pa3smMepoB KONeOaHHH MOXKHO HaliTH 3HaYeHHe Npeo6pasoBaHnA 
OT HesaTyxaiolmeh CHHYCOMAbI TOM Ke YacTOTLI, Hanpumep 
[1/(s?-++ 1)], ucnoapsya Te xe aAcHCTBHTeAbHyYIO HM MHHMY1O 
uacTH, MH CpaBHUTb NMpeoOpasopanve CHHYCOMAbI C HCCAeLyeMbIM 
npeoOpasospanuem. AOcomlioTHad ycToiuuBpocTb BCerfa MO*KeT 
ObITb yBeaMueHa ApyrumMu nytTamu [4,5]; nmpumenenve maazolt 
eHCTBUTeEADHOH YaCTH B S CipaBeAMBO JIA CHCTeM, O KOTO- 
PbIX H3BECTHO, YTO OHH HaXOAATCA HeateKo OT PpaHnubi 
oOaactuH ycTohunsocrtn. 
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Sakmouenne 


TIpeo6pa3opanne Jlanaaca mpouHO 3aHAAO CBOe MeCTO Kak 
MOLUHBIM cnoco6 pemeHHaA TpyMOeMKHX 3aa4, HO 3a HMM BCeraa 
ROWKEH ObI CeHOBaTb 3aKJIOUMTebHEIM §=©69Tal— oOpaTHoe 
mpeoOpasopaHue. Tenepb, O2HaKO, CaMO MpxAMOe MpeoOpas0Ba- 
HH@ MOMKHO |paCcCMaTPHBaTb KaK 3aKJIOUHTe/IbHDIA 9Tan. OHO 
o6pasyeTcA MyTeM MepeMHOXKeHHA H CYMMHPOBaHHA, KOTOPIe 
WMeIOT (pH3H¥eCKHe aHasOrH H MOryT OBITb serKO CemaHbl 
HarADHLIMH. Apo mpeoOpas0BaHHA MOMKHO CUNTATh CTAaHAapTHOH 
Win mpo6uo dyHkuneh, yacTOTy KOTOPOH MO%KHO MeHATD 10 
CBOeMY YCMOTPeHHIO 1A aHaJlH3a HeEH3BeCTHOM peakUHH H BBIAB- 
Je@HHA HaH4us B He TakOM xe YacTOTH. Jia OWeHKH raB- 
HbIX XapaKTepHCTHK BPeMeHHOK peakuMu TpeOyerca UMeTb JMIUb 
KPHBy10 npeoOpasopanua. OTO wMeeT BaxKHOe MpakTuyeckoe 
3HaueHHe, TaK KaK OOBINHO Aerye NOCTPONTb rpaduk npeobpa- 
3OBaHHA, 4eM MOAYYNTb OOPaTHOe Npeobpaso0BanHe, a 3aTeM 
CTPOHTb ero 'Tpaduk. 

Kpome Toro, oOaacTb NpwmMeHeHHA FrpadukoB npeoOpasosa- 
HH MO%KHO : 3HAYMTEAbHO paClIHpPHTb, PacNpocTpanHuB ee Ha 
CHCTeMLI, Jd KOTOPHIX MpeoOpasopaHve peaKUMH CHCTeMbI 
MOKeT ObITb, NOAYYeHO 3aKOHHbIM O6pa30M, HO AAA KOTOPbIX 
O6paTHoe mpeoOpaso0paHve, s#BAmOUleecA GyHKUHeH BpemeHn, 
NOJYU4HTb He TaK MerKO. 

B uccaelopatenbcKoh pa6ote, KOraa MPHXOAMTCA MCNOAb- 
3O0BaTb MHOMKECTBO MpOOHbIX PeweHHA Aaa NOAYYeHHA BOSMOKHO 
Gomee On3KOTO NpHOAWKeHHA K HKeMAeMOMY PesybTaTy, YaCTO 
npu6eraioT K MOMOWLM BbIMMCAMTebHEIX YCTPOMCTB WH MOde- 
nef. [aapHad 380a4a aHaHv3a C NOMOLbIO MpocTHx rpadukos 
COCTOHT TOrAa B TOM, UTOOK 3aaTb HalpaBAeHHe AAA padornl 
MOMelMpyloulero ycTpoficrsa fmyTeM = BbIdenweHHa OOaacTeh, 
KOTOpbie MOryT MpeAcTaBHTb HHTepec, M MpoBepHTb MpuHroz- 
HOCTb Pe3yJbTaTOB, MNOAYYeHHDIX Ha MOJean. Mcnoarb30BaHue 
rpadukos npeoOpasosannk Jlanaaca mpuBoszuT K Oosee wHpo- 
KOMY IIPHMeHeHHiO OTHOCHTebHO elweBbIX MATeEMATH¥eCKHX 
MONeeH 3a CueT COKpalleHHA KOMYeCTBa Ooee BOporoctoa- 
WWMX CbusH4eCKHX MOMeMUpylouMx ycTpolcts. 

Heo6OxonuuMO BCerga MOMHATb, 4TO YacTOTa B rpaduKe 
YACTOTHBIX XiaPaKTePHCTHK He sBAReTCA OOn3aTeAbHO YaCcTOTON 
YCTAaHOBMBWefOCA CHHYCONAaIbHOrO BXOMHOFO CHurHana; 9TO— 











8 3ax. 2356, 
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yacToTa KOJeOaHuA apa mpeoOpasopanua Jlannaca, KoTropaa 
HCNOMb3yeTCA OA avHanu3a mpeoOpasyemoh dynkunn 6, (2). 
ToabkO MAA CHCTeEM C MOCTOAHHBIMA KOSdNUMeHTaMH WIM 
AA CHCTeM, OJM3KHX K HUM, 9TA YAaCTOTa COOTBeETCTBYeT 
yYaCTOTe YCTAHOBHBIWerOCA HCMbITATEAbHOrO BXOWHOrO CHTHasa. 
TlepexonHad peakuua CHCTeMbI ABAACTCA OCHOBHOM xXapaktTe- 
PHCTHKOM CHCTeMbI, KOTOPadA MOKET HCHOAb3OBATHCA B NPaKkTH- 
4YeCKHX 3afauaxX WH MO BaKHOCTH PpaBHO3HayHa NepeaTOuHON 
dyHkuuw. Mutepnpetauua kpusoh npeoOpasospanua Jlanaaca 
He TpeOyeT HCMOb30BaHHA TAKHX YCTAHOBMBUIMXCH MOHATHH, 
Kak 3amac ycTohunpocTH mo dase WM aMNAuTye, Aaa Toro 
YTOOK. OMpeweNHTb peakKUHIO CHCTeMbI Ha MHTepecylouiM Hac 
MpakTHyecKH BXOMHOK curHaa. He3apucuMoO OT TOO, KaKHM 
MeTOROM MOyueHa KpHBaa, AO TeX NOP NOKa BeAHUHHA Ms0- 
Wau moO KpHBOK paBHa MHTerpasly ypaBHeHua (1), MeTOLHI, 
ONHCaHHbIe BbILUe, MOMKHO MPHMCHATb JIA OWeCHKH BDeMeHHOHK 
peaKuun. 

OTO paclMpsxeT BO3MOKHOCTH MpakTHYeCKOTO HCNOAb30Ba- 
HHA MeTOJa, HalmpHMep, Mp MCMBITAHHAX CAOMKHEIX 9/ICEKTPOMEe- 
Xa4HHyecKHX cucTeM. T[lepexoaubie mpoueccht O6bINHO aerue 
NOJYU4HTb, YM 4YACTOTHbI€ PeaKWHH, OCOOeHHO, KOra CHCTeMa 
COA€pAKHT MHOFO Me€XaHHueCKHX WAM aSpOAMHaMHYeCKHX 9JICMeH- 
TOB. Koraa wu3BpecTeH nepexoAHbIH mpouecc, TO nNpeoOpasosa- 
Hue Jlanaaca Kak qdyHKUMIO OT YaCTOThI MOX%KHO OMpeeUTb 
MeTOOM, OOpaTHbIM MeTOJy JaHHOh cTaTbu, a OTCWAa ye 
MOKHO OMpedeHTb peaKUHH Ha Apyrwve HHTepecylouluve Hac 
BXOJHbIC CHrHalbl. HeoOXOQMMO MOMHUHTb, 4TO eCJIM MPH 9KC- 
N€PHMeCHTAAbHOM HCC1eEAOBaHHH HCNOAb3SOBa-ICA, HallpuMep, CTY- 
neHuaThih BXOJHOM curHas, TO Nomyyaemoe Mpu 9TOM Mpeob- 
pa3sOBaHHe He ABAeTCAH YAaCTOTHOH peakiHeH B OOBINHOM CMBICAe, 
ecH efO He MpMBecTH B COOTBETCTBHe C He MyTeM YMHOXe- 
HWA Ha S. 

Kora B MepexOJHOM Mpowecce HMeeTCA HECKOJIbKO MepHo- 
NOB KOJeOaHHK, TO KpHBad MpeoOpas0BpaHHA COBeEPUIeHHO ACHO 
yKa3blpaeT Ha 9TO, a TakKKe MW HA Pa3sIMUHA OTCAbHbIX CBOLCTB 
peakunH. OHakO OOJbLIKHCTBO Ce€pBOMeXaHH3MOB Ha MpaKTHKe 
pacCuMTHhIBaeTCA TaK, UTO OCHOBHOe KOMeOaHHe 3aTYXaeT TO/IbKO 
mocse MByX HAH Tpex sBcnueckoB. Moker NoKasaTbCa, YTO 
TPYQHO ONpeaenuTb, HAaNpWMep, NO OTHOCHTe/bHO pa3MbITOMY 
NWKY KPHBOK npeoOpasoBaHna, NpeACTaBAAeT AM peaKUMa 3aTy- 
xaloulee KONeOaHHe WH CYMMY HeCKOAbKHX S9KCIMOHCHILMAIbHbIX 
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yHkunh. STO ne ABAAeTCA MPUHUMNMAAHLIM OrpaHwueHvem TOU- 
HOCTH, a CKOpee yKa3blBaeT Ha TO, YTO BPEMCHHYWO PeaKLHO MOXKHO 
AN€KBaTHO ONHCaTb Oonee 4eM O2HHM cnocobom. Mertoa anpo- 
KCHMalMH peakuHh XOpOUlO AeMN@HpOBaHHbIX CepBOMeXaHH3- 
MOB HCIO/b3yeT TO, TO KONeOaHHe, COCTOALIEe TOAbKO H3 
HECKOJIBKHX BCIVIeCKOB, MOMKHO NpeACTaBHTb ABYMA WAH TpemA 
Pa3AH4HEIMH MOAOKHTEABHBIMH HW OTPHLAaTeJIbHbIMH 9KCNOHEHILMAJIb- 
HbIMH WIeCHaMH MOUTH TaK 2%Ke€ XOpowo, KaK MH 3aTyxalouleh 
cHHyconJoh tuna e—%cos(wt+¢). OTo pacnpoctpansertca 
TakxKe H Ha KpHBbIe npeoOpasoBauna Jlanuaca. TipHyuunuaibHo 
BaXKHHM ABAAETCA TO, ITO MaHHad *opMa Muka KpHBOH mpeo6b- 
Ppa30BaHHA CBASbIBaeTCA C ONpeweneHHOR dopmMoh nepexogzHoro 
mpowecca, Npwyem He pacCMaTPHBaeTCA “POpMabHOe MaTeMaTH- 
‘“eckoe BbIParkeHve, OMNHCbIBalolee MepexOAHHIM mpouecc. 

)KesaTetbHO OTMCTHTb elle OHY OOaCTb BO3MO%KHOrO 
OG6OOUeHHA YACTOTHHIX rpacHKOB, XOTA 9TO H He COOTBETCTBYET 
CTporo MeTOAY, H310%KeHHOMY B 9TOM cTaTbe. Hafiksuct, a 3a 
HUM MH MHOrWe Apyrve aBTOpH MpH paccMOTpeHuM rpaduKos 
KPHBbIX HCNOb30BaIH KOMMACKCHYIO YaCTOTY, T. e. KaK 
‘eACTBUTeAbHYIO YaCTb 6, TaK H MHMMYIO 4YaCTb © ome- 
patopa s. 

Bo3MO2KHHI pas/H4uHble NOLOOHbIe O6OOuleHHA OOBIUHEIX YACTOT- 
HBIX KPHBBIX H, M0-BHAHMOMY, OHH B OTCJbHEIX Cayyaax O6.1a- 
aioT PADOM' MpenmMywiecTs. Hanpumep, cTeneHb 3aTyxaHuA 
OTMEAbHOrO KONeOaHHA MO?KHO OMPeLeAHTb COBEPLIeCHHO TOYHO, 
NPpWpaBHAB MHHMY!IO YaCTb S NMOCTOAHHOM, paBHOKM 4acTOTe Koule- 
GaHHH, WH NOCTPOHB BbIpaxkeHHe aa nmpeoOpasoBaHuA B Bue 
PyHKuHH OT ‘ReAcTBHTeAbHOM uactu o. Mcnoab30BaTb MoO02KH- 
T@JbHBIe 3HaYeHHA GO OKa3bIBAeTCA HeMOMOTBOPHO. IIpu oTpu- 
WaTCAbHBIX 3HAYCHHAX MWK KpHBOK HaOmOAaeTCA MpH 3HAYeHHH G, 
COOTBETCTBYIOLMEM 3HAYeHHIO 3aTYXaHHA KONeOaHHA. Ota onepa- 
WMA CBOAHTCH K HCCACXOBaHHIO paCNO/IOKeHHA MOIOCOB Mepe- 
HaTOUHOK PyHKWAH CHCTeMbI B AeBOM NOAYMAOCKOCTH KOMILIeKC- 
HoH uactoTb. TlocrpoeHHad Mp 9TOM BeMUHHa He COOTBeET- 
CTByeT NOJHOMY HHTerpany, MaHHOMy B ypaBHeHuH (1), 
a omnpeteineT cCkopee TOJbKO HWKHHK Mpeden OTPHWaTesb- 
HLIX 3HayeHHH co GONbUIHX, YeM BeLECTBeHHaA 4acTb «1060r0 
nowoca nmepemaTouHoh dyHKWHH. OTOT HWKHHA Mpewea, HAH 
nepewaTounad yHKWMA CHCTeMbI, CBASAH C BPCMeCHHOM xapaKkTe- 
PHCTHKOHM yepes HHTerpan OOpaTHOrTO mpeoOpaso0BaHuA, a HE 
yepe3 HHTerpal ypaBuenna (1). 

| 








g* 
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H MEPEXOJLHbIM MIPOLLECCOM CHCTEMb!I ABTOMATHUYE- 
CKOFO PErYJIHPOBAHHSA C OBPATHON CBA3bI0 1) 


H. Wy 





Beezenne 


XapakTepuHCTHKH CHCTeEMbI ABTOMATHYeCKOTO peryAMpOBaHHA 
C oOpaTHOn cBA3bIO 4aCTO ONpeeamOTCA NO NepexoHOMy Npo- 
Wieccy, BOSHHKaIOWIeMy MPH MpHAOKeHHA CTyNeHYaTON PyHKULMH 
Ha Bxole. BHesamHoe HM3MeHeHHe BXOJHOFO CHIHaa HAW BO3MY- 
WCHHA MOMKET COOTBETCTBOBATb BaXKHbIM ACHCTBHTeCAbHBIM YC.IO- 
BuaM pa6oTsl| cucTeMbl. Onnako, Korga CHcCTeMa HMeeT XapaK- 
TePHCTHYeECKOe yPaBHeHHe BbICOKOTO NMOpsAaKa, CHHTe€3 HAM 
pacueT CHCTeMBI MPH TaKOM BO3AeHCTBHH MaTeMaTHYeCKH TPyAHO 
BHITIOHHM. B CBA3H C STHM Obl Pa3BHT H WHPOKO MpHMeHAeTCA 
yaCTOTHBIH MeTON. OueBuaHO, OUeHb %KENATEALHO 3HATb CBASb 
MeKAy YacTOTHOM XapaKTepHCTHKOM H MepexOAHbIM MpoLec- 
COM. : 
MatTemMaTHNeCKH TaKy!O CBA3b MO2KHO YCTaHOBHTb Mp Mo- 
MOLLH mpeoOpasoBanua Pypbe. Ho sToT MeToa He paCKpbIBaeT 
cpusnueckoH CyUIHOCTH sABNeHHM H MOSTOMy MPHHOCHT Ma10 
NOAb3b MPH pacueTe CHCTeEM ABTOMATHYECKOrO peryMpoBaHHA. 

KoaMuecTBeHHY!IO CBA3b M@XKNY YaCTOTHOM XapakTepHCTHKOK 
HM NepeXORHHM MpoweccoM OGbMHO TPyAHO cd#OpMyAMpoBaTb 
B oOulem Bue”). 

Baarolzaps HMCNOAb3OBaHHIO- METOXa KOpHeBOrO ronorpaha, 
passuToro QsaHcomM [1], cTanO BO3MOX%XHBIM yCTaHaBMBaTb 
XapakTep Tako CBA3H, KOra H3BeCTHA CBASb MeKTY aMIAK- 
TYAHO-a3z0Boh XapakTepucTHKOH HM KOPHeBbLIM romorpadom. 
TouHH xapaktep 9TOM cBA3H OyeT 3aBHCeTb OT KOHKPeTHOFO 





1) Chu Y., Trans. AIEE, Part II, 72, 8L—92 (1953). 

4) Skecb MOXKHO yKa3aTb Ha METOX aHaiu3a CBOHCTB Nepexoguyoro 
mpowecca, ag ali B. B. CoNOXOBHHKOBBIM, KOTOPbIH OCHOBaH 
Ha H3YYCHHH CBOHCTB BeUleCTBEHHOH YaCTOTHOK XapakTepHCTHKH H 
CBA3H M@KAY HeH HM NepexOHbIM Mpoweccom (cM., HampHMep, ,OCHOBHI 
ABTOMATHYUeCKOrO peryrupoBaHHaA* nog penx. B. B. Corgzosynkona, 
Mawrus3, 1954)\— //pum. ped. | 
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Bua cucTeMb. IlosToMy, XOTH B HaCTOALeH CTaTbe H He MaeTca 
OOWerO KOAMYECTBEHHOFO COOTHOLWCHHA, 3Ta CBASb Oy AeT uccie- 
HOBaHa WIA KAKO CHCTeMbI B OTeJIbHOCTH. 

B HacTosnume cTaTbe MbI CTaBuM ceOe CaeayiouNe 3a2aun: 

1. Tloka3atb, 4TO YaCTOTHBI€C XapaKTePpHCTHKH HW Mepexol- 
HbIe MPOLWeCChl CBASAHbI MeExKAy COOOM KOH*OPMHbIM OTOOpaxe- 
HHeM OsarolapaA COOTBETCTBHIO Me@KAY aMMIUNTYLHO-as0Boh 
XaPaKTEPHCTHKOH MW KOPHEBbIM FrosOorpadom. 

2. YKa3aTb B Ka4ecTBe mpHMepa [2—5,11] HecKoabKO 
H3BeECTHBIX MeTOJOB OMpeteseHHA NepexOAHbIX MpoweccoB No 
YaCTOTHbIM XAPaKTEPHCTHK3M IPH MOMOWLH KOHMOPMHOTO OTO- 
6paxkenua. 

3. BpiasuTb CBolicTBa NMepexoAHOrO Mpollecca Ha’? OCHOBe 
cyluectByloulero M,-Kputepua') mpu cuHTese CHCTeM 4YaCTOT- 
HbIM M€TOJOM, MCCeLyA pacmowoxKenve Hye HW MOmOCOB Mepe- 
naTOUHOK @yHKWHH 34aMKHYTOH CHCTeMBI, KOTOpaA CBA3aHa 
C mepenaTouHOK @yhKuveh pasOMKHyTOM CHCTeMbI NOCpeRCTBOM 
KOpHeBOrO rozorpada. 

4, CpaBHuTb “aCTOTHbIe XapaKTePHCTHKH HM KopHeBble rojo- 
rpadbl HECKOJbKHX YCOBHO yCTOMUMBEIX CHCTeM. 

5. Tloka3saTb CXOACTBO METONOB CHHTe3a B 4aCTOTHOM H 
BPeMeHHOH OO01aCTAX. 


CBA3b M@KAY KOPHeEBbIM rosOrpamom HW AaMNJHTYIHO-a3zo0Bon 
XapakTepHCcTHKOH 


Ha dur. 1 noka3aHa ympouleHHaad CTpyKTypHaa cxema 
CHCTEMbI aBTOMATHYeCKOIO pery/IHpoBaHHA C OOpaTHOH cBABbIO, 
rae G(s)—nepeaqaTounan dbyHKUMA pa3s3OMKHYTOH CHCTeMHI, 
a S—-KOMIeKCHad mepemeHHad. I] pumMensa uacToTHBIA MeTOA, 
MOKHO, KaK MOKa3aHO Ha bur. 2, NOCTpOUTb Ha NAOCKOCTH G 
aMIMIMTYIHO-a3oByl0 XapaKTepHCTHKy. OTa XapakTepucTuKa 
ABIACTCA KOHMOPMHBIM OTOOParkeHHem BCeH MHHMOH OCH IIO- 
CKOCTH S$ Ha MmlockocTb G. AmnuantTy2HO-:a30Baa XapakTepu- 
CTHKa Ha (ur. 2 H COOTBeTCTBYIOWWad eH MHHMaa OCb Ha cur. 3 
yKa3aHbl TOHKOM AWHMeM. TonKaa CnaOulHad KpHBaA Mpencras- 


1) IIpaktuyeckuH Kputepuii, OCHOBaHHbIM "Ha H3YYCHHH CBOMICTB 
aMILIHTYRHOH YaACTOTHOH XapaKTePUuCTHKH 3aMKHYTOH CHCTeMBI, Cormac- 
HO KOTOPOMY MaKCHMaJbHOe 3Ha¥eHHe ITOH XapaKTePUCTHKH HE Aoa- 
#KHO Npesbiuatp 1,2—1,3.—/7pum. ped. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


i te 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


3. Yacrotxole xapaxTepuctuxu u nepexodnoi npoyecc 119 





maeT OTOOpapKeHHe MONOKUTeEIBHOK 4YaCTH MHMMOM OCH M10- 
CKOCTH S, a TOHK4A NYHKTHPHad KpuBad —oOTOOpaxeHHe OTDPH- 
WaTeAbHOH yacTH MHMMOM ocH. AMNANTYAHO-ca30Bad XapakTe- 
PHCTHKa CHMMCTPHUHA OTHOCHTEJbHO BeLLLCCTBEHHOM OCH T10- 
ckocTu G. 








Pur. 1. Ynpouennaa cTpyktypHaa 
CX€Ma CHCTEMbI 4BTOMATHYECKOLO pe- 
ryAupoBaHna. 


_ Aaa tot xe MepedaTouHOh dyHKuMH PpasOMKHYTOM CHCTeMbI 
G(s) MOXKHO! Me€TOOM KOpHeBOrO rogorpata MOCTPOHTb Ha 
NOCKOCTH S |KOPpHeBOM rogworpad, Kak MOKasaHO Ha qpur. 3. 


flaccuocme G 
flnocxocms $ 





Kopnesod codocpup / 
(nosomumenbnasn 
obpamnar C6A3b) 7 


Kopnesoii 2odoepap 
fompuyameronan 
oGpamHan GGA3b) 





Amnaumyduo- | 
spaz06aA Kpucar { 








Pur. 2. AmnantyaHo-pa3o- Pur. 3. KopHesoi rogorpap A418 
Bad XapakTepucTuKa AAR G(s) = K 
G (s) = Ky ~ (%y5 + 1) (tg8 + 1) 


S(v45 + 1) (tg5 + 1)" 


Tlockombky KOpHeBOH romorpad sABAaeTCA TeOMe€TPHYeECKHM 
MeCTOM TOYEK MAOCKOCTN S, AAA KOTOPHX dyHKkuua G(s) umMeeT 
cpasoBbit yroa, papHph 180°, to 9Ta KpuBad NpeAcTaBaseT 
co6oH KOHOpMHOe OTOOPaxkeHHe OTPHUATebHOM BeLILeECTBeH- 
HOM OcH naockocTH G Ha MocKOCcTb s. OTpulaTewbHan Beule- 
CTBeHHad MOyOcb Ha ur. 2 WH COOTBETCTBYIOWMA eA KOpHEBON 
rogorpad Ha dur. 3 NOKasaHbl #XUPHbIMH CIAOWHbIMH AHHHSMH. 
B otanune OT = aMMAATYQHO-as0s0h = =—»- XapaKTeEPHCTHKH 
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KOH(POPMHOe OTOOPaKeHHe NOAOKUTEABHOH YaCTH BELLLECTBEHHOTt 
OCH MAOCKOCTH G Ha NAOCKOCTb S He ABAAETCH KOPHEBLIM FORO- 
rpamom (OHaKO OHO OyeT KOpHeBLIM roorpadom, ecu 
CHCT€MA ABIACTCA pereHepaTuBHOK cucTemoH c  oOpaTHoh 
cBA3bi0'). OTO CoOoTBeTCTBHe MOKasaHO Ha cur. 2 u 3 «KUp- 
HBIMH TYHKTHPHbIMH AMHWAMH. KopHesof romorpad cumMeTpu- 
YeCH OTHOCHTeAbHO BelECTBEHHOH OCH IMIOCKOCTH S. 

Kopove ropops, aMMHTyAHO-asopan XapakTepucTuKa 4H 
KOpHeBOH roorpad@ mpelactaBprsoT coO6oh KoHopMHble OTO- 
OpaxkeHWA M3 MIOCKOCTH s Ha mMaockocTb G uu o6paTuo u3 
NOCKOCTH G Ha MAOCKOCTb $ C NOMOLIbIO (yHKILMH KOMIMIeK- 
cHoro nmepemenHoro G(s). Oro B3aMMHOe OTOOPpaxKeHHe HU pac- 
CMaTPHBaeTCH KaK CBA3b MEXKTY aMMIATYLHO-a3s0BoH xXapak- 
TE PHCTHKOH HM KOPHeBbIM romorpacom. 

Kpusble Ha bur. 2 wu 3 nocTpoenb Aaa Cnenyloulero Bua 
nepewaTouHoh PyHKWUHH pa3soMKHyTOM cucTeMbl G(s): 


1) ee 
S (t45 +- 1) (t25 + 1) 

CnenyeT 34MeTHTb, 4TO A MaHHOTO 3HayeHHa K,, MOKHO 
MOCTPOHTb TOAbKO OJHY AMIMIMTYAHO-casoByl0 XapaKTepHCcTHKy. 
OaHakO COOTBETCTBYIOULNH KOpHeBOH romorpad maet OecKoue4- 
Hoe uncIO sHayeHHh K,. UtoOn yuectb 3To O6CTOATeABCTBO, 
BBeeM MPH MOCTpoeHHH KOpHeBOrO rogorpada sMecto K, 
HOBOe OOOsHaueHHe K. Cootuourenve mexnay K u K, moKa- 
3aHo Ha dur. 4, npuyem K sBaaeTca napaMeTpom, B TO BpemMa 
KaK yKa3aHHble 3HayeHHA K,, ABAAIOTCA HEKOTOPHIMH 3a/,aHHbIMH 
3Ha4eHHAMN. 

Touka C Ha naocKkocta G (cm. cur. 2) coorsercrsyer 
Touke D (a Takxe Touke D’) na miockoctn s (cM. dur. 3). 
ITO chehyeT u3 Toro daktTa, uTo TouKH C u D apaswotca TOoU- 
KaMM MepeceyeHua BYX  COOTBETCTBYIOWIMX Nap KDPHBBIX 
QKHpHOR cnaowmHoh uw TOHKOM cnaomHo). CrenosaterbHo, 
uaCTOTa ©, B ToUKe C aMMAWTyAHO-cas0Boh XapakTepHcTHKH 
COOTBETCTBYe€T 3Ha¥eHMIO $ B TOUKe D Ha KopHeBOM roxorpade. 
ITO OUeHb BarxkHad Mapa Touek. V3 meTowa KopHeBoro rojo- 
rpada u3BeCTHO, 4TO 3Ha¥eHHe K B TouKe D ectTb MaKCHMajb- 


4) T. e. 6yger dbaktuyeckn cucTemMol c nomOxKNTeABHOM o6paTHon 
CBA3bI0. B sToM cayyae KPHTHYeCKaA TOYKa SyAeT HMETb KOOPAHHATHI 
¢-+- 1; j0),— I7pum. ped, 
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HOe 3HayeHHe, KOOPHWHEHTA YCH.ICHHA CHCTeMbI, MpH MpeBbl- 
INCHHH KOTOPOFO CHcTeMa OyaeT HeycTOhunBok. Ito snauenne K 
MOMKHO Ha3BaTb MIPeCAeJIbHBIM YCHAeCHHeEM HAM MpeseomM ycrToH- 
UMBOCTH. | 

M3 Teopww MeTOMa YaCTOTHBIX XapaKTePHCTHK W3BeCTHO, 
YTO OOpaTHad|BeAMYHHa aOcOmMOTHOrO sHayeHHA G(j/w) B TOuKe C 
Ha OTPHWaTebHOM BeLeCTBEHHOM ocH naockocTH G aBaaeTca 





flaocnocms § 


flaocxocme G 





Sanac 

| yemouuueocmy 
no amnaumyde 
yoea UUNEGAEMCEAR 


a Kya Ky3Ky2 Kos 


Pur. 4. Cpa3h Mexay KosppuynentamMH K aMMANTyAHO-(pa3s0Bon 
XapakTepHCTHKH HM KOpHeEBOrO rozorpaha. 


a — KOpHeBOK rogzorpad Ha NAOCKOCTH S. 
Ki Ske cks<ky 
! (K,— Npeneapnoe ycuaenne); 
6 — aunautyaHo<pasopas xapakTepHcTuKa Ha MaockoctTH G. 


3anacomM ycTohuupoctuw mo amMnmautyge [6]. Jlerko MOKHO NO- 
Ka3aTb, YTO 3amac ycTOMYMBOCTH NO aMNuTyAe CBa38aH C Mpe- 
J@bHEIM YCHCHHEM COOTHOUIEHHEM 


IIpexeabHoe ycusenne 
Samac ycToHuusocTu mo ammautyze 


= K,- 

Tak Kak IIpM pacuete B 4acTOTHOH OOmacTu K, MM 3amac 
YCTOMYMBOCTH. NO aMMAWTyMe M3BECTHHI, TO MpedembHoe ycuue- 
HHe CHCTeMbI ONpewenaetca Npocto. Ms npexbAyulero CooTHO- 
WeCHHA BbITeKaeT, YTO 3anac ycToHyMBOcTH nO aMnaMTye 
oOpaTHO nponopuMoHaten K, (mpenetbHoe ycumeHve MOCTOAHHO 
Jia DaHHOM CHCTeMBI). 

IIpH yReaHyenuu 3amaca ycTohunspoctuH mo amnmauTyae (cM, 
chur. 4, 6) cucrema ¢TaHOBHT¢A MeHee KOseOaTerbHOM, MOTOMy 
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UTO Mp TaKOM yBeHYeHHH Nape OxrwKauIMx K MHHMOM OCH 
KopHeH Ha KOPHEBOM rogorpade COOTBETCTByeT 3Ha4HTeAbHO 
OombuHnA KOSmpuuNenT DeMNuposannA (Kak STO OTMCYEHO TOU- 
KaMH Ha KOPHeBOM rogorpade cur. 4, @) C COOTBETCTBYIOULUM 
3HaueHneMm K. 

SaMeTUM, 4TO CMCTe€Ma HaAXOMMTCA Ha TpaHulle yCTOMYMBOCTH, 
Korfa 3HayeHve K pasyo K,. 

Bropas uHTepecHan OCOOeHHOCTb, BbITeKAaIOUlad H3 COOTBET- 
CTBHA MexAy TouKof C Ha naockoctu G (cm. dur. 2) u 
toukoh D Hwa naockoctu s (cM. dur. 3), COCTOHT B TOM, 4TO 
3HAYeHHe YACTOTHI W, Ha KOPHeBOM rogorpade cur. 3 xapak- 
TEPH3yeT MaKCHM@JIbHO BO3MOXKHYW MOAOCy NponyckaHus, KOTO- 
paw NomyyaeTcs, ECM pacueT MpOBOAHTCA B YaCTOTHOH OOMaCTH. 
Sto MpoucxOAMT MOTOMY, TO pesoHaHCHad YacTOTa w, (CM. 


bur. 2) aMnauTyAHO-:hasoBoh XapakTePHCTHKU BCera MCHbILe, 
yeM YacTOTa ,(B TOUKe C Ha ur. 2), ECAH S/eMCHTHI CUCTEMbI 
ABIAIOTCA 9eMeHTaMH MHHMM@JIbHO-hazoBoro THNa. Crelosa- 
TeAbHO, KaK TOAbKO NOCTpoeH KOpHeBOH roxorpad mp pac- 
yueTe CHCTeEMbl Me€TOJOM KOpPHeBOrTO ToMOrpada, MaKCMMaJIbHO 
BO3MOXKHaAA MOMOCa MponyckaHHa HeMeAMeHHO ONnpedenneTca 
6e3 Mepexoda B YaCTOTHYW OOacTb. TaOautla KOpHeBbIX TOJ0- 
rpados [7, 8] c CoOTBeTCTBYIOWIMMH aMMAMTYAHO-a3s0BbIMH 
XapakTepHCTHKaMH mpvBenena Ha qpur. 5. Ha Hef ykasana 
CBA3b M@XKAY KOPHEBbIMH FORO padamu UW aMIAMTYAHO-*a30BblMu 
XapakTepucTukamu. Bce KopHeBble romorpadsl (Kpome cayuaes 
IT uw C) wMmewt mpoctyio reomMerpuyeckylo qopmy: fMpaMple 
AWHHH, OKpyKHOcTH, runep6orn (cayyan M, H wu O) u Napa- 
Goma (cayyali 7). Samerum, 4To cucTembl B cayyasx JK u O 
Bcera HeyCTOHMYMBHI. 

TlockombKy aMILMIMTyQHO-ca3z0Bad XapaKTepHCTHKa ABAACTCA 
KOH@OpMHbIM OTOOpaxKeHHeM MHHMOM OCH MAOCKOCTH S$ Ha MA0- 
cKkocTb G Cc MOMOLLbIO NepenxaTOouHOH dyHKunH G(s), a KopHe- 
Boh roforpad sBaseTca OTOOpaxkeHHeM OTPHLUaTebHOM 4YacTH 
BeLECTBEHHOH OCH MOCcKOCTH G Ha MAOCKOCTb S$ C MOMOLIbIO 
TOH 2xe caMOM MepenaTOYHOM yHKUMH HW NOCKOJbKy Nepexol- 
HEI MpOWecc MOXKHO NOCTPONTb, NOLOOpaB KOPHH 3 KOPHEeBOTO 
roworpada, TO MOKHO ClelaTb BbIBOR, YTO YACTOTHAaA XapaKkTe- 
pucTuKa WM NepexogHbIA Mpowecc CBAsaHbI C MOMOLLbIO KOHOPM- 
HOFO OTOOpaxKenHs, KaK MW LOM KHO Oblm0 ObiTb, YYMTbIBAA H3BECT- 
HYIO CBA3b, OCHOBAHHyIO Ha NMpeoOpasoBanun Pypbe. 
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xapakmepucmuna 
8 naockocmu G 


Kopuesoti eodozpap 
@ nAocKocmU § 





7574205 +1 





Pur. 5. Ta6anwa aMMIuTyQHO-sa3z0BWX XapaKTePHCTHK HU COOT- 
eTCTBYIOWUX HM KOPHEBHIX royorpados. 
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6 naocKocmu G : 


Acoiivoa 


HOMOG 


8 +4 
S(T,S +1) 


T,5+17 
t£st+26%,S+] 


ta>C%; 


tT, S +4 
TZ S?+20T2S+1 


§(7,5+1) (T28+1) 





Pur. 5. (MpozomKenne.) 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


| 
sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 










p @ ee, ‘fasoaan Kopuecoii eodozpap 
rh naockocmu G 


J 
S(t28*+/2 TtS+]) 





] 
$2(<8 + 7) 


———e es 
Acotnoli nozwe 





Ts: , +] 
5(E,S+ I(t gS+T) 


A= 
= 
a 
- 
ams 
Kaa 


| Pur. 5. (Mpozomenne). 
B cay4aax, OTMCYCHHHX SBESAZOUKON, NOKAZAHA AHLUIb PA8BHad BeTBb, 
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CooTBeTCTBHe M@XKAY MIOCKOCTbIO S HW NwOcKOCTbIO G 
ain saqaHHok dynkunn G(s) 


AMMMTYAHO-basoBylo XapaKTepHCTHKY MOXKHO OOOOLLUTb 
NOCpeACTBOM NOACTAHOBKH s==o-}+ jw B NepesaTouHyl0 PyHK- 
uuio G(s). PaccmaTpuBad o Kak MapaMeTp, MOMKHO MOJY4NTb 
ceMeHCTBO KPHBBIX JIA PaSIHUHbIX NMOCTOAHHBIX co. AMNAMTYJHO- 
(pasOBad XapaKTePHCTHKAa ABAAETCA OAHOM W3 9THX KPHBbIX NpH 
o==0. Oro cemeficTBO KDPHBbIX, KaK MOKa3aHO Ha qur. 6, 
ABAAETCH KOHMOPMHbIM OTOOParKeHHeM BCeX MPAMbIX, MapaJMesb- 
HbIX MHHMOM OCH NAOCKOCTH S, Ha naocKkocTb G. Ec mpsmble, 


f{laeckocms § 


[lnocxocmse G 





w, L_L_L-1 | 
6 O3 Fz 9; % | 


® ur. 6 CemMeHcTBa KPHBbIX MOCTOAHHBIX ¢ H @ Ha MAOC- 
KOCTAX GH S. 


MapaleAbHble BeLLECTBEHHOM OCH MAOCKOCTH S, KOH@OpPMHO 
OTOOpasuTb Ha MAOCKOCTb G, TO NOAyYWTCA CeMeHCTBO KPMBbIX 
C MOCTOAHHLIM 0, YTO TakKxKe BUAHO Ha cur. 6. C nomoulpbio 
9THX JABYX CeMeHCTB KPHBbIX YCTAHaBJMBaeTCA B34HMHO-OJHO- 
3HaYHOe COOTBETCTBHE M@KAY MAOCKOCTAMH S H CG. 

AnaJOrHyHo KOpHeBOH Fodor pad MO2KHO OOOOMLUTh C MOMOLLbIO 
cooTHOWeHHaA arg G(s) == 9. Jia pasaAM4HbIX 3HayeHHH Y MOKHO 
MOCTPOHTb CeMeHCTBO KPHBbIX C MOCTOAHHBIM Y (HAH asoBble 
KpuBble [10]). KopHeso rogorpad saBaaeTCa OAHOK H3 KPMBbIX 
9Toro cemefictBa MpH ~, paBHom + 180°. 

Sto cemefictso moka3saHo Ha dur. 7. Ono mpegcTaBaseT 
co6oH KoHdopmHoe oToOpaxenHe BCeX PaHalbHbIxX JMHHA, 
MpOXOAALMX Yepe3s HayanO KOOPAWHAT NaAocKocTH G, Ha M0- 
CKOCTb Ss. Ecau BCe KOHIWCHTpHyeCKHe OKPY?KHOCTH C WeHTpOM 
B Hauame KOOPAMHaT MaocKocTH G KOH@OpMHO OTOOpa3HTb Ha 
MAOCKOCTb S$, TO MOJYYHTCA CeMefCTBO KPHBbIX C MOCTOAHHBIM I 
(MIM KpUBble ycuueHHs), H30OpaxenHoe Ha ur. 7. C MOMOLIbIO 
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9THX AByX CeMeHCTB KPHBHIX TaK%Ke YCTaHaBIMBaeTCA B3aHMHO- 
OMHOSHAYHOE COOTBETCTBHE MeXKAy MAOCKOCTAMH S H G. 

OTO B3aHMHO-OHOSHAYHOe COOTBETCTBHE MeXKAY MAOCKOCTAMH 
Ss wu G os3HadaeT, 4TO DAA KaxkAOH TOUKH Ha NaOcKOcTH G 
HM€eTCH COOTBETCTBYIOWaA TONKA Ha MAOCKOCTH S, H HaOGopoT. 
Torga mo6ne cBelenuA, CORepoxammeca Ha maockoctu G, 
MOXKHO NMOJYYMTb Ha MAOCKOCTH s nocpeACTBOM OTOO6parKeHHA, 
HM HaoGopot. Tak Kak KpHBbIe Ha naockocTu G maioT cBeneHHA 
O 4aCTOTHOM XapaKTePHCTHKe, a KPHBLIe Ha NAOCKOCTH S$ RaloT 
CBeeHHA O MeEPeXOAHOM MpOlecce, TO OUeBHAHO, 4TO MOG6OK 





flaockocme G | A 


a fluocrocmy $ 








®ur. 7. Cemelictso KpHBbIX NOCTOAHHHIX 9 (HAM KpuHBHe (a3o- 
BHIX yIr0B), H CeMeHCTBO KPHBbIX NOCTOAHHOTO 7 (HAM KPHBbIe 
YCHeHHA) Ha MIocKkocTax G u Ss. 


M3 9THX ABYX CNOco6oB ycTaHOBJeHHA COOTBETCTBHA—C JABYMA 
ceMeHCTBAMH KPHBbIX MpH MOCTOAHHBIX Go H © HAH C DBYMA 
CeMeMCTBaMV KPHBLIX pH MOCTOAHHBIX YCHJeHHH HW haze — MOXKHO 
HCHOAb30BaTb AIA HaXOMKMeCHHA HCKOMOM cBA3H. Kak yKa3aHO 
B CE AYIOUleM pasmevie, HMECTCH HECKOJbKO MeTONOB [2-—5, 11], 
HCNOAb3yIOWWNX STO COOTBETCTBHE AIA ONpedereHua Nepexog- 
Horo mpolecca MO 4acTOTHOM XapaKTepHcTuKe. 

OueBHaHO, 4YTO eCAIH cCeMeHCTBAa 4MMAMTYAHEIX H as0BHXx 
KPMBHX HaHeceHbl Ha MAOcKOCTb §$ (cur. 7,6), TO aMNAHNTyAHO- 
cbasoBpad XapaKTepHCTHKa aBANeTCA KpHBOH Ha NaAOcKocTH G, 
oTBeualouleH 3HAaYCHHAM fF HW 9, KOTOPbI€ COOTBETCTBYIOT BCeM 
TOUKaM MHHMOH OcH NMaocKocTH s. AHanOrM4uHO, ecaH Ba 
CeMeHCTBa KPMBBIX C NOCTOAHHHIMH o Hw (CM. dur. 6, 6) HaHe- 
CeHbI Ha MuockocTb G, TO kopHeBOoM ronorpad aBaneTca KpHBOH 
B [MJIOCKOCTH |S, KOTOpah OTBeYaeT 3HAYEHHAM 6 H ®, COOT- 
BETCTBYIOUHM |BCEM TOUKAM OTPHLaTeAbHOM 4aCcTH BelecTBeHHOM 
OCH naocKocTH G. 
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Onpenenenne nmepexogxnoro nmpouecca 
NO 4YaCTOTHOH XapakTepHcTHKe 


AMIMIMTyJHO-dba30Bad = XapaKTepHCTHKa, MpeAcTaBsAAoOlad 
co6oh rpaduk nepesaTOuHOM yHKIWMH pasOMKHyTOM CHCTeMHI, 
NOCTPOeCHHHIM B NOAAPHBIX KOOPAMHATaX Mp $= jw Ha M0- 
ckocTH G, ABASeTCA YACTOTHOK XapaKTepHCTHKOM pasOMKHyTOH 
cuctTembl. UacToTHas XapakTePHCTHKA 34MKHYTOM CHCTEMBI ABAACTCA 
rpadukom NepexaTouHoOn yHKUMH 3aMKHyTOM CHCTeMbI MpH S=/jw. 
Kaxkiyl0 3 9THX YACTOTHDIX XaPpaKTeCPHCTHK MOKHO MOCTPONTb 
uu60 B MOAAPHEIX KOOPAMHaTaX, AHOO KaK aMIVINTYDHyIO Hu 
cbasOByio YaCTOTHBIe AMarpamMbl [9]. 

Ilna onpeneneHua mepexowHoro mpouecca NO aMNMANTyHO- 
cbasOBOH XapakTepHCTHKE (M0 YaCTOTHOM XapakTepHCTHKe Pa3zoMK- 
HyTOH CHCTeMbI) HH MO YaCTOTHOH XapakTepHCTHKe 3aMKHYTOH 
cucTtemb! Oblin paspa6oTaHbl pa3saMuHble MeTOJb. TIlockoubky 
*KeAeMble KOPHH JOJKHbI BbIOMPaTbCa CeBa OT MHHMOM OCH 
NOCKOCTH S$ WH MOCKOMbKY aMMANTYIHO-dazoBaa XapakTepucTuka 
ABAACTCA KOHMPOPMHbIM OTOOPaKeHHeEM MHHMOH OCH MOCKOCTH S, 
TO CaMa AMIMVIMTYHO-cas0Bad XapaKTepHCTHKA HE OMNpehemseT 
3HAYUCHHA 2KeMaeMbIX KOpHeH. TakHM oOOpa30M, oOlnpememenne 
KOpHeA (a 3aTeM MOCTPOeHHe MepexXoAHOrO Mpouecca) C NOMOLIb 
COOTBETCTBHA M@XKAy MAOCKOCTbIO S$ M MAOCKOCTbIO G noTpebyer 
oTOOpakeHHa He MHHMOH OCH MMIOCKOCTH S, a HeKOTOpON 
HHH HAW KpHBOH caeBa OT MHHMOM OCH MTVIOCKOCTH 5S, 
re pacnomoxeHbl xenaemble KopHH. B pa6otax [2] u [3] 
ObIIO UCMOMb30BaHO COOTBETCTBHE, MOKasaHHoe Ha Gur. 6, a B 
padotax [4, 5, 11]—KkondopmHoe oToOpaxenne C MOMOLIbIO 
nepewaTOuHOK yHKWMH pa3sOMKHYTOM CHCTeMbI JIHHHM MOCTOAH- 
HOTO KOS@PpHUNeHTAa AeMMUpOBaHHA MAOCKOCTH S$ Ha M0- 
ckocTtb G. QOG6a 92TH NpeoOpaso0BaHHA HCNHOMb3yIOT JAHHUU 
cieBa OT MHHMOM OCH MAOCKOCTH S AAA HeEMOCpeACTBeHHOTO 
HaXOKMEHHA KOPHeH NO COOTBETCTBYIOLIMM AMNAATY1HO-Ga3sOBbIM 
XapaKTepucTHKaM. Bo3MO2KHOCTb HCNOJb30BaHHA TOK WAH HHOH 
KpHBOH AeBOH MO/yNAOCKOCTH S$ B 3HadHTebHOM Mepe 3aBHCHT 
OT yHOOCTBa BLINCPYHMBaHHA COOTBETCTBYIOUIMX HM 4MIAMTYQHO- 
cba3OBbIX XapaKTepHCTHK Ha mMviocKocTu G. 

B yMomaHyTbIX BbILUe MeTOMaX HCNOb30BaaCb aMNAKTy LHO- 
cdbasOBas XapakKTeEpHCTHKa (YaCTOTHAA XapaKTePHCTHKA Pa3sOMKHy- 
TOH cucTeMbl). B TO BpeMA KaK C MOMOULbIO YaCTOTHOK Xapak~ 
TEPHCTHKH Pa3sOMKHYTOH CHCTeMbI HeJIb3A HEMOCPeACTBEHHO ONpe- 
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ReAMTh 3HAYCHHA KOPHEH, YaCTOTHAA XAPaKTePHCTHKA 3aMKHYTOA 
CHCTEMb MOSBOHET HATH MX, NMOTOMY 4TO YaCTOTHY!O Xapak- 
TepHCTHKY 3aAMKHYTOH CHCTeMBE MOXKHO NOAYUHTb NO Mepena- 
TOYUHOK PYHKWHH 3aMKHYTOM CHCTeMBI, a CCIM NOCeEAHAA M3BeECTHA, 
MOXKHO ONPeMeCAUTb MepeXoOAHbIA Mpouecc. 

I]pekpacHbIM MpHMepOM IIPHMeHeHHA YaCTOTHOH xXapakTe- 
PHCTHKH 3aMKHYTOM CHCTeMbI ABAeTCA MeTOA Prottgza [6]. Stor 
METO MO3BOKeT HaHTH MMNYyAbCHyIO XapaKTePHCTHKy CHCTeMbI 
MO BelWeCTBEHHOK 4aCTH 4YACTOTHOM XapaKTepHCTHKH 3aMKHYyTON 
CHCTeMbI (9TO 2Ke MOMKHO HEMOCPeACTBEHHO MpOMelaTb MO aMILH- 
TYQHO-has0BOH XapaKTepHCTHKe C MOMOLbIO HOMOrpamMMb! 2)), 

Bo3MOKHbI, NO-BAAHMOMY, H Apyrve MeTOAH, HCNOAbsyIOWNe 
YaCTOTHYIO XapaKTepHCTHKy 3aMKHYTOM cucTembl. Hanpumep, 
MOXKHO Ob0 Obl NONbITATLCA HATH MHOKUTeEAM NepBoro NopaaAKa 
(Takue, Kak ;tS-+-1 wan 1/(ts-+-1)) H MHOKUTeAH BTOpOrO 
mopaika (Takve, Kak t2s2-+- 2°ts-+-1 nan 1/(t?s?-+ 2ts-+-1)) 
NO YaCTOTHOR XapaKTePHCTHKe S3aMKHYTOM CHCTeMbl MeTOOM 
NOC1e€AOBaTeIbHEX MmpHOmwKeHHM. Tlocne Toro Kak MHOXKUTEeAH 
HafzeHbl, oOnpewesmeTcA NepemaTouHan yHKuHA 3aMKHYyTOM 
CHCTEMH, H MO Heh yxKe CTPOAT NepexoaHbIA mpouecc. Xorta 
NpaKTHYHOCTh, MpeAaraeMOro MeTONa GyeT 3aBHCeTb OT KOMH- 
ueCTBa Tpy2a, HEOOXOAMMOFO Aid HaXOKeHWA MHOXKUTeNeM 1aA 
MaHHOM yaCTOTHOM XapaKTepHCTHKH 3aMKHYTOM CHCTeMBI, BCe 2Ke 
TaKOE COOTHOLICHHE MeKAY YaCTOTHOM XapaKTepHCTHKOM 3aMK- 
HYTOM CHCTeMbI H MOOCaMH NepexaTOUHON dyHKUHH 3aMKHyTOA 
CHCTEMH MOKASHBaeT MpHPONy CBA3H M@XKAY yacTOTHOM Xapak- 
TEPpHCTHKOH HM MepeXOAHHIM MpOWeCccOM HM, TaKHM OO6pa3oM, 
oOecneunpaeT, Ayulllyio WHTeplpeTauMio uacTOTHOM XapakTe- 
PHCTHKH BaMKHyTOH CHCTeMbIl. HanoMHHM, 4TO mepenaTouHad 
(PyHKUMA 3aMKHyTOM CHCTeMEI CBA3aHa C MepemaTOUHOM cyHK- 
Whe pasOMKHyTOM CHCTeMbI NOCPeACTBOM KOpHeBOrO rogxorpada. 











Hccaenopanue M,-Kputepua 4acTOTHEIM MeTOROM 2) 


Ecau H3BeCTHD! HYM HM NOMOCh! NepezaTouHOH yHKunn 
SAMKHYTOH CHCTeMbl, KaK 9TO HMeeT MECTO MpH cuHTese 


1) Metox Tpanewounaasditx WaCTOTHWIX XapakTePHCTHK, NpeaomeHn- 
HHA B, B, Con0X0BHHKOBLIM, MO3BOAACT PCUIMTh aHaNOrvyHyW 3ayayy 
er HanpuMep, ,OCHOBH! aBToMaTHY¥eCKoro peryaHposaHna*, Maurus, 
954). — l[Ipum, ped. 

) Cm. mpHmeuanve Ha crp. 118.— /Tpum. ped. 


9 3a. 2356, 
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MeTOOM KOpHesOrO FOmOrpada, TO YaCTOTHYHO XapaKTepHCTHKy 
CACTeEMbI MOMKHO JerKO MOJYYHTb, CCAM BbINepYeHbI Kak aMIMJAH- 
TyHHan, Tak WH (hasoBad Avarpammbl [12]. 

Ha qur. 8 mpuBenena TaOaula HeKOTOPHIX YaCTOTHBIX 
XapaKTepHCTHK 3aMKHYTOM CHCTeMbI KaK aMIIWTYQHbIX, TAK H 
(a3zOBbIX C COOTBETCTBYIOLUMM HM pacnOoxKeHHeM HyvleH HK NO- 
JHOCOB HA MJOCKOCTH S. 

Viccaenopauve cayuaes, MpecTaBleHHblx Ha dur. 8, moKa- 
SbIBaeT CBAS3b MeKLY M,-KpuTepHeM YaCTOTHOrO MeTONa H pac- 
NONO%KeHHeEM Hye WH MONOCOB, KOTOPOe ONpeneaeT Nepexol- 
HbA mpouecc. B mepBeix maATH cayuyaax (pur. 8, A— J) 
NepefaTounble @yHKUWHH HE COepoxKaT Hyseh. AmnANTyAHaA 
yYaCTOTHaAd XapakTepucTHuKa B Cayuae A MMeeT pe3OHAaHCHbI 
nuk. B 3TOM cayuae, KOTOpHIM cielyeT CuUNTaTb 2KeaTeAbHbIM 
THOM YaCTOTHOK XapaKTepHCTHKH, MMeeTCA Mapa KOMMMeKCHO 
CONPAKCHHBIX MOMOCOB, PaCNOJOKeHHBIX OnmKe ApPyruxX K MHH- 
MOH OCH B JeBOH MONYMAOCKOCTH S. 

Ecau Takada mapa KopHef OTCyYTCTByeT H BCe NOJOCHI Mpo- 
CTbI€, TO AMIMVINTYIHad XapakKTepHCTHKa HMeeT BHA, MOKasaHHbit 
Ha dur. 8,5. Ecan OnmxahiwiumM K OCH MOJOCOM ABIAeTCA Mpo- 
CTOH momoc Hu, KpoMe TOTO, HMeeTCA Napa KOMII€KCHO compaA- 
2KCHHBIX MOJHOCOB, Kak B cayuaax Bu T, TO nepexonuHph mpo- 
wecc HMeeT OOAbWIOe BPeMA YCTAHOBJeHHA, OOYCOBIeHHOe HaJiHu- 
uHeM TIpoctoro nosmoca, OmwxKaWero K MHHMOM ocH. Pasau4ue 
B BHe aMMAWTYAHbDIX XapaKTepHCTHK B CAyyaax Bu /* 3aBMCHT 
OT OTHOCHTC.IbHOrO paCNO7O%KeHHA MpOCTHIX H KOMIIICKCHBIX 
moocosB. W3 TeopHw YacTOTHOTO MeTOJa H3BeECTHO, HTO 0Fra- 
PH@MHYeCKaA AMIIHMTY HAA YaCTOTHAA XapaKTePHCTHKa C KPyTbIM 
HaKJOHOM aeT HeYAOBAeCTBOPHTe/IbHbIA MepexoJnHEh mpouecc 
(cnyyah B). 

Ecav WMenoTcH 2Be Mapbl KOMMIeCKCHO COMPA KeHHBIX MO0J10COB, 
PaCMO1O%#KeHHEIX OH3KO K MHHMOH OCH, KaK 39TO MMeeT MECTO 
B cayyae /[, TO aMIIHTYAHad YaCTOTHAA XapaKTePHCTHKA MOMKET 
UMCTb 2.Ba PeC30H4HCHBIX MHKa. 

B mocieqHux Tpex ciyyaax (pur. 8, E—3) nepenatounan 
@yHKUHA MMeceT HyIb. AMMAWTYDHAA XapakTepHCTHKa AIA cAy- 
yaa E nomo6ua xapaktTepucTuKe Ana cryyaa A, HO HX asoBble 
mWarpaMMbl oTAMYaloTca. Cayuah Cc HyeM xXapakKTepu3yeTca 
MeHblUUcCH qdasoHh MpH HH3KHX YacToTax. Cayyah JK monoben 
cayyaio B, HO B MepBOM Calyyae HMeeTCA HY/b CBA OT MHH- 
MOM OCH IMIOCKOCTH S; Paz0Bhie XapaKTePUCTHKH TaK2%Ke 3aMeTHO 
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Pacnonoxwenue Mlozapugmuyecnas Pasosan vacmomuas 

noawcos u dL ohte C/R amnaumyduaa vacmomuan 
Ss 


xapakmepucmuxa C/R*** 


6 AnocKaGM xapaxmepucmuxa G/R** 





Pur. 8 Ta6auia pacnpexetenui momocos u uyaelt C/R u Coot 
BETCTBYIOWIHE AMIMAKTYAHbIe H Pa3sOBble AapakKTeEPHCTHKK. 


* C/R—neperaTounad yHKUHA SAMKHYTOR CHCTeMW; 
** Kousaa Ig [C/R] B byHkunH Ig w; 
eee Kpubaa pasoBHX yraoe B PyHkyuu Ig w. 


g* 
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Pacnosomenue Aozapudmuyecnaa 
~ 4 
noaweos u Hyaed C/R* | amnaumydxas yacmomnaa p ee ee 
6 nnockocmu S xapaxmepucmuna C/R*™ xapakmepucmu 


Pur. 8. ((Tpoqomnenne). 
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OTIH4AOTCA, MH MepexoAHH mpowecc OymeT uMeTb OombUIOe 
BPeMA yCTAaHOBeHHA. 

IIpw oveHb OAW3KOM paCMOAOKeHHH HyAA K Havany KOOpAH- 
HaT MAOCKOCTH $ NHK Ha AOrapHdMHMyeCcKOH aMIAMTyAHOKM 4aCcTOT- 
HOM XapaKTepHCTHKe CTaHOBHTCa O4eHb OOMbWIMM. ITO corsa- 
cyeTCa C BHBOOM O TOM, 4TO B Cry4uae, KOra HyAb pacno0xKen 
6nu3KO K Haualy KOOPAHHAT, MepeperyHpOBaHHe OUCHb 
BeauKo [10]. Mspectuo TakxkKe, YTO CCA HY/b HAXOJMTCA B Mpa- 
Boh NOAYNAOCKOCTH S Ha HeEKOTOPOM pacCTOAHHH OT Ha4aa 
KOOpJMHAaT, TO) Mepepery1HpOBaHHe yMeHbUaeTCA. O6 STOM MO2KHO 
CyRUTb H MO YaCTOTHEIM XapakTePUCTHKaM; NeHCTBHTECJIbHO, 0ra- 
PHpMHyeCKaA AaMIVIHTyAHaA XapaKTepHCTHKAa AAA Cnyyad 3 No- 
noOwa XapaKTepucTuke Aa cayyas E, Ho Ha casoBoh xapakTe- 
pHcTHKe B Cayyae 3 uMeeTCA GombUIOH NOAOKUTeEABHEIA sasoBElh 
CaBur, “ero HeT B Cayuae E. 

Viz paccMoTpenua STHX CAy4aeB MO2KHO CheaTb BbIBO, YTO 
YaCTOTHAA XapaKTePpHCTHKa MaeT upesBhluahHO WeHHbIe CBeeHHA 
OTHOCHTEJIbHO| NOBEACHHA CHCTEMBE B TepexXOAHOM Mpowecce. 
Kputepuht M, Moxet oGecneyHTh yAOBACTBOPUTCAbHEIA mepe- 
XOJHBIK npouecc, CCH, HCCACMOBaB AMNMNTYAHy!O M Gaz0Bylo 
YaCTOTHHe XapaKTePHCTHKH 3aMKHYTOM CHCTeMbI, MbI yCTaHOBHM 
HaIH4He Mapbl KOMMVIe€KCHO CONpAKeHHEIX KOpHeH, OnwKahuUx 
K MHHMOM OCH, PpaCCMOTpeB COOTBeTCTBylOllee UM PacnosoOxKe- 
HHe HyZeH H MOmMOCOB NepegaTOUHOK yHKWMA 3aMKHyTOR 
CHCTEMB. 








CpaBHeHHe 4aCTOTHOFO MeTOAa H MeTOMa KOPHEBHIX 
romorpacos An YCAOBHO yCTOHYABBIX CHCTeM 


YcAOBHO yCTOHYHBOH Ha3blBaeTCA Takan CHCTeMa, KOTOpPAA 
CTAHOBHTCA HeyCTOHYMBOH MpH OCTATOUHO MaOM KOIPpuUHeHTE 
YCHJ€HHA B MPOTHBOMOO2%KHOCTh aOCOMOTHO yCTOMYHBOH CHCTeMe, 
B KOTOpOM He BOSHHKaeT HeyCTOMYHBOCTH Mp YMeHbIIeHHH 
KOSPUUHEHTA yCcuaAeHia CucTeMH. IIpHMepoM yCAOBHO yCcTOh- 
YHBOH -CHCTeMBI SABIACTCA MOSHILMOHHAA CienAulad CHCTeMa 
C TAXOTeHEPaTOPOM, BKAIOUCHHEIM MO€AeNOBATeEAbHO C MaCCuB- 
uM RC-uAbTPOM BHICOKHX YaCTOT B Welw OOpaTHOH cBa3H. 

Ha cur. 9 nokasaHbl aMNAUTYQHO-asoBble XapakTepucTHKH 
LA TpeX THMOB YCAOBHO yCTOMYHBEIX CHCTEM H COOTBETCTBYIO- 
ule HM KOpHeBble roforpapH. Bce amnauTyHO-cpasobnle 
XaPakTEPHCTHKH NOCTPOeHb! AAA CAy4ad YCTOMYMBEIX CHCTEM, 





| 
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AMNAUTYyRHO-caz0BoH XapakTepucTuKe B cayuae A 6yneT 
COOTBETCTBOBATb HeycToMunBad CHCTeMa, eCiH KOaPPUUHEHT 
YCH.ICHH# MOCTATOUHO YMeHbLIMTCA, HO 9Ta CHCTeMa BCeraa 


AMIAUMY CHO - PA3z06aA rs 
odoepa 
xapanmepucmuxa Kopuecou €& es y 
6 naockocmu G 6 aoe acne 


Aunus 
NOGMOAHHOLO 
Kkosppuyuewma 
demnguposaxun 
























Aunus 
HOCTHIONHHOZO 
Kos@ipuyuexnma 
demnpuposanun 





emtaotameenn Sen ®ancene OF 
Asotnoti nonoc~ | 


Pur. 9. XapaktepuctHKu YCHOBHO YCTOHYMBbIX CHCTeM. 


OyneT ycTotuupa pH yBeanyennu Kosdduuwenta ycuenua. 
ITO cielyeT H3 COOTBETCTBYIOWLerO KOpHeBOoroO Tomorpada, Tak 
KaK TO/JIbKO Malad YaCTb STOM KpuBOK HaxOMTCA B MmpaBon 
NOAYNAOCKOCTH S$, KOTOPaA HM MpeAcTaBAseT OONacTb HeycTOoH-. 
YHBOCTH MPH M4JIbIX 3HAYCHHAX KOOMPDPNWMEHTA YCHIeHHA. 
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AmnautyqHOo-dbasoBsoh xapakTepucTHKe B cayuae B 6yner 
COOTBETCTBOBaTb HeyCTOMYMBa CUCTeMa IPH AOCTATOYHO MaAbIx 
M MOcTaTOuWHO GOMbUIMX KOIppuuMeHTax ycuueHua. H3 cooT- 
BeTCTBYOWlerO KOPHeBOrO Toworpada BUAHO, ITO AHIUb OHA 
uaCTb KPHBOM pacnodaraeTca B AeBOM MOAYMOCKOCTH, ABAAIO- 
uleHica O6acTbiO YCTOMYMBOCTH. 

AmnautyaHo-cbasopas XapaKTepucTHKa B Cayuae B CooTBeT- 
CTByeT TOUKE KOPHeEBOrO TOLorpada MCKAy WaCTOTAMH We HU Wp. 
CnemopaTenbHo, 9Ta cucTema 6yaeT HeycTOhuMBoh Mp AocTa- 
TOUHO M@JBIX) WH JOCTATOYHO OOAbWIHX KOSPPMIMEHTAX YCH- 
neHus. Cucrema CHoBa cTaHeT ycTohunBoh Mp YMeHbIUeHHH 
KOSPDULMeHTA YCHICHHA MO 3HAaYeHHA, KOTOPOMy COOTBETCTBYeT 
TOuKa Ha KOPHeBOM Tomorpate MexKAy HayatOM KOOPAMHAT H 
yacTOTOM wg (Ha miocKocTH Ss). TakuM 06pa3s0M, MO KOPHeBOMY 
rohorpady MOXKHO JerKo onpeneauTs O6macTH sHaueHHh KO9p- 
(puuwenta ycuwenua, HeoOxo2uMOTO Aa ycTOMuHBON padorTn 
CHCTeMB. 

Ammauty2Ho-asopble XapaKTePHCTHKH MepeceKaloT OTPUILa~ 
TeEMbHY1O BEIECTBEHHYIO NOAYOCh MIOCKOCTH G B TOUKAaX, B KO- 
TOPHIX SHAYCHUA YACTOTH PaBHb! COOTBETCTBCHHO Og, Mp» - + +> Wp 

IIpu Tex .%e 3Ha¥eHUAX 4YaCTOTH KOpHeBble rosorpady 
MepeceKaloTca# C MOAOKUTeEADHOK MHHMOK MOAyOCbIO nAOC- 
KOCTH S. | 

Kak O6bI10 moKa3aHO paHee, YaCTOTAa , Ha MAOCKOCTH S$ 
B cayyae A onpeweaseT MMHHMAbHyIO MoOAOcy mponycKaHHa 
cucTeMbl; B cuyuae G 2Hala3z0H YaCTOT OT , 2O W, Ha MA0- 
CKOCTH S$ ABAHETCA MOMycTHMOH MOMOCOM MponycKkaHHA CHCTEMBI, 
B nocueauem cayyae B nonycTuMas Nosoca mponyckaHua ycToh- 
uno CucTeMBl GyeT 3aKmMoueHa B QManasonax YacToT oT 0 
No Wg H OT ©, RO Wp, Ha MaocKkocTH Ss. TaKHM o6pasom, No 


KOpHeBOMy TOMOrpady MOXKHO Take ACTKO ONPeACANTh WIMPHHY 
NOAOChI MponyCKaHuA YaCcTOT. 

Mo KOpHeBEIM rodorpadaM MOXKHO HE TOABKO OMNpeAeAUTb 
O61acTh yCTOHYHBOCTH YCAOBHO YCTOMUMBEIX CHCTEM, HO TaKXKe H 
cTeneHb ux ycTohunBocTu. KacaTeJbHble, MpOBeeHHbIe K YacTAM 
KopHeBoro romorpada B ycTohunBoh oOmacTH MAOCKOCTH S, 
ABNAIOTCA JHHHAMH NOCTOAHHOTO KosP@uuvenTa LeMN@upoBaHuA. 
OHM yKasbiBdioT M@KCHM@JbHO BO3MOXKHBIA KOSPPUUHEHT DeMM- 
(pUpOBAHHA AAA Napbl KOMMNICKCHO COMPA KeHHBIX KopHeH, O.1H- 
*KahWMX K MHHMOH OCH 9TOH ycTohumBoh 4acTH KpHBOH, Kak 
nmokasaHo Ha dur. 9. 
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OKBUBATeHTHBIA KpHTepuht Aaa aMNHTYAHO-asoBoh xapak- 
TEPHCTHKH Ha MIOCKOCTH G COCTONT B TOM, 4TO aMILIHTY QHO- 
pazs0Bad XapakTepucTuKa LOAKNA NPOXOLUTS NOCTATOUHO aneKo 
oT TOuKH —I1. TlockonbKy ycraHoBseHa CBA3b M@KIY aMIJH- 
TYQHO-asoBoh XapakTepHcTHKOH uM KOpHeBLIM roflorpadom, To 
NapaMeTpbl aMILIMTYHO-aso0Boh XapakTepHCTHKH B MAOcKOCTH G 
MOKHO BEIPasHTb Yepes MapaMeTpbl MepexoAHoro mpouecca. 


CxonctTBO CHHTe3a B “aCcTOTHOH H BpeMeHHOH oOmacTaAxX 


YacTOTHBIe M€TOAbI CHHTe3a CHCTeEM 2BTOMAaTHYeCKOrTO. pery- 
AMPOBaHHA ABAAIOTCH MOULHBIM CDeNCTBOM pacueTa, Tak Kak 
aMIIMTYLHO-asoBy!lo XapakTePHCTMKy pa3SOMKHyTOA cucTeMH 
MOXKHO JePKO NOAYYHTh, 3Had aMMAWTYAHO-cazoBble XapakTepu- 
CTHKH OTACJbHbIX SACMCHTOB cucTempl. Ha qur. 10,@ B Kaye- 
CTBe MPHMepa CHHTE3a B 4YACTOTHOM O61aCcTH MpHBeneHa cuctema 
aBTOMAaTHYeCKOrO peryaupoBanua. Ha ur. 10, 6 u 6 noxa3ann 
YaCTOTHBI€ §=XapakTepHCTHKH (aMNAMTYAHO-cba3z0Bble XapakTepu- 
CTHKH Ha MaocKocTH G, u G, cooTBeTCTBeHHO) peryasTopa u 
oObeKTa peryaupopanua. Ymnowkaa aMnauTyan Hu CK aL bIBaA 
asoByle Yrabl aMIIUNTyAHO-asoBLIx XapakTepucTUK MByX 9u1e- 
MCHTOB AAA PasMYHbIX YaCTOT, MOMYYaeM YACTOTHYIO XapakTe- 
PHCTHKY Pa3OMKHYTOH CHCTeMbI (AMNANTYQHO-casoBylo xXapaK- 
TepHCTHKY Ha MaocKocTH G), NOoKasaHHyl0 Ha Mur. 10,2. Pac- 
NOAOKEHHE AMIMAUTYLHO-a3zoBoW XapakTePHCTHKU OTHOCHTeAbHO 
TOUKH —1 Ha naockocTu G onpeneaser aOcomOTHy!0 ycToti- 
YHBOCTb H CTEN€Hb YCTOHYMBOCTH CHCTeMBI. 

Mtak, aMnnry0HOo-cbas0Baa XapaKTepHcTHKa CUCTeMBI AerKo 
CTPOHTCA C MOMONLbIO AMMANTYDHO-cbasoBbIx XapakTepucTuk 
OTHEBHBIX €€ COCTABMIOUMX. XapakTepHCTHKU 3aMKHYTOH 
CHCTEMbI MOXKHO ONpeleAWTb Ha MAOcKOCTAH G c noMOIUBbIO 
AByX cCeMeHCTB KOHTypoB'), He MOKa3aHHbIX Ha dur. 10, 2, 
a 3aTeM MocTpouTb. Tako pacueT ynpoulaetca npu ucnosb- 
3OBaHHH AOTAPH@MUYECKNX AMNAMTYQHOM MH Caz0Bo yacTOTHHIX 
XapaktepucTuk [9]. . 

Mero KopHeBoro rogorpacda sBaseTCA MeTOROM cunTe3a 
CHCT€M BO BpeMeHHOA oOOnacTu. Buble ycTaHoBneHa cBa3p 
MEKIY aMMANTYRHO-Pa30Boh xXapakTepHcTHKOM Ha Muockoctu G 


") Mmetotcs B Buzy aMMautTyanbe u ca3 
OBbIC Kpyrosbre uarpam- 
Mbl. — [Ipum. ped, 4 i oe 
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8. Yacrornoie xapaxTepucTuku u nepexodnot npoyecc 137 


H KOPHEBLIM |rOOrpapoM Ha MOCKOCTH S; Cnoco6 cuxyte3a 
CHCTeM MeTOLOM KOPHEBLIX rogorpadoB, NonoouBIA MeTOAy 
AMIIUTYAHO-asOBHX XapaKTEPHCTHK, OCHOBaH Ha BBeACHHK 
B pacCMOTpeHHe KPHBHIX MOCTOAHHHX dbasosnix yraos [10]. 

















| x Cc 
2O-fnceds) |--_aat 
! 2 OGtexm 

7 Pezyanmop pezyaupooaHuar 


flaocxocme G, flnocxocitts Ge 


oo 


flnocxocme G 


| <4 
2 


‘Pur. 10. Wpumep cHHtTe3a CHCTeCMH aBTO- 
-MaTHYeckoro peryaupoBanua c O6paTHoK 
CBA3bI0 B YaCTOTHOH O6acTH. 


| @—crpyktypHas cxema; 6 — aMnnuTyAHo-pasobas 
xapakTepHeTHka OObeKTAa PeryAHPOBAHHA;, 4 — aM~ 
NAMTYAHO-)aSOBad XAPAKTePHCTHKA paSOMKHYTOR 
_CHCTeEMBL; 2+ AMMVINTyYAHO-pasoBad XapakTepHCTHKA 
peryjaTopa. . 





Ha dur. 11, a nmpwBegena cucTema, mooOwaa CHCTeMe Ha 
ur. 10, a.!Ha cur. 11, 6 4 6 CooTBeTCTBeHHO NOKasaHb! KPH- 
Bie (asOBHIX yraoB peryaaTopa H OObeKTa peryHPOBAaHHA. 
Tlytem HasOxkenua (He MoKasaHHOrO Ha qur. 11) 9THx AByXx 
KPHBLIX (bagOBLIX yrOB Ha TOM %*e MAOCKOCTH S H yCTAaHOBIe- 
HUA TOUeK, KOTOpHe aioT cymMy 180° ana mM0OHX AByXx 
KPHBHIX (a30BbIX YyIJ0OB, JeTKO MOKHO NOJYYHTL ~KOpHeBOR 
romorpad ¢uctempl (ur. 11, 2). Tockoapky kopHeBom rojo- 
rpap maet BCe BOSMOXKHBIG KOPHH XapakTePHCTHYECKOTO 
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yPaBHeHHA CHCTEMEL, KesaeMbIH MepeXOAHbIA Npowecc MOXKHO nowy - 
4MTb, BbIOHPad MOAXOMALLMe KOPHH U3 KOpHeBOrO rogorpada. 

Aaa Toro yToOn cactema 6piaa YCTOHYMBOM, paccMaTpuBalwrT 
THUIb KOPHH, PaCMOJOKeHHble B AeBOH MOAyMAOCcKOCTH s. Kop- 
HeBOH Troorpap MOXHO Tak%Ke NMOCTPOUTb C NOMOLIbO KPUBBIX 
@as0BbiX YTOB OTACMbHBIX 9eMeHTOB cucTemB. Xora CHHTe3 


R 
Kp 
e S(TS+1) 













Tt. 
a Pezynamop Obsexm 
2 DECAL 
[Taocxocms $ flaocxocms § 


Ne 
| 


[aocxocmp § 


———— X ——9— § — 


Pur. 11. Mpumep cuute3a cuctempl aptoma- 
THYCCKOLO PeryHPOBaHUA C O6paTHO cBA3bIO 
BO BPe€MeHHOH OOuacTH. 


a —~ CTPYKTypHad CXeMa; O—KpuBHe PasoBLIx yraoB pe- 
ryAGTOpa; 6 —KPHBble Pa3oBblx yraoB o6bekta; 2—Kop- 
HeBOH Todorpad CHcTeMbl peryaupoBaHua. 


BO BPeMeHHOA OOacTH comep KUT AMUIb CYMMHPOBaHHe yrvioB 
Ha KOMMNACKCHOM MAOCKOCTH HM He TpeOyeT wWa6AOHOB, OHaKO 
B HaCTOAUlee BPeMA OH, BOObLIe roBopa, TpeOyeT Oo.4buero 
rpauyeckoro Tpyma, 4emM CHHTe3 B YaCTOTHOT oOmacTu. Takum 
oOpasom, NOK43aHO CXONCTBO CHHTe3a B YaCTOTHOH H BDeMeH= 
HOM oOvlacTax. 

IIpevMyukecTBO uacTOTHOTO MeTOMa COCTOUT B TOM, 4TO 
PyHKUHA YaCTOTH! aABAReTCA PyHkuneH KOMMAeKCHOL Mle peMeHHOH 
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3. Yacrotnoie xapaKTepucTuKu U nepexodneli npouecc 139 
uM Mp 9TOM MOKHO li pHMCHATS KoHpopMHoe oOTOOPAKeHHe. 


MerTou KOpHeBoro romorpaa nmosBo.deT NPHMCHHTb KOH@OpM- 
Hoe oTOOpaxeHHve AA CHHTe3a BO BpeMeHHOM oO1acTH. 


| SakmoueHHe 

Cpasb Mexkay “acTOTHOn XapakTepHCTHKOM HM nepexOJHbIM 
Npoweccom B o6urem Bue TPYAHO csopMyIMpOBaTb, u60 OHA 
3aBHCMT OT KOHKpeTHOrO Bula KOPHEeBOTO ronorpada. Baaronapa 
HaHuHIO CBASH MCKAY aMnuTy HO-cpasoBort xapakTepHcTHKOR 
Ha naockocth G W KOpHEBBIM romorpaom Ha MocKOCcTH § 
nocpeCTBOM KOHPOPMHOTO oTOOpakeHHA MOXKHO onpeeAATb 
yacToTHy!O ‘XapakTepHCTUKy yepe3 NapaMeTphl nepexoHOro 
mpowecca. — 

XapakTepucTHKy CHCTEMBI apToMaTMyecKoro peryMpOBaHHA 
MOXKHO HaliTH, KoTMa oMmpeeAcHbl MOJOCh! H HYAH MepezaTou- 
HOM dy HKuAH gaMKHYTOM CHCTeMbI H CoOTBeTCTBYIOLHe MOCTOAH- 
Hne MHOKHTeIM. OTH HyAH H momocbhl, salawoue, © onHok 
cTOpOHE!, NepesaTouHy to (pyHKILMi0 gaMKHyTOM CHCTeMbI, 4 C APY 
rofi— mepexomHbilt mpoiecc, MOXKHO HCHOAb30BaTb Kak Cpel- 
CTBO JA BbIPAKCHHA yacTOTHOM XapakTepHCTHKH epes napa- 
MeTphI mepexoAHOro npowecca, u Haodopor. 

TloKa3aHO HeCKOJbKO YyC/IOBHO yCTOMUMBEIX CHCTeM H pac- 
CMOTpeHO COOTBETCTBHE MexKLy WX aMILIMTy LHO-a3sOBbiMu 
xapakTepHcTHKaMH Hi KOPHeBLIMU romorpadamu. TloKasavo TakiKe, 
uTo ycaoBHad yCTOMMHBOCTD, KoTOpad Mmpexkle OO bACHA ACh 
Ha ocHoBe KpuTepua Halixpucta Ha MaockocTH G, 3akmoUaeTcd 
B pasM4HOM HIM, BepHee, HeOObIYHOM HMepecedecHHH KOPHCBBIM 
romorpadom MHMMOM OCH nmaockoctu s. Hakone, 6bl10 MOKa- 
3aHo, UTO CHHTe3 MOKHO BLINOAHUTD FpaduyeckH aHasOrHdHbIM 
06pa30M Kak B yacTOTHOM, Tak H BO BpeMeHHOn oOmacTax. 

Takum oO6pasoM, B Hacroauelt paGoTe NoKasaHo, 4TO CBA3b 
Mexkiy “acTOTHOM XapakTepucTHKOK H nepeXOJHBIM MpoleccoM 
merko ycTaHaBaAMBaeTcaA C TlOMOLIbIO §©=KOHG@OPMHOTO oTo6pa- 
KeHHA. 

Kaxomy 43 JByX MeTOOB — 4acTOTHOMy MeTOAY HIM MeTOAY 
KOPHEBBbIX romorpatos — ClenyeT OTAATS pe AMouTeHHe, 3aBH- 
cuT OT yYCMOTPCHHA pacueTuHka, KOTOPHIA yuHTbipact y LO6CTBO 
BLIUepYMBaHUA KPHBBIX H xapakTep KOHKpeTHOK 3aauH. B HeKO- 
Topix cayyaax o6a MeTona nonoauaoT Apyr apyra. 
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4, ONPEXTENEHHE NEPEXOJHbIX MPOWECCOB MO YACTOT- 
HbIM XAPAKTEPHCTHKAM PASOMKHYTOH CHCTEMbI‘)2) 


Hoc. Beeprcor 





Baegenne 


CuHTe3 CHCTeMBl aBTOMATHYeCKOrTO peryHpoBaHHA C OOpaT- 
HOM CBA3bIO OGBIYHO OCYLIeECTBAAeTCA C HCNObSOBaHHEM ee 
YaCTOTHHIX XAPaKTePHCTHK, OJHaKO NOBeeHHe CHCTeMH! Ayame 
BCe€roO OeHHBATb MO ee MepexoAHOMy Npouweccy. CrenopaTerbuo, 
HEOOXOAHMO YCTA@HOBATb MO BOSMO2XKHOCTH HeNOCpeACTBeHHYWO * 
CBA3b MepexOAHOrO Mpowecca C YaCTOTHBIMH XapakTeEPHCTHKaMH. 
XotTa TOWHHe, MOCTaTOUHO OOULHe MaTeMaTHYeCKHe COOTHOUe- 
HHA M@KLy 9THMH AByMA XapaKTePHCTHKAMH NOAYYMTh TpyAHO, 
Bce 2K€ MOMKHO HaliTH 6Golee HIM MeHee HawexKHbe npHOrMKe- 
nua. B maHHof cTaTbe NyTeM HCCeNOBaHHA WH CpaBHeHHa Nepe- 
XOMHEX MpoOWeccoB Wa OOAbWOTO 4YHCIa THNOB NepeaTOUHHX 
PyHKWHA CHCTeM ABTOMATHYeECKOrO PeryAHPOBaHHA BHIBOATCA 
HeEKOTOpHe HanOoee BaxkKHbe H3 STUX NPHOAMKeHHA. 

CooTHOueHHa MeKIy peakuveH CHCTeMbI Ha CTyMeHyaTOe 
BO3MeHCTBHE ,H YaCTOTHBIMH XapaKTePHCTHKAMH CHCTeM aBTOMa- 
THYeCKOrO peryHPOB2HHA paCcCMaTPHBalHCb MHOTO pa3, HO, 
HeECMOTPA Ha 9TO, M@KDY HHMH WO CHX NOP He yCTaHOBeHO 
mocTaTOuHO MomHOf cBa3H. O6HYHO WHKeHep 3HaeT, YTO OBICT- 
pota peakuWH CHCTeMBI Ha CTyMeHYaTOe BOsLeACTBHe HEKOTO- 
PHM O6pa30M CBAgaHa C WIMPHHOM MOOCH MponyckaHua CHCTeMHY, 
OMHAaKO Mp |KOAMYeCTBEHHOM OMpedeeHHH STOTO COOTHOWIeHHA 
OH, BePOATHO, BCTpeTHI On OonbuiHe TPYQHOCTH, HCK10UaA 
pa3Be CAMWKOM HeaM3HpoBaHHble Cyyan. 

Onnako elle 6onee BaxKHLIM, JEM HCOCTATOK 3HaHHA CBASH 
MexKIY peakiwweH Ha CTyMeHyaTOe BO3MyIeHHe HM YaCTOTHHIMH 
XapaKTePUCTHKAaMH, ABAACTCA NOHO HTHOPHPOBaHHe COOTHOLIE- 
HHA MeX%KDy: YaCTOTHBIMH XapaKTePWCTHKaMH HW ApyrHMu Mepe- 
XOAHBIMH MIPOWeCCaMH CHCTeMBI: HMIYAbCHOM NepexoaHok Xapak~ 
TePHCTHKOK, peakuweHh CHCTeCMN) Ha BXOT C MOCTOAHHOR 











1) Biernson G. A,, Trans. A/EE, Part II, 74, 388—403 (1955). 
3) PaccmaTpuBaloTca AOrapHpMHYeCKHe aMMAMTYAHLIe XapaKkTepu- 
CTHKH, COKPallleHHo JIAX. — [Tpum. peo. 
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CKOPOCTbIO, peakiuMeH Ha CKayOK ycKopeHua u T. 4. O6nIdHO 
STH MepexOAHble MpOleccht ropa3sqo serue onpenenuTb no 
UaCTOTHLIM XapaKTePMCTHKaM, 4eM peakKUHIO Ha CTyMeHyaTOe 
BO3qeHCTBue. BeposTHO, riaBHaA NpHunHa MpeneOpexkenua 9THMH 
M€peXORHbIMH XapakKTepuCTHKaMH COCTOHT B TOM, 4YTO He 
B MOCTaTOUHOK Mepe MOHHMMaeTCA UX POTb B OOULEM NoBeLe- 
HHW CHCTeMbI @BTOMATHYeCKOTO peryAHpOBaHHA BO BpPeMeHH. 

B pa6ote [1] Obl10 yka3aHO Ha 3Ha4eHHe pa3/IM4HEIX Mepe- 
XOMHDIX XapaKTe€PUCTHK CHCTe€M aBTOMATHYECKOTO pery.MpoBa- 
HHA. Belo MOKa3aHO, YTO AIA OTCbHBIX CHCTeEM aBTOMATH- 
YeECKOrO pery/IMpOBaHHA MMCeTCA AMIUb HECKOAbKO MepeXOTHbIX 
XaPaKTCPHCTHK, KOTOPbIe ABAAIOTCA BaoXKHbIMH, H CCIM BCe OHH 
H3BeCTHEI, TO pacueTYWKy OCTATOUHO HCMOAb30BaTb rpy6ble 
NpHOAWKeHMA AA KaxKMOH 43 HUX, ITOOH AerKO MC MpHem- 
A€MOK TOUHOCTbIO BBIUHCIHTb KDHBYIO peaKIMH CHCTeMBI Ha 
NPOWSBObHEIH CHrHa Ha BxXOZe. CarenopatTenbHOo, ecu pac- 
YeTUHK MOKET MOCTATOUHO TOUHO OMCHHTb 9TH MepexosHble 
XapaKTepMCTHKH NO YaCTOTHBIM XapaKTepHCTHKaM pa3OMKHYTOM 
CHCTEMbI, TO OH CMO2%KET YCTAHOBHTb HENOCPeACTBeHHOE B/IMAHHE 
neneH, KOTOPbI€e BBOAATCA HM B CHCTeMy aBTOMATHYeCKOrO 
peryiHpOBaHHA, Ha peaKUHiO pe3yAbTHpylouleH CHCTeMbI WA 

~mo6oro Bxowa. B naHHOM cTaTbe emaeTCA NONbITKa DOCTHUb 
STOH We7H. 

Han6osee Baxkuble XapaKTePHCTHKH MepeXOAHEIX MpOUeccoB 
Ayuule BCerO MOX%KHO OWCHHTb MyTeM MCC NOBaHHA YaCTOTHBIX 
XapaKTeCPUCTHK Pa3OMKHYTOH CHCTeMbI. OTO OOCTOATEbCTBO 
cieQyeT CuuTaTb BeCbMa OarONpHATHBIM, Tak Kak XapakTepH- 
CTHKH Pa30MKHYTOFO KOHTYpa — 9TO HMEHHO Te XapakTepUCTHKH, 
KOTOpble BLIOMpAaIOTCA MpH pacueTe CHCTeM aBTOMaTHYeCKOrO 
peryupoBaHud. OCHOBHBIM HCKJIOUCHHEM ABJIHETCA MAaKCHMAaJlb- 
Hoe NepeperyHpoBaHHe CHCTeMHL MPH CTyMeHyaTOM BO3MYLIe- 
HHH, KOTOPOe€ MOMKHO JyuLe BCeroO yCTaHOBUTb MO M@aKCHMaJlb- 
HBIM 3HaueHHaM (M,) waCTOTHOK XapaKTepHCTHKH s3aMKHyTOM 


cucTembl. []paBuia Od OWeHKH 9THX MepeXOAHIX XapakTepu- 
CTHK YCTaHaBIHBalOTCA B CTaTbe Ha OCHOBaHHH S3MMMPHYeECKHX 
M WHTYHTHBHEIX COOOpaxkeHHA MyTeM UCCAeROBaHHA GOAbWOrO 
WHC1a PasIHYHbIX NepewaTounbix dyHkunh. Jaa stux npaBua 
aBTOPy yYial0Cb NOYYUTh MpHemMAemMoe TeopeTHYecKOe OOOCHO- 
BaHHe, CJMUIKOM TPOMO3—KOe, YTOOBI erO MOXKHO ObIM0 H310- 
X%KHTb B WaHHOH CTaTbe. OHO OCHOBbIBAeTCA Ha pe3yAbTaTax, 
NPHBCAeHHEIX B CTaTbe [2], B KOTOPOM NoOKasaHO, Kak NosmocB 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


4. Onpedenenue nepexodneix npoyeccos no JTAX’am 143 


NepewaTOuHOH sbyHKUMH 3aMKHyTOM CHCTeMbI CBASaHbI C YaCTOT- 
HbIMH XaPpaKTePHCTHKaMH CHCTeMbI B Ppa3OMKHYTOM COCTOSHHH, 
H emy OymeT NocBallena caeqyioujad cTaTba. Boabilaa 4acTb 
MaTepHaa B| HaCcTOAueH cTaTbe Oba OMyOHKOBaHa NepsBo- 
HauabHO B WacTH IV paG6otTn [3]. 


TepMHHOJOrHA 


TepMHHB! WH OOO3HaYeHHA, HCNOAbSyeMble B 9TOH CTaTbe, 
yKa3aHbl Ha 610K-CXeMe CHCTeMBI ABTOMATHNeCKOTO peryupoBa- 
HHA C OOpaTHOK cBaabio (dur. 1), roe %;— BXOAHOM CurHan, 
X,—curHat owH6xu, X,,—curHan oOpaTHoH cBa3u. 

Curnal o6patTHoh cBa3d 4acTO paBHACTCA BEIXOLHOMY CHT- 
Hany X,. Han6onee BaxkHble MepewaTouHble cbyHKWMH CHCTeMBI 
aBTOMATHYECKOrO peryAHpOBaHHA TaKOBBI: 





= Su mepemaTounad PyHKWuA KOHTypa; 

6 

x I—nepenaTouHad *yHKUMA 3aMKHYTOM CHCTeMBI 10 
7 

| OTHOWeHHIO K CHrHaaAy OOpaTHOh cBa3H; 

xX | 

x nepewaTouvad MyYHKWHA OWHOKH. 
. 


TlepeazatouHad @yHKWMA KOHTypa G 4acTo Ha3blBaeTca Nepe- 
MaTOuUHOK dyHKkunHeH pasoMKHyToH cuctempl. Monyab Beuu- 
uHHBI G Mp BelleCTBEHHHIX YaCTOTaX Ha3blBaeTCA aMNAMTY HOM 
XapaKTepHCTHKOM, HAH YCH.IeCHHeM CHCTeMEI. 

Han6oee BaxkHbIM JMHAaMHYeCKHM MapaMeTPOM CHCTeMBI 
ABTOMATHYeECKOTO peryAMPOBaHHA ABAAeCTCA IWHPHHA MNOAOCH 
MponycKaHus; aBTOp Halllew, 4TO MpeKpaCHbIM KpHTepHeM aA 
WHPHHH MOMOCH MpOMycKaHWA CHCTeMbI AaBTOMATHYeCKOrO pery- 
AMPOBaHHA ABIACTCA YaCTOTA Cpesa, OOO3HAYaeMaA YEPe3 Wey 
H onpelemaemad KaK YacTOTa, IIpH KOTOpOH yCcumeHHe CHCTeMBI 
paBHO eauHHue. Uactota cpe3a uMeeT CulelyloulMe NpeHMy- 
LIECTBa Meped APyrMMH KPHTepHAMH LAA WHPHHbI NOAOCH Mpo- 
nycKanua: 1) ee nerKO MOXKHO M3MePHTb HM BHYMCAHTb, 2) OHA 
aeT CamMoe 'HanexHOe YKa3aHHe OTHOCHTebHO BpeMeHH Hapa- 
CTaHHA peaKUHH CHCTeMBI Ha CTyneHuaToe BosxeficTBHe AAA 
BCeX THNOB CHCTeM aBTOMATHYECKOrTO peryHpOBaHHA, Kak STO 
MoKasaHo B HacTosilef cTaTbe. 

J\pyruM MojesHBIM MapaMeTPOM WIMPHHE NOAOCH MponycKa- 
HHA, CBAgaHHBIM € 4acTOTOK cpe3a ,,, ABAAETCA 4YaCTOTAa Cpesa 








cg 
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ACMMNTOTH, OOOSHAYaeMaA YepPes wy. LacTOTb! w, H W,, MOKa- 
3aHbt Ha cur. |. 

BMeCcTO eCAMHHUbI Oeyuder (06) Mbl HCNOAb3yeM HOBYyW, 60- 
nee OOLLYIO NOrapHdmunyeckylo CAMHHLy — Oeyuzo2 (Anoz). Tana 


Brod QuubKa 
K sea KOH may Nepedamourasd qoyHKyUd 
noHmypa 





Cuenan OOpamHou céAsu KOKMYpaA 






Acumnmoma t HaOKAGHOM 
10 dnoe/ dexada 


Yacmuma Cpe3a 
ONS acumnmomot 


Yeunernue 








Yacmouma vpe3sa 


{G/ (a nozapugemuyuecnom macumabe) 


Yacmoma (6 Mezapud@muuecnom macuimnage ) 


Pur. I. Tloacheyue NpHHATOH TepMHHONOrHH. 


Kakoro-1H60 Gespa3mepHoro OTHOWeHMA A BHaueHHe ero B Ae- 
Wuuorax OyzeT paBHO 


A (B KeuMsorax) = 10 logy, A. (1) 


Takum o6pas3om, oTHOWeHHIO 10 cooTBetcTByet 10 nem. 
AOTOB, YTO COKpaleHHO 3anucbiBaetca Kak 10 Ouoe. 
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QNeMEHTH] NepexoAHOoro mpouecca 


B cratpe [1] 6ni10 moKka3aHO, 4YTO HMeeTCA TPH OCHOBHEIX 
CeMeHCTBa XapaKTePHCTHK, KOTOPHe ONpexersioT o6ulee MoBe- 
MeHHe CHCTeEMBl ABTOMATHYCCKOFO peryMpOBaHHA BO BPeMeHH; 
STO COCTaBAAIOUlMe MepexonzHoro mpouecca 7,,(f), Kosdpdu- 
WHEHThI YCTAHOBMBIUETOCA COCTOAHHA C, H KOSPDUUHEHTHI Hayab- 
HBIX 3HaYeHHH Q,,. OTH XapaKTEPHCTHKH MOABAAIOTCA B BHIXOJ- 
HOH peaKUMM CHCTeMH Ha CAMHHYHEIA CKa4OK MpOHK3BOAHOK HAH 
HHTerpata OT BXOAHOrO CurHata. BHXOAHYIO peakUHlO CHCTeML 
ABTOMATHYeCKOTO peryAMpOBaHiA Ha CAMHHYHEIA CKaYOK npons- 
BOJHOK #-NO NOPAAKAa MOKHO BbIPasHTb Ce AYIOULHM OOpasom 


xy ()= Tn) ent ona + 
f tn—t 
+ Cy_2 aL 23 ais es 1)! +o—. 


TlepexoaHyio cocTaBasioulyio 7,,(¢) HasoBem cocTaBasiomett 
MepexOAHOrO Mpokecca CHCTeMbI NO n-f NpPOH3BOAHOH, a Ko9d- 
(PULHEHT C,,' HasOBEM KOSPUUMEHTOM YCTAaHOBUBWeroca COcTOA- 
HHA CHCTeMBI MO f#-H mponsBonHOK. Jaa eMHu4HOTO CKayKa 
m-KpaTHOTQ HHTerpada peakuMA Ha BHxXoAe SyrerT 


Sg) = Tem Omats OF Om atta (+ 3) 
| +... + dott, (f), ( 


rie u, (t) —. eLMHHUHEIH MMNyjbe mpu f= 0; wa, (f)— npoussor- 
Haf OT eAMHHYHOTO MMIlyAbCa; uy (f)—— BTOpaad NponsBoAHaA OT 
CQHHHYHOFO| HMMyibca uw T. A. Koocduuvent a,, HasoBem 
KOSPPUUHEHTOM HayabHOrO 3HayeHHA m-H MpousBoOAHOH. 
KosduuvenTh ycTavOBMBUeroca 3Haye HHA HM KOSuUeHTHI 
HauaNbHNX BHaYeHHA CBASaHbI C HaYabHBIMH 3H@YCHHAMH COOT- 
BETCTBYIOWWAX COCTABAAIOWAX MepexoaHoro mpouecca. Ecau 
CHCT€Ma HMECT KOHEYHYIO WHPHHY MOJOCH MponycKaHus, TO 
Hava/IbHble BHAaYCHHA peaKUMH Ha CTyNeHYaTOe BOSMYyeHHe H 
peak Hal CKaYKH MPOH3BOAHHIX OJDKHK PaBHATLCA Hywi0 4). 
oaarasi Bbipakenue (2) paBHAM Hywio npu?¢= 0, nozyynM 


Ci, —=—T,(0) aaa n>O. (4) 


(2) 








1) Tax Kak pH KOHeCYHOH NOOce MPONycKaHHA CHCTeMBI NOpAAOK 
WHCHMTeAA NepekaTOuHOH PyHKUMH MEHbULe MOpayKa 3HaMeHaTeas. — 
Tipum. peo. 


10 Sax. 2356, 
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MooKHO TaKxKe NOKA3aTb, YTO KOSPPHUMEHTHI HavabHBIX 3Ha- 
YCHHA MOJDKHbI ObITb PaBHbI 


Qm = T_m(0) 18 m> 0. (5) 


Ecam CHCT€Ma HMCe€T KOHCUHY!O WHPHHY Mosochl MponycKanua, 
TO KOSIMPHUMEHT Hava/IbHOTO 3HaYeHHA peaKWHH Ha CTyMenua- 
TO€ BO3MYLMeHHe dy paBeH Hy. Tlepsble Ba 4aeHa pasu0- 
*xKeCHHA B ypaBHenuu (2) paBubl [7,,(4)-+-c,], 4, KaK 9TO BHAHO 
M3 ypaBHeHuA (4), MX CyMMa OMpeneiseT XapakTepucTuky, 
WMCIOWWyIO Hayao B Hye. OTO CBOHCTBO OYeHb yAOOHO, U 
NOSTOMY BMe€CTO COCTaBAMIOWeH NepexoAHOrO mpouecca T, (Z) 
uaCTO CTPOHTCA rpaduk cymMb [7,,(4)-+-c,], KoTOpbIi Ha3bi- 
BaeTCH COCTABHbIM M€PpeXOAHBIM MPOWeCcOM NO A-H NpousBOAHOH. 

CkayOK MpOw3BONHOK mpeacTaBaseT COGOK HH3KOUAaCTOTHBIH 
BXOM, a Qf TaKHX BXOMOB peaKWWA Ha BbIXOe CehyeT 3a 
BXOJOM TaK OJIM3KO, YTO YacTO HeEOOXOAHMO paccMaTpUBaTb 
KPHBY!O H3M€HEHWA OWWHOKM, a HE BbIXOLHYIO peakiuio (Mepe- 
XOMHbIM mpouecc). Omwn6Ka cCHCTeMbI CBA34Ha C  BbIXOJHBIM 
CHTHAJIOM COOTHOLICHHEM 


X¢ (f) = x; (f1)— xy (4). (6) 


Ilonctapiaa pa3sioxKenve ana x, (¢) [ypaBHeHue (2)] B 
BbIpaKeHHe (6), MOMyYHM cuenywUlee pasioxeHne ana x, (2): 


r 7 / t {2 
x(t) = 1 (f)-+ Cy Cnet — hee re 


sig re tee {n (7) 
rae 
Tn (t) = — Ty (2); (8) 
Cn =— Cp Aad n >O, (9) 
Co = 1— cp. (10) 


CocTapisoulad nepexonHoro mpouecca 7,,(t) aBanetca 
COCTaBAAIOWULeH nepexonHoro Mpowecca OWHOKH NO n-f mpous- 
BOAMHOHK, & KOSMMUMNEHT Cc. ABIACTCA KOS@DUUMEHTOM YCTAHO- 
BUBUUerOCd COCTOSHHA omu6Kn, KOTOPHIA OObIYHO H3BeCTeH KaK 
KOIPPRUKEHT OWMOKH NO n-fi MpousBOAHOH, 
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/laa cucTeM C MpOcTHIMH MomlocaMH COCTaBaAMWUMe Meped 
XOAHOTO MpOWeCcca MOXKHO BHIYHCAMTb C MOMOLIbIO COOTHOLIEHH- 


aK 
T, (4) ae (11) 
E=1 





rhe $;—— OHH 43 L nomocos nepeaxaTouHOH yHKunn cucTemMBl, 
a K;,— kostppuuwenT peakuwH Ha cTyneHyaToe Bo3eticTBHeE 
Ad STOTO MOm0Ca, PaBHEh 


K,= (s — S1) Ay 


sx, (12) 





He3aBucumo 'OT MOpAaKa Nowmloca CHCTeMBI COCTaBAMOUIMe Nepe- 
XORHOrO NpoWecca NO MOCMeAOBATeALHLIM MPOW3BOAHEIM CBA- 
3aHbl COOTHOLUCHHEM 


Ta) = f Ty_1 (0) dt. (18) 


TakuM OO6pagom, ecu Kakaa-2H60 cocTaBaswulad nMepexos- 
HOrO mpolecca onpewemeHa C ROCTATOUHOK TOUHOCTbIO, TO BCe 
ApyrWe COCTaBAAIOUHe MOKHO ONpedeAUTe MOCAeEAOBATeJbHEIM 
AupdepeHMpoBaHHeM HM HHTerpvpoBanuem. 

KosuuvenTbl yCTaHOBUBWerOcA COCTOAHHA MOXKHO BHIYHC- 
AMTb NO opmyue 





i oe eae 
nl ds” Xt 





: (14) 
8=0 | 
KosuuveHTh HayabHBIX 3HAYeHHA MOXKHO ONpedeauTb, 3aMe- 
Had s B X,/X,; Ha 1/A w ucnoab3ya cooTHOMeHHe 


1 dm x7} 
Oy = z(x)| _ (15) 


C apyrott cropousi, stu KoIpPpuuHeHTE! OGETUHO ropa3az0 serue 
BBIUHCAATb C MOMOUbIO pa3siOKeHHA MepewaTOUHOR yHKuHH 
X,/X; 10 NpaBuay ReaeHHa MHOTOWeHOB, Kak MOKa3aHO B MpH- 
AOKeCHHH K CfraTbe [1]. Ecau uwenbl uncauTena uw 3HaMeHaTena 
PaCnOAO*KUTb| MO BOSPACTAaIOUMM CTeMeHAM S, TO B pe3ybTaTe 
A€ACHHA NOAYYHM KOSPDUUMEHTH! YCTAHOBHBUIETOCA COCTOAHHG; 
CCAH KE PaCNONOKUTb WICH MO YyObIBAaIOWIHM CTeMeHAM S, TO 
ApH Ae€AeCHHH MOAYYMM KOSMPMUMEHTH HavYaIbHEIX 3HaueHHH. 





10* 
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Cucmema muna l Cucmema muna I] 
(npoemast anepuoduvecKas) (cmamuyeckas) 
a) Peanuua Ha uMmMNyABC 
We Ke a, =F c pera, =, 
T=1/w, 
A F T =09/w, 
6 1 2 8' 4 (Su,t 6 § 2 8 4 Sut 
; ) Peakyug Ha CKhAYOK | 
[pao LOMHOCUMENDHO CueHaNA obpamuon / COMIU) 
¢ — 
5 vif 
0 f 2 5 4 Sw,t 0 1 2 3 4 Sw,t 
8) PEAKUUSA HA CKA YOK 
F (omHocumMeNbHo cueHana jousuorc) 
B 3 
0 2 5 44 5w,t 0 5 Wyt 


2) Peakuusg Ha CKaYOK cKopocmu 


/ Mo3suuyuoHnan oulUuéKa 















Wo oe = 
K 
O 1 2 38 4 Swrt 0 1 2 8 4 Sw,t 
O) Peanyus Ha cKayoK ycxopeHus 
012 8 4 Sut 0 1 2 3 4 Supt 
OmpuyamenbHagt OMpPUuuaMeNbHAA 
\ CKOpoCTHas CHOPOCTIHAH m1 - 
K C22 -T; 
wie lbs ar 
We 





Pur. 3. Coctapasioutue mepexogunoro npouecca cuctem | u I 
TuNOB (CHCTeM Nepsoro NoparKa). 
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C momoutbid ypaBHenua (15) MOoxKHO MOKa3aTb, YTO OTAMYHEIA 
OT HVA KOSPQDULHEHT HAYaIbHBIX 3HaYeHHA HMBWero NopaaKa 


paBeH 
yy, = 5m 28 

¢ | g=00 
a Cc MOMOWIbIO ypaBHeHua (14) MO%KHO NOKa3aTb, YTO OTAMYHBIA 
OT HYAA KOSPDPHUMEHT YCTAHOBHBWerOCcA COCTOAHMA HH3Wero 


nOpaaka paBeH 





= mo| | (16) 


Xx 
p —- on 
ihe os Xe 








(17) 
8=0 


Mpennoanaras, yro npu HyeBOM YacTOTe CcHCTeMa uMeeT ycH- 
neve, Oombwee HYIA, MOKHO YTBEPKAATb, 4YTO KOSPDUUMEHT 
peaKWuMH Ha CTyMeHyaTOe BO3aeHCTBHeE Cy HUMKOrAa He paBeH 
HyJiO H, CAC@MOBATeABHO, BCeEra ABAACTCA OTJMYHEIM OT HYJA 
KOSPDPHUMEHTOM YCTAHOBHBIUerOCA COCTOAHHA HH3Wero NopstKa 
lad BbIXOAHOM peakuun. C apyrof cTOpoubl, LA OTAMYHOTO OT 
HyA KOSPPHUMeEHTA OWMOKH HH3WWero MOpAaKa MMeeTCA aHa- 
NOTMYHOE COOTHOWeHHE 

? Xe 


Cy = s” 


18 
ies (18) 


Hu KosdduuwenT OWHOKH Ha CTyMeHyaTOe BO3sLeHMCTBHE C5 uacTo 


paBeH HYyJIi0. 

Poab COCTABAAIOULUX MepexoAHOrO Mpowecca, a TakxKe KOI- 
UUMEHTOB | yYCTAHOBHBUUeETOCA COCTOAHHA KH KOSPHUKEHTOB 
HauaJIbHbIX 3HaYeHHA He OFpaHHYWBaeTCA TeM, 4TO OHH ONpe- 
neAIOT PeaKWMIO Ha OFpaHHyeHHylO PpynMy BXOHBIX CHPHa10B; 
QHH OMNHCbIBalOoT peakuviIO Ha 060K Bxog. Kak moka3aHo 
B cTaTbe [1], nepexonHble MpOWecchl CHCTeMbl ONpeemMOT ee 
OO6ulyio BpeMeHHYIO XapaKTepHCTHKY B YMOOHOM JAA MpaKTHKH 
Bue: WMeeTCA HeOONbWIaA Fpylna MepeXOAHBIX MpOMeccos, 
KOTOPHe ABMIAIOTCA BaXKHEIMH Id DAaHHOM CHCTeEMBI, H ECM BCe 
OHH H3BeCTHbI, TO KaxKAbIM H3 HHX MOCTATOUHO BbIPasHTb JIMLUIb 
MpHOAWKEHHO 2A yCTaHOBeHHA peaKWHH Ha T000K BxXOJHOM 
CurHa.. 

Koraa Aaa sToH rpynnbt mepexoAHBIX NMpomeccoB HCNOMb- 
ByIOTCA COCTABAAIOWHe MepexomHOrO Mpowecca, a TakxKe KOdp- 
(PHILMeEHTHI YCTAHOBHBLIEFOCA COCTOAHHA WM HauaJbHbIX 3Ha4eHHh, 
TO peakuua Ha 060M BXOM MOXKeT ObITh AerKO MOCTPOeHA. 
Merton moctpoenus, pasBuTbit B cTaTbe [1], kKpaTKO H3102KeH 


8 Hpuzoxenuu I. 
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Sau ae aunlts adhe thiem rt heterethtere sium in chemin em andi onda ana rahe nem alain es eee . A A EE A a, Gy I are a ofa me 





Tpynna mepexoJHblx MmpoueccoB, KOTOpanA ABAAeTCA BaxKHOH 
AAA NaHHOK CHCTeMbI, HeH3MCHHA He3aBHCHMO OT BXOAHOrO 
CHTHala, WM OrpaHW4eHHs, HakAalblpaeMble Ha 93Ty rpynny, 
3aBUCAT OT XapaKTePHCTHK MepewaTOUHOM MyHKWHH CHCTeMBI. 
Tak Kak HaCTOSad CTaTbA MOCBAULeEHa HCCeMOBaHUIO Nepexol- 
HEX MpOWweCccOB OTACAbHEIX CHCTeM, TO ykKa3aHbl Mpoctpie 
usnyeckve MPHYHHE!, MO KOTOPLIM HET HeEOOXOMMMOCTH pac- 
CMATPpHBaTb Apyrue mepexodtuble npomeccHl. TonomHuTebHble 
NpW4HHbI MpHBeweHbI B CTaTbe [1]. 


AccueqoBpanna NepeXOAubIx MpoHeccoB CHCTCM CeCMH THIIOB 


Ha dur. 2 mpupeweHbl CeMb pa3MUHEIX THNOB Mepesa- 
TOUHBIX PyHKuNA cucTembl. [lepexoaHEe MpOWecchl BEIYMCeHE 







i 
? aS 
ee cde i We e)Peanyus Ha 
a) Peanyus CKAYON CKOPOCI 
J Ha npoussoduy+0 
om ummynoca 


661 285 4 Sut 


0 f 2 8 4 Stet 
0) PeanyiL? 


HO CHQNOK 
YCMOPEHUR 





061 2 3 4 Sw, t 


6) Peanyust I 
Ha UMNYbC 









G PF 2 3 4 Swyt 


8) Peakuyusn 
Ha CKAYON 


0 } 2 3 4 Supt 


Pur. 4. Coctapiaioujwe mepexoguoro mpouecca cHcTeMbI 
Ill Tuma (cuctemMbl Cc KpHTHYeCKHM AemNdpupoBannewm). 


B IIpunoxKenuu Il uw noctpoenht Ha cur. 3—8. Ha bur. 2 
MaoTCA TakKe ACHMIMTOTHYCCKHe AMMINTYAHble XapakKTepHCTHKH 
|G(jw)| maa Kaxkgof CHCTeMbI HM BEIPaKeHHA NMepeaTOUHbIXx 
(pyHKunA ownOKn X,/X;. 

Cuctemb! BbiOpaHbl Tak, YTOOL! MOKa3saTb BAMAHHE Ha Nepe- 
XOJHBIE MpOwecchl CrenyouMx dakTopos: |) uxTerpupywuero 
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Pur. 5. CocTaBasioulne mepexoguoro Mmpoyecca CHCTeMbI 

IV ruma (cucTeMW c AeMMPupoBaHHeM MeHbINe KPHTH- 
: “wecKoro). 
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6) Peaxyusd Ha cKavyoK 
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2) Peaxyuan Ha CHAYOK 
Cropocmu 
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Pur. 6. Coctaprsouywe mepexoguHoro mpouecca cuctembl V tuna 
(CHCTEMLI C MaJbIM KOodpHuHeEHTOM OWIMOKH NO cKOpocthH). 
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Pur. 7, CocTaBraowue nepexogquoro mpouecca cuctemb VI tuna 
(acTaTHYeCKOH CHCTeEMHI BTOpOrO MopArKa). 
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Pur. 8. CocraBlaiouywe mepexoguoro mporecca | cucte- 
MbI VII Tuma (acTaTHyecKOH CHCTeMbI BTOpOorO MopaaKa 
C M@JbIM KOOPPUUHEHTOM OIHOKH MO ycKOpeHnio). 
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F 0) Peaxyua Ha crayon ycxopeHua 
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e) Peaxyun Ha CKQYOK YCKOpeHua 
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Pur. 8. (Mponomenne). 
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AeHCTBMA MPH HU3KHX YacTOTax; 2) WHpHHEI mMomocb mpony- 
CKaHHA (YaCTOTH! Cpe3a); 3) MaKCHMa@JbHBIX 3HaueHHit aMIMWIHTy 1- 
HbIX YaCTOTHBIX XaPpaKTeEPMCTHK 3aMKHYTOH CHCTeMbI. 

Ilepexoqubie XapakTepucTuKH cTposaTca B Oespa3mMepHbIx 
KOOPAMHaTaX B 3aBHCHMOCTH OT aCHMMTOTHYeCKOH YacTOTHI 
cpe3a w,. [aa OoabuiMHCTBa cucTeM yacToTa w, NoUTH paBua 
NeACTBUTeAbHOK yacTOTe cpesa Meg HO Ad CucTembI IV Tuna 
Weg==0,720,, a OAM cucTemMp! V Tuna ona pasha 0,85 ,; 
CHENOBATEABHO, AIA 9THX MBYX CHCTEM HEKOTOPHIe nepexoaHble 
XapakTEPMCTHKH TakxKe Oe3pa3sMepHbl MO OTHOLICHHIO K Woy: 

Kpupble MepexOQHHIX XapaKTepHCTHK BBIXOZHOM peakiHu 
CTPOATCA WA CKaYKOOOPa3HbIX H3MeHEHHM MNTerpanos, a nepe- 
XOAHBIE MPOWecchl OWWHOKM — AIA CKAYKOB MpPOW3BORHHIX H JA 
CTYNCHYaTOrTO BO3MYLIeHHA Ha BxOJe. Jia cuctem | u II Tunos 
BHIXOHaA PeaKIMA CTPOHTCA TakoKe HW AAA CTyNeHYaTOrO BO3- 
NeHCTBHA Ha BxOne. 


Peakyun Ha cmynenuamoe boamymenue 


Ha our. 9, @ moka3aHa KpuBad H3MeHeHUA OWMOKU CHCTeMBI 
Mp4 CTYMCHYaTOM BOSMYLeHHH, NOCTpoeHHad B Ge3spa3sMepHOM 
MaClUTa6€ BDeMeHH B 3aBMCHMOCTH OT Weg MAA BCeX CHCTeM, 
3a HCKOUeHHeM CuCcTeMbI II Tuna. Bpems, B Teyenve KoTOporo 
OWIMOKa CHCTeMBI pH CTYMeHyaTOM BO3MYLLeHHK Mamaer 10 37°/, 
OT CBOCrO HavaJbHOrO 3HaYeHHA (HM, APYrHMH CAOBaMH, BDeMas, 
B TeyeHHe KOTOPOrO BbIXOAHaA PeaKUHA MOBbIWAeTCA MpH- 
MepHO 20 63°/, oT cBOero KOHeWHOrO 3HaueHHA), HasbIBaeTCA 
BpeMeHeM HapacTanwa Mp cTyMenyaTOM Bo3MyuleHuu ¢,. 3 
MpHBeMeHHOrO Tpaduka BHAHO, 4YTO 3HayeHHe BpeMeHM Hapa- 
CTaHHA MpPHOJMKeHHO paBHO 1/,, Ma BCex KpuBbIx. JlelicTBu- 
TCABHBI€ MpeAesbl 3HaueHHa ¢, MAA PasAMYHIX MepeXORHbIX 
XapakTepucTHK Ha cur. 9, @ paBubl 


t, = | + 109/,. (19) 


r Weg 

IIpuO.mKenHaad O6patTHad 3aBHCHMOCTb MeKLY BDeMeHeM 
HapacTaHua NpW CTyNeHyaTOM BO3ReHCTBHM M YacTOTOH cpesa 
ABIAeTCA OOWeH H O4eHb HanexKHOf, MW BCTeACTBHe 9sTOFO 
4acTOTy Cpe3a MOMKHO PaCCMaTPHBaTb Kak XOpOWMA KpUuTepui 
IUMPHHbI NOJOCh! NponycKanua. 

Peakuwu Ha CTyneHyaToe BO3MylueHHe (pur. 9, a) aa CHCTeM 
IV, Vu VI runos umeioT 25°/,-Hoe, a cuctema VII tuna — 30°/-Hye 
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nepeperyaupoBanne. Ecau 6b! Oblau MOCTPOeHI KPHBble «aMIIH- 
TYMHBIX YACTOTHEIX XA@PaKTEPHCTHK JA 34MKHYTHIX CHCTeM,4,TO 
MOKHO ObIIO Obl MOKA3aTb, YTO 9TH XAPAKTEPHCTHKH DAA CHCTeM 
[V, Vu VI TunoB MMeloT MakcuManbHoe 3HayeHve M,, paBHoe 
mpumepHo 1,3, B TO BpeMA kaK y cucTemb VII Tuma uMeeTcA 
HeCKOMbKO Ooubulee 3HaveHHe. TakHM OO6pa30M, KPHBbIe OKa- 
3bIBaIOT XOPOWIO H3BECTHOE COOTHOLICHHE,'«MO KOTOPOMY 3Ha- 
ueHHe M,, MO CyllecTBy, ONpewenneT BeAMYHHY nepeperyaupo- 
BaHHA Ip CTYMeHuaTOM BO3sLetcTBUH. ge * 

B nocwenHne roabl Ha6molanacbh BCe_BO3paCcTalollaa TeHJeH- 
WMA NpeneOperaTb 3THM COOTHOWEeHHEM MexkLy M, 4 MaKCHMa@/IbHbIM 
nepeperyAMvpoBaHneM, WH EMECTO 9TOFO AeaNCb MOMBITKH BbIpa- 
3HTb NepeperyAHPOBAaHHe Yepe3 KOSPDPULWMEHT LEMNDHPOBAaHHA TAK 
Ha3bIBaeMOH JOMAHHPYIOWleh Mapbl MOMOCOB 34MKHYTOH CHCTeMbI. 
Yacto mpesnomarawT, 4TO Aa NoayyueHHa NepeperyaupoBanns 
9Ta Mapa MONOCOB AOJKHAa HMCTb KOSDMMLMeEHT 3aTyXaHHA 
MeHbIUe KPHTHYeCKOrO. QOgHaKO, KaK MoKa3aHOo Ha (pur. 2, 
cuctembl VI u VII tTunmoB He HMMeIOT TAaKHX MOMOCOB; TeM He 
MeHee peakIMA Ha CTyMeHyaTOe BO3MyleHHe HMeeT TAaKOe Ke 
mepeperyHpoBaHwe, Kak HM peaKunA cucTemp! IV THMa, AAA 
KOTOpOH ko IMpHUneEHT AemMndupoBanna pasen 0,43. Takum 
oOpa30M, BHeWHHA BH KPHBbIX “aCTOTHKIX XapakKTepHCTHK 
MOKeT MaTb OOee BePHY!O HHMOPMALMIO OTHOCHTeEAbHO MAKCH- 
MaJbHOrO MepeperyAHpOBaHHA, YEM 3HAYeHHA MOAWCOB Mepesa- 
TOUHOK MYHKIWH 3aMKHYTOM CHCTeMBI. 

Bce cucTeMbl, Kpome cucTembl II Tuma, BenyT ce6a mpn 
HH3KUX YaCTOTAX KaK HHTerpupyiollee 3BeHO H, Cle LOBATebHO, 
HM€lOT PaBHbit HYJO KOS@UNMeEHT NMO3HUMOHHOK OWMOKH Co. 


Kos@@uuvenT mo3sHuHOHHOK owHOKH C pexctaBaseT co6on 


KOHEYHOe 3HayeHwe OWMOKH CHCTeMbI MIpH CTyNMeHYaTOM BO3- 
MYULCHHH HW, KaK BHJHO M3 qpur. 9, a, 9TH KPMBbIe AAA BCeX 
CHCTe€M, Kpome CHCTeMbI II THNMa, B YCTAaHOBHBIeMCA COCTOAHHH 
CTpeMATCH K Hywi0. Cuctema II Tuna uMeeT ycuvieHHe pu Hyse- 
BOH YacTOTe, paBHOe 9, TaK YTO ee KOIMMPULNEHT MOZSMUMOHHON 
omuOKH = ci==0,1. Takum o6pa3om, kpuBad owMOKM cH- 
cTeMbl [[ THMa NpH e€HHHYHOM CKauKe Ha BXOZe CTPeMHTCA 
K KOHEYHOMY SHaueHHIO, paBHomy O,1 (dur. 3, 7X). 

KosdpuunenT yCTaHOBUBILerOCa COCTOAHHA CMeLILCHHA BbIXOL- 
HOH peakuMH aa cuctembt I] Tuna pasen 


cg= 1—c) = 0,9. (20) 
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CnrehosateibHo, BbIXOJHad peakuua cucTembI II Tuna Ha edH- 
HHYHOe CTYNeHYATOe BO3SMeEMCTBHe CTPeMHTCA K KOHEYHOMY 3Ha- 
uenhio 0,9 (pur. 3, EF). C apyro# cTroponsl, aaa aApyrux 
CHCTEM KOSIPDHUNEHT CMECLIICHHA BEIXOJHOA peakKUHH Cy paBeH 
enuHuue. CilenopaTetbHO, KaK moKa3saHo Ha dur. 3, 5, aaa 
CHCTeMBI I THMa BbIXOTHBIe peaKUMH Ha eCAHHHYHbIM CKaYOK JIA 
BceX CHCTeM, 34 HMcCKOUeHHeM cHCcTeMbI II Tuma, cTpemaATcA 
K KOHEYHOMY 3H&a4eHHiO, paBHOMy eHHHLe, HK, ApyrMi 
COBaMM, BBIXOAJHOM CHrHaa (curHal oOpaTHoH cBa3H) paBeH 
B YCTAHOBHBLUeMCA COCTOAHHH BXODHOMY CHrHady. 


Peankuun xa cKa4OK cKoOpocmiu 


Ziaa cuctempl | Tuna KosduunexT owHOKH NO ckOpocTH 
paBeH |/w,. CrenosaTebHO, YCTAHOBMBUUeeCA 3HaYeHHe OWHOKH 
Mp CAHHHYHOM CKay¥Ke CKOPOCTH AOKHO ObITb paBHo I|/w,. 
Ha dur. 3,/° moka3aHa KpHBaf H3MeHeHHA OWHMOKH CHCTeMbI 
I THuNa MpH eCAWHHYHOM CKa4Ke CKOPOCTH BXOMHOTO cuHr- 
Hala, KOTOPaf BO3paCTaeT NO 9KCNOHEHLMAIbHOMY 3aKOHY 10 
KOHeYHOrO sHaueHHA 1/u,. 
ey: PaccmMoTpyM Teflepb, KaK H3MCHHTCA peaKIWLMA CHCTeMBI MpH 
Ckauke CKOpOCTH, KOra Aid yMeHbUIeHHA KOSpuuMeHTa OWMOKH 
MO CKOPOCTH'B CHCTeMY BBOJMTCA HMHTerpupyloulad wWenb. Pac- 
CMOTpmMM cuCcTemy VI THNa, KOTOpad HMeeT KOSMDHUMEHT OLIMOKH 
NO CKOpOCTH, paBHbii nyo. Ee peakuiiad Ha eC MHMUHbIA 
CKa4OK CKOpOCTH mpuBeqeHa Ha dur. 7, 2. Cwnauasa 
owHOKa BO3pacTaeT MOUTH TAK Ke, KaK Mad Cucrembi | TuMNAa, 
Kak 6yATO Obl NpHOawKaach K KOHeCYHOMYy 3Ha4eHHWO 1/w,, HO 
gateM Oaaroflapax WHTerpHpylouleMy MeHcTBuIO MIpH HM3KHX 
uacTOTaX 3HaueHHe OWMOKH CBOAMTCA K HYyJO. OHaKkO HHTe- 
rpupyloulad Web He MaeT 3a4MeTHOTO H3MCHEHHA MAKCHMaJIbHOrO 
sHayeHHn OWHOKH. Jina mOObIX CHCT€M MA@KCHM4@IbHOe 3Ha4eHHe 
OWHOKH pM eAHHHYHOM CKauKe CKOPOCTH ABIACTCA B 
OCHOBHOM QyHKuMeh WApHHbI MOOChl MpOmycKaHHA HM paBHO 
npHOamKeHHO |/w,,. YeenwunBad B CHCTeMe aBTOMaTHYeCKOrO 
peryMpoBaHua yCHleHHe MpH HH3KHX YaCTOTaX, MOXKHO yMeHb- 
WHTb OWHOKY Mocne Toro, KaK OHA NePpBOHaabHO BOSHHK.A, 
HO, 4TOOL! COXpaHHTb OWIMOKY MaJIOH, C Camoro Hayadla HeOOxo- 
AMMO YBeAWM4MBaTb WHPHHY MOMOChI MpOnycKaHHa. 

Cuctema |V THNMa HMeeT HHTerpupytollylo Web, KOTOpaA 
He OG6ecneunBaeT HyAeBOrO KOSPPuuveHTa OWWMOKH MO CKOpocTH, 











11 3ax. 2356, 
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HO TeM He MeHee 3TOT KOIPPHUMEHT yMeHbiilaeTcA Oaromapa 
HaIM4MI0 MHOKMTeIA, paBHyoro 5, Jo BeaMuMHb! 1/d0,. Ha 
cur. 6, 2 MOKa3aHa KpWBaAd UW3MeHeHHA OWHOKM CHCTeMbI Mp 
€MMHHYHOM CKauKe CKOpOcTH Ha BxOZe. MakcuMaabHad OWlMOKa 
O1u3ka K BemMyMHe 1/H,,, KOTOPah HECKOMbKO OovbuUle, eM 
1/w,, MOCKOJbKy aA cucTeMbl V THMa Weg MCHbIe, YEM We. 
Vuterpupyioulad Wwenb MOHWKaeT 3Ha4YeHHe YCTaHOBUBUeHCA 
omM6KH OT 1/H,, AO sHaueHHA 1/dw,. CpaBHeHHe 9TOM Xapak- 
TeEPHCTHKH C TaKOH Ke XapakTepHcTHKOH cucTemb! VI TuNa 
Ha dur. 7, 2 MOKa3blBaeT, 4YTO peaKUHA Ha CKaYOK CKOPOCTH 
cucTembl V Tuma, OOanaioulad K TOMY Ke OTAHMYHBIM OT HyJIA 
KOHCUHBIM 3HaYeHHeEM OWMOKH, HMeeT Topa3syzo Oorbuiee BpemMA 
ycTaHossenua. TipwunHa 9TOrO COCTONT B TOM, YTO AIA CHCTEMBI 
V THMa BepXHAA CONpsraiwlulad yacTOTa HWHTerpupylouleH Lenny, 
pasHaa 0,103,, BOBOe MeHbUIe COOTBETCTBYIWOLUeh comps- 
raioujeh uacToTH! cuctemMb! VI Tuna, paBHoH w,/3. Bepxuaa co- 
npsarawulad YacTOTa HWHTerpupyroulehH Wenn onpenesseT Obl- 
CTpoTy HHTerpupytollero WeHcTBHA H, CeCAOBaATeAbHO, BDPeMA 
YCTaHOBJICHHA PeaKWHH Ha CKa4YOK CKOPOCTH. 

Cuctema VII Tuna, kak u cuctema VI Tuma, uMeeT HyeBOh 
KOIPPUWHEHT OLIHOKH MO CKOPOCTH, OJHAKO OHA B 3HAUHTeAbHOM 
MHTepBaJie HH3KHX UaCTOT BedeT CeOA Kak HHTerpupyloulee 3BeHO 
TpeTberoO NOpAAKa, 4TO OOYCAOBAMBAeT OTHOCHTebHO Mas0e 
sHayeHue KOS pullnenTa OWMOKH MO ycKopeHnio c,. Ha our. 8, 2 


NpHBeleHa KPHBaA H3MCHeEHHA OWMOKH NMpH eCAMHMYHOM CKauKe 
CKOPOCTH AJIn 9TOM CHcTemMbI. HecmoTpa Ha TO, 4YTO OWHOKA 
B KOHEYHOM Cu4eTe OCTHraeT HYyJA, HatMunMe y yYacTOTHOK 
XapaKTepHCTHKH yuacTKa C HakKAOHOM —380 0202/deKada obyc.0- 
BIMBaeT MOABEHHeE AAMHHOFO Nosororo yyacTKa KpHBO MpH 
OTPHUATebHbIX 3HaYeHHAX OWMOKH, YTO YBeAHYHBaeT BDeMA 
yCT4HOBJICHHA. 

Kpupble H3MecHeHHa OWHMOKH MpH ckKauKe CKOpocTH Aaa 
cuctem IIf u IV tunop nokasanbl Ha cur. 4,2 nu 5, 2. Kpnsaa 
aia cuctTembl II] Tuna oueHb cxoqHa c TakOM 2xe KpHBOM AVA 
cucTeMb! | THMa, a KpMBad HW3MeHeHHA OWMOKM BAA CHCTeMbI 
[V THuMa HMeeT OTUETAMBO BLIPAXKeCHHBIA KOTeOaTebHBIA XapakTep, 
TaK KaK CHCTeMa OOaaeT LEMNGupOBaHHeM HWKe KPHTHYECKOLO. 
Apyroe TOMKOBaHHe XapakTepa peaKUMM Ha CKa4YOK CKOpOCTH 
wid cHcTemMbl IV Tuma cOcTOMT B TOM, U4TO ee MAKCMMaJbHad 
ouuOKa MOuTH paBHa 1/w,,, B TO BpeMA KaK e€ KOHeCYHOe 3Ha- 


ueHHe paBHo 1/w,. TlockoabKy aaa cuctempl IV Tuna Weg MEHbILE, 
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a a 
YeM ,, OWHOKA DOMKHA NepexoUTh 3a BenHuMHy 1/w, no 
AOCTHKeHHA YCTAHOBHBWeroca 3HayeHHA. 

KpuBad H8MeHeHHA OWWHOKH CHcTeMbI II TuNa NpH e.HHH4HOM 
CKauKe CKOPOCTH MOKa3aHa Ha ur. 3, 1. Jlm6onbitHaa oco- 
OeHHOCTh STOH XapaKTeEPHCTHKH COCTOHT B TOM, 4TO Ko9pau- 
HET OWIHOKH MO CKOpOCTH C, MeHbllle, YeM AA CHCTeMbI I TuMA, 


HECMOTPA Ha HH38KOe yCHJeHHe, KOTOPOe uMeeT CHCTema II Tuna 
Mp HM3KHX YaCTOTAax. XapakTePUCTHKH APyrHx CHCTeM, HaO6opor, 
NOKa3bIBalOT, | 4YTO pH OOMbWIeM YCHJeHHH HA HH3KMX Y4aCTOTAaXx 
KOSuUNeHT) OMIHOKH MO CKOPOCTH MeHbINe. O6baCHeHHe STOO 
NapawoOkca COCTOWT B TOM, YTO KPHBad H3MeCHeEHHA OWIHOKH NMpH 
CKauke CKOPOCTH AA CuCcTeMBI II THMa COCTOHT M3 AByX yYacTel: 
SKCNOHEHUMALHO BOSpacTalollefl KOMMOHEHTEI H yCTaHOBHBluehca 
COCTABJAIOWULEH NMOSHILMOHHOM OWMOKH, H3MeHAIOWIeHCA NO ANHeH- 
HOMy 3aKOHy. ITlockoupKy cucrema [I Tuma uMmeeT ycraHo- 
BUBILYIOCA OWWHOKY, MPONOPUMOHAJbHY10 BEAMYHHE BXOMa, peakuua 
Ha CKa4OK CKOPOCTH JOJKHa HMETb YCTAHOBMBLUYIOCA CocTa- 
BAMOIWYIO, PABHY1O KOSPpHUKeEHTY OWMOKH NO NOAOKeHHIO ous 


YMHOXKCHHOMY| Ha BeJIMYMHY CKauKa CKOPOCTH Ha Bxoge. Koraa 
NOSHUMOHHAA |COCTABJIAIOULad OLWHOKH MpHOaBaAeTCA K 9KCNOHEH- 
UMatbHOK cocTaBjalouleh owHOKH MO CKOpOCTH, TO mouwHas 
OWHOKa Mp Ckauke CKOpOCcTH Ha BxONe GyneT BCerga Goabuie, 
4ueM AAA CHcTemMbl | THMa, HECMOTPA HA TO, YTO AIA CHCTeMbI 
I] Tuna KoodpiuuveHT owMOKM MO CKOpOCTH MeHbite. 

*KelaTeAbHO TakxKe HCCELOBaTb BLIXOMHYO peakUHIO CHCTeMbI 
Ad CKauKa CKOPOCTH Ha Bxoge. Ha cur. 10 noka3ann BHIXOJHbIE 
peakuuu cuctem I wv VI Tunos Ha ,aB0MHOM* cKa4OK CKOpOCcTH, 
T. €. HAKAOHHBIM OTPe30K, HayMHaloululica npH w,f —O0 u nepe- 
XONMWHA B NOPH3sOHTaAbHyl0 NMpaMylO npH w,f = 8. Peaxuna 
Ha BbIXOMe CHCTeMbI I THNa MMeeT NO CylUeCTBY TaKyl0 Ke opmy, 
TO KW BXOA, TOAbKO yrabl OKPyIFIAIOTCA M OHA 3aNa3ibBaeT Ha 
Bpema I/w,. [laa cucrembi. VI THMa HMeeTCA HadanbHoe BpeMa 
3ana3QbiBaHHA, MOUTH paBHOe |/w,, HO 3aTeM OmaromapsA acta- 
TH3My 3aMa3AbiBaHHe CBOUMTCA K Hyvi0. ACTaTH3M CHCTeMBI 
OOYCOBIMBaeT CHTHa, AOCTaTOWHO OoAbWOH, TOOL! KOMMeH- 
CHPOBaTb yCTaHOBMBLIYIOcA OWMOKY NO cKOpocTH, H, C1eq0Ba- 
TCbHO, B KOHMWE HAKJOHHOTO OTpe3Ka BbIXODHAA PeaKILHA ODKHA 
MMC€Tb MepeperyMpoBaHHe H 3aTeM MOCTeNeHHO mpHOaMKaTEca 
K YCT@HOBHBWeMYCA 3Ha4eHHO. 

iin CkauKa CKOpOCTH Ha BXOe MIHOBeHHOe 3Ha4yeHHe 
HHT€pBalla BPeMeHH, Ha KOTOPOe BHXOMHAA peakuMaA 3ama3- 


11* 
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bIBaeT OTHOCHTCAbIIO BXONa, PaBHO MYPHOBeEHHOMY 3Ha4eHHio 
OINMOKH pH eAMHHYHOM ckauKe cKopocTH. Hanpumep, mpH 
MpHAOKeHMH Ha Bxoe cucTempt VI THMa eAMHMYHOTO CKauKa 
CKOPOCTH MaKCHMabilad OWHOKa paBHa 0,85/m, u, Kak MoKa- 
3aHo Ha dur. 10, MakCMMabHOe BDeMA 3aNa3QbIBaHHA BbIXOL- 
Hof peaKWHH Ha CKayOK cKOpocTH TakxKe paBHo 0,80/w,. 


Nepepecynuposanue 
- 


— a a me 






Sadepxcna 1/ toe 


0 5 iW wt 
Pur. 10. Peaxina cuctem I wu VI THMoB Ha CKa4OK CKOPOCTH. 
Jina jloKazaTespcTBa 3THX OOMWMX COOTHOIMeHHH = pacCMOTpHM 
BXOL C TocTrosHHol cKkopoctTbio V 
x, (f) =VE (21) 


H MCCAeyCM BLIXOAHYIO peakUHiO, KOTOPylO MO2%KHO BEIPasHTb 
CAC AyIOULIM OOpasom: 
xy (t) = x4 (2) — X(t) = VE — x (8). (22) 


Biyucaum x,,(f) B Aaniblfi MOMeHT BpeMeHH f, MH OMpeleHM 
MoMenT BpemeHH f,, KOrZa BXOA, 3aqadHE ypaBHenuem (21), 
Gy ier paBeH STOMy 31la4cHHIO x, (£): 


Xy (tg) == Vtyp— Xe (te) = Xi (ti) = Ves (23) 
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Jaa unteppana Bpemeun (f,——f,) Mbl MoAy4uM 
| (yt) = 2. (24) 


Snauenne (f,—4f,) mpeactaBasneT COOOM WHTepBal BpeMCHH, Ha 
KOTOPBIA BEIXOJHOM CHrHal B MOMCHT t, 3ama3ibipaeT OTHOCH- 
TebHO BxOMa. YpaBHeHHe MOKa3bIBaeT, YTO BpeMA 3alla3ibl~ 
BaHMA WAA CKauKa cKopocTH Ha Bxoge (m060H aMMINTYyLbl) 
paBHO OWMOKe MPH CAHHHYHOM CKaKe CKOPOCTH. 

Tlockombky MaKCuMabHad OWMOKa MpH CMHMYHOM CKadKe 
CKOPOCTH MpHOawKeHHO paBHa BpeMeHM HapacTantA Mp CKauKe, 
TO M@KCHM@bHOe BPeMA 3alasibiBaHHA, Ha KOTOPOe PcaKIHA 
Ha CKaYOK CKOPOCTHM OTCTaeT OT BXOda, NMpvOAWKEHHO paBHO 
BPeMeHH HapacTaHHA peakWMH Ha CKaHyOK. B falbuefturem 9TO 
npHOmWKeHHe MOKHO GyeT pactpocTpaHuTb Ha CAyyal Mpous- 
BOJbHOrTO BxOJHOrTO cHrHana. BrxolHan peakKWWA CHCTEMBI 
| THMa Ha MPOHSBOMbHEIA BXOM paBHAeTCA MO CyilecTBy BXOAy, 
CIABMHYTOMY |Ha BpeMA HapacTaHWa Mpu CTYNeHyaTOM Bo3el- 
CTBHH, paBHoe I|/w,, 34 HCKMIOUCHHEM TeX KOMMOHCHT, KOTOpbIe 
BospacTaloT |W yOniBaloT B WHTepBale MeHbUIeM, YeM BDPeMA 
3anagabpipaHHa. Jima acTaTH4ueCKHX CHCTeM BTOpOTO NOPAAKA, 
TaKHX, Kak cucTema VI Tuna, peakKuMA He Takad NpoctTad, Tak 
Kak WHTerpupyloulee aefcTBHe MpHBOLMT K MNOCTOAHHOMY 
HaKOMIeCHHIO, CHTH&AM0B JA KOMMeCHCAWMH YCTAHOBMBINHXCA OWI 
60K, OOyCHOBACHHEIX COCTABAAIONIMMM C MOCTOAHHOM CKOPOCTbIO 
(HHOrda YCKOpeHua), MH MpW 9TOM HMeeT MeCTO MepepecryHpo- 
BaHue BCAKMA pa3, KOra STH KOMIOHCHTHE HCUe3aloT. 3-34 
9Toro WHTerpupyioulero MeficTBHA He MMeeTCAH MOCTOAHHOTO 
gana3QbiBaHHA MexK Ay BXOJOM H_ BbIXOAHOH peakuueh; TeM He 
MeHee BCAKHH pa3, KOra BXO MpeTepleBacT H310M, NOABACTCHA 
gana3iblBahHwe, KOTOpOe NO CYyLWeCTBy paBHO BpeMeHH HapacTa- 
HHA PeaKWHH Ha CKauOK. 

Boo6me 'xapaxtepHetimel yeptol peakuuu mo0O0% CHCTeMb, 
ABAAIOWLCHCA PUAbTPOM HH3KHX YACTOT, ABAACTCA BPEMA 3alla3bI- 
BaHHA, OOpaTHO NPONOPUMOHATbHOe WMPHHe MOAOCHI NPONYCKa- 
HHA. SalasabiBaHve ABIAeTCA HEOTbEMJIeCMbIM CBOHCTBOM HM Mpo- 
ABAAeTCA BCAKHH pas, KOraa BXOA UMeeT peskHe Mepexoibl. 
C apyrof cropoust, MO#KHO BbIOpaTb HU3KOUACTOTHY!O 4aCTb 
NepewaTouHon dyHkuHH Tak, 4TOOB! ApH HaiWdHH CcocTa- 

_ BASIOWWHX MOCTOAHHOH CKOPOCTH H, BO3MOXKHO, NOCTOAHHOTO 
YCKOPeHHA BO BXOAHOM CHIHae MYTeCM H3MCHeHHA cpopMbl peakuHy 
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CHCTEMbI NOAYYHTb MaJble OWHOKM B TeYeHWe HHTepBasOB Bpe- 
MeHM, KOPa 9TH COCTABIAIOWIMe MO CYULeCTBY MOCTOAHHEI. 

Baxkuo 3HaTb orpanuuenus, cBoHcTBeHHbIE MeTOLY yMeHbllle- 
HHA OLWMOKH CHCTeMBI ABTOMATHYeCKOrO peryAMPOBaHua C NOMOUIbIO 
HHTerpupyliolulero sexta Ha Hu3KMX yacToTax. Korna no- 
ABIACTCA COCTABIAIOULAaA MOCTOAHHOH CKOPOCTH BO BxXORHOM 
CHrHale, HWHTeCrPHPylOulad Wenb NOWKHA ,BbDKAaTb“, mMoKa 
NOMBUTCH OWMOKA, Mpexkee 4em HayaTb ee KOPPeKTHPOBaTb; 
nocwe TOroO, Kak 9TA COCTABAAIOULaA HCUe3HeT, LeMb BbIZLIBAeT 
NOABACHHE B PpeaKUMH NepeperyAupoBaHns M MoAOororo yyactka, 
KOTOPbl€ MOABAAIOTCA TakKxKe MPM BXOMHOM CTyMeHYaTOM BO3- 
MeMCTBHH, KaK 9TO BHAHO Ha rpacuKax peakun Ha cxa- 
OK Ma cuctem V, VI uw VII tTumos (cm. pur. 6, 8, 7, 6 
wu 8, 8). 

Takum o6pa30M, 1BOAHOe MHTer pupoBaHue MOKerT CYyLeCTBeH - 
HO YMCHbUIMTb OWMOKY CHCTEMBI pH BXOXHOM CurHaje, HMeIOUIeM 
SHaNMTeIbHBIE CKOPOCTHBI€ COCTABAAIOUIMe, KOTOPHe NOMMEpKU- 
BaloTCA NO CyllleCTBy MNOCTOMHHBIMA B TeyeHHe MHTepBaOB 
BPeMCHH, HaMHOTO MpeBbIWalOllMX BPeMA yCTAHOBJeHHA peakLLUH 
Ha CKA2YOK CKOPOCTH; HO CCIM CKOPOCTb He ABIMeTCA NOCTOSHHOH, 
ABORHOE HHTeTpHpOBaHMe MOMKET Make yBerMUNTE pe3yIbTH- 
pytoulyo oumOKy. Kpome Toro, B HeKOTOpBIX cayuaax, Koraa 
CHCTEMAa CENHT 34 MpOrpaMMHbIM BXOJOM, ObIBAeT HEOOXONUMO, 
UTOOL! POpMa BLIXOLHOM KpuBO Oblaa nono6Ha (opMe BxOd- 
HOrO CHrHasa XOTA Obl H.C 3aMa3AbIBAHHeM BHIXONAa OTHO- 
CHT€IbHO BxONa. [lockombKy aBOHHOe wMHTerpHpoBaHue 
YMCHbINaeT YCT@HOBMBIyIOCA oOWMOKY 34 CYeT wNCKaxKeHNA 
BbIXOTHOH KPHBOH, TO OHO HeKe/IaTeAbHO TaM, Fe MO?KHO 
ONYCTUTb 3aa3sbiBaHHe BO BpeMeHH. 


Peakyun Ha cKaioK ycKopenua 


Peakiluf Ha CKaYOK yCKOpeHua sBaAReTCA BaxKHOH HHaMu- 
YeECKOH XapakTepHcTHKOH cuctem V, VI u VII tunos, o6manaw- 
ULMX aCTaTH3MOM H, CJI€XOBATeJbHO, MaJIBIMA yYCTAHOBMBIUMMHCA 
OWHOKaMH MO CKopocTH. OgHako aaa Apyrux cucTeM yCTaHo- 
BUBUIMe€CA OUMOKH MO CKOPOCTH TaK BeAWKH NO cpaBHeHHio 
C COCTA4BAMIOWIMMH OWMOKH MO yCKOpeHHw, TO HeT cMBICNa 
NPHHUMaTb BO BHUMaHWe PeaKlMIO Ha CKa4OK ycKopeuna. 

Haa cuctempt | Tuna cnaowHof Kpusot ua cur. 3, J noxa- 
3aHO H3MeCHeHHe OWMOKH MO yCKOpeHHIO NPM eMHHYHOM CKayKe 
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yckopenua. HenpHBn4yHo, YTO 9Ta COCTABAAOWAd OWMOKH OTDH- 
WaTebHa (HanpaBieHa B OOpaTHOM HallpaBJeHHH MO OTHOLIECHHIO 
KO BXOLy) H'20 MOMeHTa BpeMeHH wf == 1 ona FO amNnaUTye 
6onbuie BXOMHOrO cHrHana. C apyro CTOpOHH, Korda yCKo- 
peHue mpetTepmepaeT CKaYOK, CKOPOCTb, a TaKxKe M YCTAaHO- 
BHBWAACA COCTAaBAAIOULaA OWIMOKH JO/JDKHbI BOSPaCcTaTb NO AMHeH- 
HOMy 3akoHy} npwyeM owHOKa paBHa CKOPOCTH, y MHO2K CHHOM 
Ha KOSdDuuMeHT OWMOKH 110 


‘CKOpOCTH ¢).| OTa MOAOKUTEAb- Ouubna no 


cKopocmu 
c,t 












Had COCTaBAMIOWad OWWHOKH 10 
cKopocTH Asia yoOcTBa cpaB- 
HeHHa oTIOKeHa Ha dur. 3, LL 
B OTPHWaTebHOM HampaBJeHHu 
Hw O6O3HaueHa Kak , OTPHWLATeJIb- 
Had cKopocTHaa owMOKa‘. Hs 
KPHBOH BHLHO, YTO COCTABAAIO~ 
Ulad OWWHOKH MO CKOPOCTH BCeraa © 
Gombe MO aMNAWTyMe, eM CO- 
cTaBamioulad OWHOKH MO yCKO- q 
peHui0. STO MoKasblBaeT, TO 
owHOKa MO YCKOpeHHtO He HMeeT 
60mbWOrO 3HaueHHA. 

Ha ur. 11,@ moxkasano, 
KaK COcTaBAgIOWlad OWMOKA M0 
yckopenuio cuctemb | THNa Ha ¢ 
CNHHHYHHA |CKayOK YyCKOpeHHa 01235 465 6 7w,t 
BLIYHTaeTCA -H3 BOspaCcTalOlieH ica qi BanaenereGunenanie: 
MO JMHeEAHOMy 3aKOHy COCTAB- ax GE TIO ycKOpeHMO AN 
asjouleH# ouwHOKH m0 CKOpo- cuctemHl | Tuma. 

CTH. Kpusaa pesyIbTHpyomeh @ —ouu6Ka CHCTeMBI NH CKauKe ycKo- 
OWIMOKH sBaeTcA NouTH TaKoft PHM: OF ONO eps 
Ke, KaK JAA OUWIMOKH NO CKO- | 

pOCTH, HO ‘OHA 3aMa3MbIBaeT OTHOCHTEAbHO Hee Ha BpemMaA 
c,/cj, papHoe I/w,. Ha dur. 11, 6 noxasana peakuua Ha 







SadepHena 
C,/C,71/W, 


flonvasa owubKa 


Quiubna na ycnopenuso 
Ot 2454 5 6 Fupt 


Bpema vapacmanus 1/W, 





CKayOK CKOpOCTH, H3 KOTOPpOH BHAHO, UTO BpeMA 3alla3- 
RbIBAHHA «6COCTaBAsIOWeH «=©0omlMOKH NO cKOpocTH, oOycu0- 
BAeHHOe OWHOKOM MO yCKOpeHHIO, paBHO BpeMeHH HapacTaHuA 
KPHBOM OWWMOKH Mp CKauKe CkopocTu. Takum oOpasom, CocTa- 
BAAIOWLAA OWIMOKH MO CKOPOCTH 3aMa3AbIBaeT Ha BPeMA, PaBHOe 
BpeMeHH HapacTaHya OWHOKH MpH CKa4uKe CKOPOCTH TaKHM 2K 
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OOpa30M, KaK HM CaMa peaKUHA MpH CKauKe CKOPOCTH 3ana3AH- 
BaeT Ha BPeMA, PaBHOe BPeMeHH HapacTaHHA peaKWHH Ha CTy- 
NeHvaTOe BO3sTehcTBHe. 

O6oOulad STOT pesybTaT, MOXKHO yTBepKaTb, 4TO BAUA- 
HH€ COCTaBAAIOULeH OWNKEKH MO yCKOpeHHio Mp MpousBObHOM 
BXOM€ B CHCTEME€ C MOHOTOHHBIM H3MeHeHHeM oOWMOKH npH 
cKauke CKOpCcTH (ci¢a OTHOCATCA cucTembB! I, II u HI Tunos) 
CBONMHTCA NO CyllecTBy K 3aNepxKKe CKOPOCTHOM cocTaB.AIO- 
ue owMOKH Ha BpeMA, Ppa4BHOe BpeMeHH HapacTanua OWNOKH 
hp CKauke CKOpocTH. TakuM O6pa30M, cocTaBasolulad OWHOKH 
NO yCKopenMlO IA STHX CHCTeM, a (bakTHYeCKH Jaa BCeX 
CHCT€M C aCTaTH3MOM TepBOTO MOpsAaKa, He MOMKHA paccma- 
TPUBaTbCA KaK OCHOBH&s COCTABAAICUaA OWHOKY, a JWIUb Kak 
NONpaBKa K CKOPOCTHOM cocTaBAnioMleh owMOKH. Ecan npu 
BBIMHCACHHAX MpeHeOperawT cocTaBasiouleh MO ycKOpeHHW, TO 
MpH STOM HE JOJDKHO 3a4MCTHO H3MCHATDCA MAKCHMAbHOe 
SHaYeHHe OWMOKH, a CIBUraeTCA JMUb MOMeHT BpeMeHH, py 
KCTOPOM OHO HM€eT MECTO. 

PeakuuH Ha cka4yoK ycKopeHua cucrem II u III tunos 
ABAAIOTCH MO CYLeCTBY TaKHMHM Ke, KaK HW aa cucTemp [ TuNAa: 
HECKOJbKO OTJMUaeTCA TOJbKO peaKWHA Aa cuctrempl IV runa 
C ReMM@HPOBaHweM, MeCHbUIMM KpuTHMYecKoro. OmHaKo cocTaB- 
‘aolulad OWMOKH MO yCKOpeHwiO sBJIseTCA COBCeM Maio nO 
CPaBHEHHIO C yCTaHOBMBIUeicA CKOpOCTHOM cocTaBamioMlel (3a 
HCKHOUCHHEM KOPOTKHX HHTEPEa/IOB BPeMCHH) H, CeOBaTeAbHO, 
HMCeT MaJloe 3HaveHHe. M3-3a Manoro nemMMduposanna jas 
cuctembl IV Tuna OUeHHTb ee peakunio Gouee TPpYQHO, 4eM 
B Apyrux cayyanx. Beaku pas, Kora mpaaaraetca Boamyule- 
HHe, cucTema IV Tuna uMeeT TeHAeHUMIO KOAeOaTEcA. OnnaKo, 
eCiM CHCTEMa XOPOWIO 3aemMNdupoBana, 9TH KONebaHUua c1a60 
BAMAIOT Ha PeaKUMlO, XOTA H OFpaHHuNMBalOT TOUHOCTb, ROCTH- 
raeMyl0 Np rpyObix npv6amKennax. 

CoctaBisiouad owH6Ku m0 yYCKOpeHHIO MMeeT Ma0e 3Ha- 
NeHHe AA ECTaTHYeCKHX CHCTeM NepBoro nmopsaKa. OgnaKo 
Kora Aid MOCTWKEHHA MAJIOrO 3HayeHuA KOSDULMeHTa OWWHOKH 
NO CKOPOCTH B 3HAUMTCbHOM MHTepBase 4acTOT HWKe 4aCTOTEI 
Cpesa HCNOMb3yeTCH HHTerpupOBaHHe BTOpOrO MOpAAKa, TO 
YCTaHOBMBIIMeCA CKOPCCTHbIe OMIMOKH HaCTOJbKO yMeHbUIAaIOTCA, 
4TO NO CpaBHeHHiO C HMMM OWMOKH MO yCKOpeHWIO CTaHOBATCA 
SHAYMTEbHBIMM. CuenoBpaTebHo, aia cuctem V, VI u VIL THnoB 
Peakuin Ha CKaYOK YCKOPeHMA OveHb CyUeCTBeHHa, 
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ee 





Kpupaa 3MeHeHHa oWwMOKH aaa cucTemp! VI Tuna npH enu- 
HH4HOM CKavKe yCKOpeHHA Nokasana Ha chur. 7, O. Ona MOHO- 
TOHHO BO3pacTaeT 0 KOHeEYHOTO 3HayeHHA, PaBHOrO Koshdu- 
WHeHTY OWIHOKH MO YCKOpeHHiO, H KpHBas, BAOMb KOTOPOK OHA 
BO3pacTaeT, HMeeT MO CyllecTBy Ty xe opmy, 4TO HW NoOWO- 
ruA yuacTOK peaKUMH Ha CKayOK CKopocTu Ha dur. 7, 2. Tlo- 
CKOAbKY KOBMuUKeEHT OWHOKH NO CKOpOCTH Aaa cucTtemb VI 
THMa pPaBeH| Hy0, TO B peaKIMH Ha CKa4YOK yCKOpeHHaA OTCYT- 
CTBYIOT COCTaB/MOlMe OWHOKA MO CKOpOCcTH. 

Peakuwa cuctemp! V Tuma Ha CKayOK yCKOpeHua, NpuBelen- 
Han Ha dur. 6, 0, HMeeT COCTaBaAMIOWLy!IO OWNMOKH NO CKOpocTH, 
H3MCHAIOLUYIOCA AMHEHHO, HW COCTAB/AIOULYIO OWWHOKH NO ycKope- 
HHO. Onnako COcTaBAAIOUaA OWIMOKH MO CKOpOCcTH maja no 
CpaBHeHHlO C OWHOKOH NO ycKopeHiio Ha JOCTATOYHO GOMbUIOM 
4HTepBalle BPeMeHH. OTO yKa3sbiBaeT Ha TO, 4TO AAA CHCTEMBI 
V THMa MpH MpOv3BOAbHOM BXOMEe COCTABAAIOLAA OWNMOKH MO 
yYCKOPeHHW |MOXKeT ObITh 34MeTHOH. 

Peakuua cuctemp! VII Tuna Ha cKayoK yckopeHus, mpuBe- 
meHHad Ha (pur. 8, O uM e, MOKasbipaeT, KaK BBeeHMe HHTer- 
PHPpOBaHHA TpeTbero NMOpaaKa oOGecneynBaeT MaAH Koaddu- 
WUHeHT OWHOKH MO ycKopeHHio. Ouwnm6ka no BeaMyMHe noUTH 
MOCTHraeT 3HaYeHHA KOIuLneHTAa OWNOKH MO ycKOpeHHi, 
KOTOPbIM HMCIOT CHCTeMbI O€3 HHTerpHPOBAaHNA TpeTbero NopslKa, 
HO 3aTeM Ovaromaps MHTerpupyioulemy selcTBHIO OHA Med- 
ACHHO YMCHbIUWaeTCA 10 KOHEYHOFO 3HaYeHHA, PaBHOFO AeHCTBUTEIb- 


HOMy Koosdduuventy own6Ku mo ycKopenuio C5. Bpema ycTa- 
HOBICHHA N€pexXOAHOrO Mpouecca sABaReTcaA cbyHkuMeH BepxHeh 
cOMpAraiwluenh wacTOTbl yuaCTKa XapaKTepHCTHKH C TDPOMHBIM 
HaKAOHOM (0,103 Ha dur. 2), KoTopaa maa O6ecneyeHua OcTAa- 
TOYHOR YCTOMYMBOCTH 2OKHAa ObITb B3HAYMTEIbHO MECHbIUe 4a- 
CTOTbI cpesa. CyenoBaTesbHO, BpeMA MepeXomHOrO mMpotiecca 
Aid CHCTEMbI C yuaCTKOM HHTerpHpOBaHHA TpeTbero NMOpaAAKa 
MpH CKaukKe| yCKOpeHHA OJDKHO OBITb HaMHOTO G6OubUIe, “eM 
BPpe€MA HapacTaHHA peaKUMH Ha CTyNeHyaTOoe Bo3steficTBue. 
B jeHicTButembHOCTH 3TO BpeMaA MmpW CKayke yCKOpeHHsA AA 
cuctembt Vil Tuna Tak BeAHKO, ¥TO AAA TOTO, YTOOB! NOKAasaTb 
XapakTep MpoTekaHuA Mpollecca, rpaduk NpHU0Ccb NepecTpounTh 
B MCHbUJeM!MacuiTa6e BDeMeHH. 

O6nluHO B CHCTeMaxX aBTOMaTHYeCKOrO peryHpOBaHHA BBe- 
MeHWe yuacTKa HHTeErPUpPOBaHHA TpeTbero NOpAAKa MAO UCNONb- 
BYETCA AIA) YMCHbUICHHA YCTAHOBHBUIHXCA OWHOOK. Ecau aaxe 





» 
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MH MOXKHO YMEHbIUNTh KOSPuUMeHT OWNMOKH MO ycKOpeHHio 6e3 
YBeMYeHHA WHPHHb! MOJIOChI MpOMyCKaHHA, TO 9TO MaCT YMeHb- 
WweHHe OWHOKH TOJbKO JA COCTABAAIOULAX MO yCKOpeHHi, 
COXPaHAeMBIX B TeYeHHe 3HaYHTebHO OO/NbIWero BpeMeHH NO 
CpaBHeHHIO C BPeMeHeM HapacTaHHA peak Ha cKayOK. VM ecau 
CKOPOCTHBI€ COCTABIAIOUIHe BXONa CHCTeMbI aBTOMaTHYeCKOrO 
pery/IMpOBaHHA 4YaCTO OCTAIOTCH MOCTOAHHBIMH B TeYeHHe Bpe- 
MeHH, 3HAYMTebHO OOmbWero, YeEM BpeMA HapacTaHHA peakuMu 
Ha CKa4OK, TO OO/buIad COCTABIAIOULaA MOCTOAHHOTO yCKOpeHHA 
B TeyeHHe AAMTeIbHOTO NMepwHoOda BCTpeyaeTCA OYeHb PpeKO. 
Ecau CHCTeMa aBTOMaTHUeCKOLO peryHpOBaHHA WM MMeeT XapaK- 
TePHCTHKM C yuaCTKOM HHTerpupoBaHHA TpeTbero NOpAAKA, TO 
OOLIYHO TaKOM yuaCTOK BBOAMTCA He Ja yMeHbuleHHA KO9du- 
WwueHTa OWMOKH no ycKopeHuio. Muyorga, HampumMep, XapakTe- 
DUCTHKa C y4aCTKOM HHTerpupOBaHHA TpeTberO NOPAAKAa BCTpe- 
yaeTCAH MOTOMY, UTO B CHCTeMy JAA yBeAMYeHHA ee *KECTKOCTH 
MpH MpeOoeHHW MOMCHTA Harpy3KH NOGaBAReTCA WHTerpupylo- 
iad Wenlb. 

BaxkKHbIM HeMOCTAaTKOM TaKOrO pOa CHCTEM ABJAETCA TO, 
4uTO y HAX K KpHBOM M3MeCHeHHA OLUMOKH Mpa CKauKe CKOPOCTH 
noOaBaeTca NOAOTHA OTPHWATe/IbHBIA yuacTOK, KaK 3TO MOKa- 
3aHo Ha ur. 8, 2, KOTOpbIM CHAbHO 3aTATMBaeT BpeMA yCTa- 
HOBMeHHA peaKUMH Ha CKayOK cKOpocTH. BcaeazcTBue sToro 
BBEeHHe MHTETPHPOBaHHA TpeTbero NOpAAKA 4YaCTO MPHBOANT 
K YBeMYeHHIO HA3KOUACTOTHBIX OWIHOOK. 


Peakyua na cKa4uoK mpembed npou3zsodnok 


Jina actaTwyecKux CHCTeM NepBoro NOpAAKa peakKUHH Ha 
CKauKH TPeTbHX MPOW3BONHEIX 3HaYeCHHA HE HMEIOT H, C1eOBa- 
TeIbHO, paccMaTpuBaTbCA He OyaAyT. PeakuwH cucTem Cc yuacT- 
KOM HHTerpupoBaHua BTOpOrO nopagka (cuctembl V u VI TuMOB) 
Ha CKauOK TpeTbef MpoOn3sBONHOM moKasaHbl Ha dur. 6, e u 
7, e. U3 KPHBEIX BUDHO, YTO COCTABAAIOUMMe OWMOKH NO TpeTbeH 
II POW3BOAHOK MaJIbI 10 CpaBHEHHIO C YCTaHOBMBLUHMHCA COCTaBARIO- 
LIMMH OWHOKH MO YCKOpeHHIO, H3MCHAIOULMMHCA NO JIMHeHHOMY 34~ 
KOHY, 34 HCK/OYCHHEM KOPOTKHX IMpOMeXYTKOB BPeMeCHH, H, Ce RO- 
BaTeJIbHO, OWIHOKA NO TpeTbeH NPOHSBOAHOK DOMKHa paccMaTpH- 
BaTbCA JIMUb KaK Nonpapka K owHOKe NO ycKopeHuw. Ha 
pur. 12, @ noKasaHo, Kak COCTaBAAOUlaA OMNHOKH MO TpeTbeH 
npovsBOAHOH Aaa peakumu cucTembl VI] THMa Ha CKayOK TpeTbeh 
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NPOHSBOAHOM BbIYHTaeTCA M3 COCTaBaAMOWMeH OWHOKU NO ycKo- 
penmio. PeayabTupyioulan own6Ka paBHa no cyulecTBy owu6Ke 
MO yCKOpeHMlo, sanasipipalouleA Ha MHTepBan BpeMeHH c./ci, 
paBHLia 2,6/o,. STO BpemA 3anasquBanua npHOmMKeHHO paBHO 
BpeMeHH HapacTaHWA KpHBOA M3MeHeHHA OWMOKM pH CKayuKe 
YCKOpeHHA, | MIpHBeteHHOoM Ha qbur. 12, 6, paBHOMy B cBOW 














Quiubna no 

CHOPEHUID 
J oe NonHas 
. OWUOKQ 


O123 495678 9 Wu,t 
a 
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Pur. 12. Bauanue coctaBasiouelt Oulu6KH 
MO TpeTbeH MpoOH3BOAHOH AAA CHCTeMBI 
I Tuma. 


@—own6ka CuCTeMH Np CKAauKe TpeTDeA mpoHs- 
BOAHOA; 6 — oun6OKa CHCTeEMB NPA CKauKe ycKopeHna. 





ovepenb 2,9/w,. TakuM o6pa30M, A/a CHCTeM Cc yu4acTKOM 
QBOMHOrO MHTerpHPOBaHHA CYLeECTBeHHOe BAMAHHe COCTAaBAAlO- 
uch OWIMOKH MO TpeTbeH MpOM3BONHOM CBONUNTCA K 34a NepxKKe 
COCTaBIAMIOWIGH OWMOKH NO yCKOpeHHiO; BpeMA 3TOrO 3ama3zAH- 
BaHWA MPHOAWKEHHO paBHO BPeMeHH HapaCcTaHha KpHBOM OWMOKH 
Np CKauke yCKopeHua. 

Peakuua |cucTembt V TuMa Ha CKayOK TpeTbelt NIPOH3BOAHOH, 
NPHBeACHHaR| Ha Gur. 6, @, MOKASbIBAeT TOAbKO WBe H3 TPex 
cocTaBaaiouHx. KpomMe MmOcTpoeHHBIX rpaduKos nepexoHoh 
COCTaBAAIOWULEH MO TpeTbeH MpPOMSBOAHOM HM AHHeEMHO BOspacTal- 
ule cocTaBaaioujeh no YCKOpeHHO, peakKUNA COME PKAT TakoKe 
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mapaOoaHyeckyl0 COCTABJAIOLY!0 OWIMOKH MO CKOPOCTH, paBHyl0 
KOSMUMeEHTY OLHOKH MO CKOPOCTH, YMHOKCHHOMY Ha pe3yib- 
THPyIOWlylo MapaGomy CKOpocTH. 

B cnyyae cuctempl VII tuna HaqMune yuacTKa C MHTerpu- 
poBaHuem TpeTbero MopAAKa nonwKaeT KOS puuNeHT OWMOKH 
MO YCKOpeHMiO HACTOJbKO, YTO MpulaeT BHayHTebHEIM Bec 
peakilMu Ha CKayOK TpeTbeHh MpoOwsBOAHOH. Ota peakius 
(pur. 8, 9€) COCTOMT 43 AByX “acTelt: MepexOAHOM COCTaBAAIO- 
wel moO TpeTbell MpousBORHOK HM JWHeMHO § BospacTaiouiel 
cocTaBsioluleh OWHMOKH MO yCKOpeHHW. 

Tlepexomuad cCOCTaBaIOULad BO3paCcTacT ONCHb MeJLJICHHO, 
Mo cyllecTBy C TaKHM %Ke BPeMeHeM YCTAHOBJeHHA, Kak HU 
y Mosororo yyacTka peaKMH Ha CKayOK ycKopenna (pur. 8, @). 


CKaiox uemsepmod npou3zso0nok 


Cuctema VII Tuna aBaAdeTCH CAHHCTBEHHOH CHCTeMOH, ad 
KOTOPOM HMCeT SHaveHHe PeaKIlMA Ha CKa4OK YeTBepTOM Mpons- 
BOJHOH, HW Wake B 9TOM Cyuae OHA He O4CHb CYLLCCTBCHHa. Kpnsas 
U3MeHCHHA OLWHSKH MocTpoeHa Ha ur. 8, 3 W COCTONT M3 Tpex 
yacTeH: MepexoHOH YacTH, AMHeHHO M3MeHAIOWeMCA OMIMOKH 
no TpeTbefl MpousBomHO Hu NapaOosnyecKOH YacTH OIMOKH 
no yckopennio. J]pe yCTaHOBMBUIHeCA COCTAaBAAIOUINe OWHOKH 
NOJOKUTeCAbHLI, HO MOCTPOeHbI B OTPHILaTe/IbHOM HallpaBJienHn. 
Ilaa Bxoma O%ilero BHAA CyULeCTBeHHOe BAMAHHe COCTABIAIOULeH 
OWMOKH NO yYeTBepTOH MpPOH3BOMHOH CBOMUTCA K 3aepKKe 
COcTaBAAIOlleH OWHOKH MO TpeTbeH MpPOH3BOQHOK Ha HHTePBal 
Bpemenu C,/c,, papubl 14/H, 4 MIpMOAWKCHHO COOTBETCTBYIO- 


Ulu BPeMeHH HapacTaHHA peaKIWH Ha CKayOK TpeTbeh Mmpou3- 
BOJHOH. 


Peakuun Ha UMNYABLC 


JLas onpele ACHHA peaKunh CHCTEMb! ABTOMATHYECCKOLO pery- 
JMPOBaHHe Ha BbICOKOYaCTOTHbIe CHTHaIbl Ha BxXOe, TakHe, 
Kak CHPHaJIbl WlyMa, HeOOXORHMO ACCAeOBaTb UMIMYIbCHYl0 
nepexoHy lO XapaKTeCpHCTHKY, a 7110 BOSMOXHOCTH — H peakKihiu 
Ha MepByl0 MpOsBOAHY!O OT MMMyIbca, Ha BTOpPyi0 MpoMsBos- 
Hy}0, Ha TpeTbIO MpOwsBOAHyIO HM T. O. ITO COOTBETCTBYeT 
peaKWHam Ha CKa4uoK HHTerpaJoB OT BXOJla: MMITy AbC COOTBET- 
CTByeT CKauKy MepBoro HHTerpanta, MPpOH3BOLHad OT UMMyjAbCa — 
cKauky BTOporo HHTerpaia MT. 4. Kak Ob110 MOKa3aHO, Hal 
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6O1bWIHK NOPALOK HHTerpHpOBaHHA B MHTEPBalle YaCTOT HIKE 
YaCTOTHE Cpe3a (MAKCHMAJIDHBIM HaKJOH XapaKTepHCTHKH) ONpe- 
qeaset NCO peakuM Ha CKaYKH MpOW3BOAHEIX, KOTOpBIC 
HMelOoT 3HaveHHe. AHaOrMuHO HavOo.bWIMA MOpaAOK WHTerpH- 
POBaHHA B iMHTepBale YaCTOT BbIUe YaCTOTbl cpesa, T. €. 
M@KCHM@JIbHad KPYTH3H@ AMIMJIMTYQHOM XapakTepHCcTHKH Mp 
BLICOKHX YaCTOTAX, YKa3blBaeT, CKOJIbKO peaKWWA Ha CKayKH 
HHTerpaOB| HMCIOT 3HaUeHHE. 

CoraacHo ypaBHeHuio (16), HayaqbHOe 3Ha4ueHHe HMIMyIbCc- 
HOM MepexOQHOH XapakTepHCTHKH CHCTeEM, KOTOpOe Mmpencta- 
BIACTCH KOSMMUUHEHTOM HAYaJIbHbIX SHAYeCHHA Q@,, PaBHO 


a, = SG |gaco’ (25) 


Jina cuctem I u I] TunoB nepexaTounaa cdyHkuna OG acumnto- 
THUCCKH MIpMOMKaeTCA MPH BBICOKMX YaCTOTAX K W,/S H, CuJle- 
MOBATeAbHO, KOS*PUUMEHT HAWaIbHbIX 3HaYeEHHHA Q, PaBeH Wp. 
IlepenaTouHbie dyHKUMH ApyrWX CHCTeM Mp BbICOKAX 4acTO- 
Tax BenyT |ceOa Kak MHTerpupyrojllee 3BeHO BTOpOrO NOpsAAKa 
H, CACROBATeJIbHO, JA HAX KOSMPPHUMEHT Ha4abHOrO 3HaYeHHA 
ad, paBeH Hywo. TakuM oOOpa30M, HMMyJIbCHad MepexodHad 
XapakTepucTuka Aa cuctem | u II THNOB HayMHaeTCA Mp 
3HaYcHHM 0), Kak mWoKasaHo Ha @ur. 3, Au E, Torga Kak 
Ad OpyruX CWCTeM HMMYJbCHad TMepexoMHad XapakTepucTHKa 
GepeT Hayafo B Hye, Kak Moka3aHo Ha cur. 4—8 (6). 
Vmnyabcuble xapakTepHCTHKA BCeX CHCTeM Ha qpur. 9, é 
MOCTPOeCHbI Kak (YyHKUMH OTHOCHTebHOTO BpCMeHH B 3aBHCH- 
MOCTH OT HACTOTHI Cpe3a W,,. ITO CpaBHeHHe MOKasbIBaeT, 
YTO He3aBHCHMO OT HavaJIbHbIX 3Ha4eHHA MMMYJIbCHBIX XapakTe- 
PHCTHK WX |M@KCHM@JIbHble 3HAYCHHA PABHbl MO CYWIECTBY W,y. 
OKCTpeMa/IbHOe 3HadeHHe MMIMyAbCHOM MepexoQHOH xXapakTe- 
PHCTHKH ABAAeTCA KOAMYeECTBEHHOK MepOH BeJM4MHbI BO3MY- 
WLCHHA CHCTeMbI LIyMOM, TaK KaK HMMyJbC MelctByeT Tak Ke, 
Kak H CHrHad WyMa Ha cucTemy. TaKHM OOpas0M, CHCTeMBI 
C OMMHAKOBON ©,, MOXKHO PaCCMATPMBaTb KaK HMCIOUMe OAMHA- 


KOByIO WHPMHy MOOChI MponycKaHMs, AMeA B BADY UX Putb- 
Tpyloulee AeficTBMe Ha CHIrHadbl WlyMa, TaK KaK MMMYAbCHbIe 
XapaKTePMCTHKH BCeX CHCTeEM MOUTH OAMHAKOBE. 

TloHaTHe WHPHHBI MO10CbI MOXKKHO paCCMA4TPHBaTb C AByX 
CTOPOH: CHCTeMa CJIeAyeT 34 YaCTOTHHIMH COCTAB/AIOULUMH, 
NeKalluM B MOAOCe MpONycKaHHA, HU @uIbTpyeT Ooree BEICOKO- 
yacTOTHble | cocTaBamiouwve. BpemMa HapacTaHHaA peakiWlHW Ha 
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CKAYOK ABAACTCA XOPOWHM MOKa3aTeeM CBOHCTB CHCTeMBI 110 
OTHOWECHHIO K HH3KOUACTOTHDIM CHFHa/laM, TaK KaK OHO MOKa- 
SbIBaeT, KaK OBICTPO CHCTeMa CJleayeT 3a HA3KOUACTOTHBIMU 
COCTAB/AIOWHMH BXONa, &@ MAKCHM@/IbHOe 3HaveHHe HMNYAbCHOH 
NepexOHOH XapaKTePHCTHKM ABJACTCA XOPOWIMM NOKa3zaTereM 
CBOHCTB CHCTEMbI MO OTHOWEHHIO K BbICOKOYACTOTHBIM CHTHa- 
NaM, Tak KaK OHO MOKa3biBaeT, KaK CHJbHO BO3MYLILaeTCA 
CHCTEM4 HEKEMATCbHBIM BLICOKOYACTOTHBIM LWYMOM. Uacrota Weg 
TaKMM O6pa30M, BblaepxkuBaeT OG6a HCMbITAHHA Kak KpUTepHit 
AAA UMPHHbI NOOCh! NpoNyckanun. Cuctembl c OMHAaKOBOL Weg 
UMCIOT MPHOAH3HTEAbHO OMHAKOBOe BPeMA HapacTaHua HM NpH- 
MePHO OHO MH TO 2Ke M@KCHMA@JIbHOe 3Ha4eHHe HMIYyJIbCHOH mepe- 
XOMHOH XapaKTEPHCTHKH. 

Bo3MoxKHO, YTO M@KCHMa/ibHOe 3HaueHHe UMN AbCHOH Xapak- 
TePHCTHKH CHCTeMbI OyeT HaMHOTO OoOdbUIe Weg. ITO uMeeT 
MECTO, KOrla YCHeHHe CHCTeMBI O4eHb Caa60 B3aTyxXaeT Nmpu 
WacTOTaX BbIINe ,4, YTO MOKET ObITb BbI3BAaHO HYJIAMH Mepe- 
AaTOuHOK yHKUMK = pasOMKHyTOH CHCTeMbI MpH  BbICOKHX 
uacToTax. Kak mM CAeROBanO O%KNaTb, Takan cucTeMa Bo30y- 
KNAeTCA WYMOM FOpa3s4oO CHIbHee, 4eM CHCTeMa c Tako xe 
YacTOTOH cpe3a H OOMee ObICTPbIM 3aTyXaHHeM MPH BbICOKUX 
YaCTOTaX, HO 34 BXOMHbIM CHrHAaOM OHA He CJIEAHT CKOJbKO- 
HH4Oyab TOUHO. MakcumaabHoe 3Ha¥eHHe UMNyJbCHOH XapakTe- 
PHCTHKM y TaKOH CHCTeMbI OONbUIe, OAHAKO BpeMaA HapacTanua 
peaKUHH Ha CKa4OK He yMeHbLluaeTcna. 


Peakyua Ha npouzsodnyi om umnyacca 


Jaa cuctem Iu Il TunoB peakuna na MNPOH3SBOAHY!O OT 
MMIYJbCa BKMONaeT B CeOA HMMYAbC aMMIMTyAb a,. XoTA 97a 
XapakTepMCTHKa H HM€€T HeEKOTOPOe 3HayeHHe pH onpenese- 
HHM peaKWWH CHCTeMbI Ha OOBIUHbIe BLICOKOYACTOTHBI€ BXOJbI, BCe 
Ke OHA He CTO/Ib BaXKHa MO CpaBHeHH!O C COCTaBsAAIOUleH, cBa- 
3aHHOM C KOSPHUMEHTOM HayabHOTO 3HayeHHA HMMNyJIbCHOt 
XapakTepucTHKH a,. IlosTOMy peakuHA Ha MpOusBOAHYIO OT 
HMIyAbCa JA 9THX ABYX CHCTeEM He CTpoONsmacb. 

Hockoabky Aaa cuctem III w IV tunos Kosddunuent a, 
paBeH Hyi0, KOSPPuUMeHT HavaMbHOTO sHaYeHHA peaKWLMH Ha 
NPOWSBOHY!O OT HMIMy/bCa DA STUX CHCTEM MOXKHO onpese- 
AUTb H3 BbIparKeHHA 

Ag==S?G|,_ os (26) 
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OTY BeAMYMHY MOO%KHO BEIYHCAMTb, ONpewenHB MO dur. 2 ypaB- 
HeHHe Jif BLICOKOUACTOTHOM acHMNTOTH. HanpuMmep, BbICOKO- 
uaCTOTHad aCHMNITOTa cuctemb! V Tuna paBHa 1,23 2/s?, Tak 


4TO KOSDHUMEHT HavaIbHOTO 3HaYeHHA Gy NOMKEH PaBHATbCA 
1,232. Oro cooTBeTcTByeT HavaMbHOMy 3HaveHHIO peaKUHH 


Ha MpOW3BOAHyl0 OT MMMyabca, Kak mOKa3aHO Ha dur. 6, a. 
Peakiuu Ha MpOusBOZHHe OT HMNysbCcoB cucTem II]— VII tunos 
NpuBeRenH |Ha cur. 4—8 (a). 


Peakyua nua smopyw npoussodxy0 om umnyavca 


Tiaa cuctem I u If TunoB peakKuHa Ha BTOpylO NpOK3sBOL- 
Hy1O He MpeAcTaBAdeT HHTepeca, OMHAKO AAA APyrux CHCTeM OHA 
WMeeT HeKOTOpoe sHaveHne. Jina cuctem I u II THNOB peakuuaA 
Ha BTOPylO| NPOH3BOAHyIO OT MMMyAbCa COMepxKUT MMMyAbC 
C aMNAHTyOH a, H MpOHsBOMHyIO OT MMMyibCa c aMnaMuTy- 
no a,, B TO BpeMA Kak peakKUHA Ha BTOPyiO MpOusBOAHy10 
OT MMNyAbCa AAA Apyrux CHCTeM COMepxKHT elle MMIYAbC 
AMIIMTYAb! d. Jd NPOHSBOAbHOFO BHICOKOYACTOTHOFO BxOla 
CHCTeEMHI YACTh MepexOAHOrO Mmpouecca, CBA3aHHaA Cc peakuuelt 
Ha BTOpyl0 | MpoOu3sBOAHyIO OT MMMYyJbCa, OOBIMHO Mada MO CpaB- 
HeHHIO C 4ACTbIO, OOYC0BAeHHOKH KOSPHWHEHTOM Hada/bHOrO 
SHAYCHHA @, HO OHA BCe Ke MOKET ObITb CyUeCTBeHHA. 


Hpaspuaa fa npvu6amxKeHHOrTO OnpenereHHuA MepexoAHblx 
xXapakTepuCcTHK 


Cpasyupad nmepexoOaHble XapaKTepHCTHKH CHCTEM, MO?KHO 
BLIBeECTH OOUlHe MpaBHaAa AA MpHO.mMkeHHOrTO oONpedeneHHA 
NepeXOHHX XapakTepucTHK. B OCcHOBe MHOTAX H3 9THX MpaBus 
J@eKHT COOTHOWeHHE MeKAY YaCTOTHDIMH XapakKTePMCTHKaMH 
PpasOMKHYTOM CHCTeMbl HM MOmMO0CaMH NMepedaTouHOH yHKUKH 
3a4MKHYTOM CHCTeMBI. 


Snavenun nozncos nepedamornod Pynkyuu 3samKnymou 
cucme Mol 


TlockombKy 3Ha4eHHA NOAOCOB NepeAaTOUHOK yHKWHH 3aM- 
KHYTOM CHCTeEMHI ONpeNerMIOT MOCTOAHHEI€ BPe€MCHH Pa3/IM4HbIX 
COCTABAAIOULHX MepexOAHOrO mpowecca, npHOAMKeHHOe 3HaHHe 
NOMOCOB NepeAaTOuHOM yHKWNW 3aMKHYTOM CHCTeMbI HeOOxo- 
AMMO JAA |OMpedeteHHa opMbl MepeXOMHbIX XapaKTePHCTHK. 
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Kak NOKa3aHO B cTaTbe [2], yKa3aHHble NomOCH! mpHOAWKeHHO 
paBHBi: 

1) HyaM MepemaTOUHOH dyHkuMH pasOMKHyTOM cucTeMbl, 
COOTBETCTBYIOWMM 4YaCTOTaM, MeHbIIMM YACTOTHI 0; 

2) mOOCaM NepelaTOuHOH @yHKWMH pasOMKHYTOM CuCTeMBI, 
COOTBETCTBYIONHM YaCTOTaM, OOJbUIHM YaCTOTH! ,; 

3) MOmMOCy, PaBHOMy MpuMepHo —w,. 

PaccmaTpmBaeMble NpaBusa anpOKCMMMpoBaHua OymyT mpu- 
AOKCHb JMWb K peaKUHH Ha CTyYMeHyaTOe BO3SAeHCTBHE HU K pe- 
aKUMH Ha CKaYKH MPOH3SBOAHbIX, NOCKOJbKY 9TH XAPaKTePHCTUKH 
OOLINHO TOpa3so CylecTBeHHee MpH pacueTe CHCTeEM aBTOMATH- 
YECKOrO PeryAMPOBaHHA, 4YEM peaKWMW Ha CKa4KH MHTerpasos. 
PopMa MepeXOMHbIX COCTABJIAIOUIUX ITUX Ppeakuuh ONpeneanetca 
B OCHOBHOM T10/N0C€aMH TIpH CpeQHHX H HH3KMX 4YaCcTOTAaX. 
OHaKO TIpH OlleHKe OpMbl MepeXOAHbIX COCTAB.IAIOUUX He- 
OGA3ATeENbHO 3HATb 3HaYeHHE MOMOCOB Mp CpeAHHX YacTOTAX, 
Tak Kak MO 4acTOTe Cpe3a M MaKCHMaJIbHOMy sHa4yeHHiO (M,) 
AaMIMIMTY HOM YaCTOTHOH XapakTepWCTHKH 3aMKHYTOH CHCTeMBI 
MOXHO ONpPeeJHTbh BakHehwine CBOKCTBa 9THX MO.N0COB. TaKuM 
OOpa3s0M, OCTaeTCA OLCHHTb NOJOCH! MPH HH3KHX acToTaX, 
a, Kak NOKa3aHO B CTaTbe [1], OHH NpHOAWKEHHO paBHbl HY.1AM 
nepeaTOunoH yHKUMH pa3s0MKHyTOH CHCTeMbl Mp HH3KHX 
uacTOTax. 

JleHCTBUTe/IbHbIe MOAIOCL] MepewaTOUHON pyHKUMM 3aMKHy- 
TOH CHCTeMbI HpH HH3KHX YaCTOTAX HECKOJIbKO CABUraloTcA 
OTHOCHTeJBHO HyeHh MepewaTOUHOh yHKUMH pa3s0MKHyTOH 
CHCTEMbI, H BeAMYMHA CABHfa OTAeAbHOrO HyjA MpWOsWKeHHO 
paBia OOpaTHOH BeaM4HMHe ycuneHua CucTrembI |G] mpu conparaio- 
uleH uacroTe 93Toro Hy.ia. JipyrumMu cioBaMuv, 4emM 6oubule 
ycHieHue CHCTeMbl, TeM MeHblue CaBur. C apyrof cTopount, 
MOXHO NOJYYNTh XOPOWHe MpHOAMKeHHA, MpeHeOperaa CABH- 
raMH WH MpeAmosaraa, 4TO MNomMochl mepewzaTOuHOH dyHKUNH 
3aMKHYTOM CHCTeEMbI IIpH HU3KHX YaCTOTaX LeHCTBUTeJIbHO PaBHbl 
HyAM TepewqaTOuHO yHKUMH pasoMKHyTOH cucTeMbl. OYTO 
AOnyiukeHhe MOMOMKeHO B OCHOBY BbIBOAa MpaBusl ANA mpu6uu- 
MKCHHOrO ONpewevieHHA MepeXOAHbIX XapaKTepHCTHK. 


Bolsod npasua npubaurcenHo20 onpedenenun Xapakmepucmuk 


B nocielyioulux pasienaxX BHOBb HCCeAyloTca mepexod- 
HbI€c XapaKTCPUCTHKU CHCTeMbI, YTOOR! HaHTH CnocoOb MX NpH- 
OAWKeHHOrO OlpedeeHua. 
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Peakuws Ha CKa4YOK CKOPOCTH 


Own6Oku| CHCTeM MPH CAMHHYHOM CKauKe CKOpOCTH CpaBHH- 
paloTca Ha dur. 9,6 Hu 6. Jaa Bcex cucTeM omMOKa Creayer 
ROCTAaTOYHO | O1H3KO 34 BXOJOM JO TeX NOp, NoKa He JOCTH- 
raeT M@KCHMA@JbHOrO 3HaueHHA, NMPHMepHO paBHoro |/w,,, Nocae 
yerO OWHOKA yMeHbLUaeTCA 1O 3HaYeHHA, PaBHOrO KOIPuWHeHTY 
OwHOKK mo| cKopoctH. Jaa acTaTH4yeCKHX CHCTeM, COCTOALIHX 
H3 OJHOTO HHTerpHpylolwero 3BeHa, KOSPDHUHEHT OWHOKH NO 
CKOpOCTH paBeH 1/w,, H NOCKOAbKY ©, OOBINHO OUeHb 62H3Ka 
K Weg, KOHEHHOe 3HaYeHHe OWMOKH NpHOAWKeEHHO PpaBHO MaKCH- 
MaJIbHOMY 3Ha4eHHIO. 

Ha qur.! 9, 6 moka3a4Ha KpHBaat H3MeHeHHA OWHOKH Ha CKa- 
YOK CKOPOCTH JA CHCTeM C HHTerpHPyIOWUM eMCTBHEM BbILLe 
mepporo nopsaka. [ina TakKHX CHCTeM KOHe4HaA BeJHYHHA 
OWHOKH SH@aYHTebHO MeHbIWUe MaKXCHM@/bHOM BeHUHHEI. Ilo- 
CKOJbKY CHCTeMa V THMa uMeeT NPH HH3KHX 4aCTOTAX HYJb 
c conparaiomeh uactotoh 0,153 o,, To y mepexaTouHOn dyHk- 
WHH 3a4MKHYTOH CHCTeMbI 2OKeH OBITb MOMOC C MpHMepHO 
TakKOH Ke CONpsraiue yacToTOK. OTOT NomOc DOMKeH DaBaTb 
B mepexXOHOM Mpowecce COCTaBAAIOWULY!IO C MOCTOAHHOM BpeMeHH, 
pasHot mpuMmepxo 1/0,153 »,, nau 6,5/w,. Ha dur. 9, 6 myHK- 
THPHOH aMHHeM OT 3Ha¥eHHA I/w, 10 KOHEYHOTO 3Ha4eHHA, PaB- 
Horo Aaa cucTeMl V Tuma KospdpuuwexTy OWMOKH MO CKO- 
pocTH ¢), MocTpoeHa KpuBas, MpeacTaBasioulad co6oA 9KcNo- 


HeHTy C 9TOH MOCTOAHHOH BpemMeHH. M3 rpaduka BHAHO, TO 
9Ta SKCNOHEHTA ABJAeETCA MOCTATOYHO XOPOWHM NpHOAWKeHHeM 
momororo ydacTKa peaKWHH CHCTeMB! V THMa Ha CKa4OK CKO- 
poctu. Takum 0O0pa30M, 3Ha4¥eHHe HY/IA pasOMKHYTOH CHCTeMbI 
pH HH3KHX| YaCTOTaX ONpedelseT KOMMYECTBEHHO (opMy Nouv0- 
TOrO y4acTKa peaKWHH. Ha CKaYOK CKOPOCTH. 

Jaa cuctem VI u VII TunosB nepBH Hyib HwKe YaCTOTH 
cpe3a WMeeT COMpsraioulylo uacTOTy, MpHMepHO paBHylO w,/3, 
M, CACROBATEIbHO, NOJOTHA y4uacTOK KpHBOK H3MeHeHHA OWIHOKH 
CHCTeMbl Ha| CKaYOK CKOPOCTH Aaa KaxKOH W3 HUX OKeH 
H3MCHATBCA [10 SKCMOHEHTe C NOCTOAHHOM BpeMeHH 3/w,. Takaa 
SKCNOHEHTA |MOKa3aHa NMYHKTHPHOA KpuBOK Ha dur. 9, 6, U3Me- 
Haloulefica oT 1/w, MO Hyaa. Peakuua cuctempl VI Tuna nocTa- 
TOYHO XOpOWO coBMagaeT C 9TOM 9OKCMOHeHTOM, Torga KaK 
peakuua cuctembt VII THNa HMeeT AONOAHHTebHYIO OTPUlLa- 


12 Sax. 2356, 
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TEJbHY!O SKCNOHEHTY, OOyCOBAMBaIOWyIO MepepelyiMpoBanne 
H MOAOTHA OTPUHWATeAbHBIM yuacTOK KpMBOH. OTa AONOAHMTeAb- 
Had 3KCNOHEHTAa COOTBeETCTByeT MNOJNOCy 3aMKHYTOM CHCTeMBI, 
HOAyYYeHHOMY H3 HYy/iA MpH HH3KOH YacToTe C Corparaiouen 
uactoton 0,13 (van oKoz0 0,1 o,). Takum oOpa3som, uHTerpH- 
pytoulee efcTBHe TpeTberoO NMOpAKa BbIsbIBAacCT MOABACHHE 
B peaKWMH Ha CKayOK cKopocTu cucTeMbl VII Tuma HeOombUOn, 
HO MpOOMKHTCbHOM OTPHWATebHOM S9KCMOHEHTHI C MOCTOAHHON 
BpeMeHw, mpwmMepHo paBHOK 1/0,1 w,, wan 10/o.¢. 


PeakKWWA Ha CKAYOK yCKOpeHHA 


Ha our. 9, 2 moka3aHbl MepexOAHble COCTaBAAIOWMe peak- 
wh cuctem V, VI wu VII TumoB Ha eXHHHYHbIA CKaYOK ycKope- 
Hud. TlepexoaHad cocTaBasioulad Ja cucTemMbl V THMa OY¥eHb 
6W3Ka K 9KCMOHEHTe C MOCTOAHHOM BpeMeHH 6,5/w,, BO3pa- 
cTalouleh lO KOHeCYHOrO 3Ha4eHHA, paBHOro Koadmuwnenty 
OWHOKH MO ycKopeHHio c,. AnasorM4Ho Aaa cuctempl VI Tuma 


NepexOAHad COCTAB/IAIOULAA OW3Ka K SKCNOHEHTe C MOCTOAHHOK 
BpeMeHH 3/w,, BO3pacTalOUleh MO KOHCYHOTO 3Ha4eHHA, PaBHOTO 
ee KOSULMEHTY OWHOKH Mo yckopeHnio. Jina cuctremb! VII TuMa 
NepexOMHad COCTaBJAIOWaA BOSpacTaeT MO CyllecTBy TaK Xe, 
Kak M Jia cucrempl VI Tuma, H MOUTH MOCTHraeT 3HayeHHA 3/02. 


STO BLIPAKeHHE ABIAeTCA KOIPDUUMEHTOM OWHOKM MO ycKope- 
HHIO Jaa cucrembl VI Tuna H KOIPPHUMEHTOM OWIMOKH, KOTOPHIA 
uMena Opt cuctema VII Tuma, ecan Obl y Hee OTCYTCTBOBAIO 
HHTerpupytollee AeficTBHe TpeTbero NOpAAKa. OWHaKO MHTerpH- 
pyloulee JeficTBue TpeTberO NMOpAAKa B KOHEYHOM CuyeTe OOy- 
CHOBJMBaeT MepexOAHylO XapaKTePHCTHKy, H3MeHAIOLUYIOCA NO 
9KCIOHEHTe C MOCTOAHHOH BpeMeHH, paBHOH mpHumepHo 10/w,, 
JO KOHeCYHOrO 3Ha4eHHA, paBHOrO eftcTBUTebHOMy Koadu- 
WWeHTY OWHOKH NO yCKOpeHuio. | 


PeakIHH Ha CKaYOK TpeTbeh NPOH3BOAHOR 


Mepexoguaa cocTaBasioulad peakunu cuctembl VII THMa Ha 
CKauOK TpeTbefi MpousBOAHOH, mpuBegeHHan Ha cur. 8, oe, 
aNpOKCHMHMpyeTCA 9KCMOHEHTOH Cc MoOcTOAHEOM BpemeHH 10/w,, 
BO3pacTaiouleH 2O KOHENHOFO 3Ha¥eHHA, paBHOrO KOSsPuuUNeHTy 
omuéKu nO TpeTbeH Mpou3BoAHOR. 
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PeaKWHA Ha CKAaYUOK 


Kpapbie | W3MeHeHHA OWMOKH CHCTeMbI MpH cTynenyaToM 
BXONe Mad |BCeX cHcTeM, KpoMe cucTembl II tuna, noKasaHel 
Ha dur. 9, a. Bce kpuBble OWHOKH, B TOM 4MCIe HW AA CHCTeMbI 
If Tuma, yMeHbuiawtca 20 37°/, oT caoero HauambHOTO 3Ha4e- 
HHA 34 BpeMA, PpaBHoe MpHMepHo 1|/w,,. Beawunna nepepery.sn- 
POBaHMA ABAAeETCA B OCHOBHOM yHKuweH BeanunHE! M,, KOTO- 
pad MpeActaBideT COOOM MaKCHMaJbHOe 3Ha4eHHe aMMAMTyAHOM 
uacTOTHOM XapakTepHCTMKM 3aMKHyTOM cucTeMbl. IIpu M, = 1,3 
nepeperyAMpoBaHuve COcTaBJdeT MpumMepHo 25°/,, 

Ana cucrem V, VI wu VIL Tunos c MaabimM KO9duUneHTOM 
oumMOKM Mo! CKOpOocTH MHTerpupyiollee AeficTBue BTOporo no- 
Palka ROOaBAAeT K PeaKUMH Ha CKaYOK OTPHMAaTeJbHYyIO 9KCIO- 
HEHUMaIbHyW COCT4B.MIOLLY!IO C MOCTOAHHOM BpeMeHH, MpkMepHo 
paBHoh BepxHeH compsraiouleh yuacToTe cooTBeTcTBywUlero 
yuacTKa XapakTepHCTHKH. OTA SKCMNOHeEHTa ONpereaneT GONb- 
Wy!O 4aCTb | Nepepery.IMpOBaHuA M AOOaBAeT NOZOryw cocTa- 
Bisioulyio. Jina cuctemel VII] Tuma uuTerpupoBanue TpeTbero 
nOopaaka TakKe OOaBReT K KPHBOM H3MCHEHHA OWIMOKH He- 
GCoAbWOK NOAOKUTeAbHEIA MOAOorMA yuacToK. OSror nosoruki 
yuacTOK HME€eT CJIMUIKOM MaJlyl0 aMIIMTyAy, 4TOObI eTO MO2KHO 
ObI0 3aMeTHTb Ha rpactpuKe; TeM He MeHee OH MOKeT HMeTb 
3HaveHHe BC/eACTBHe GOOAbWIOA MpoAOKHTeAbHOCTH. TlocKoabKy 
BeEPXHAA COMpPArawllad uacTOTa CHCTeMbI C HHTerpHpoBaHveM 
TpeTbero NopsaKa NpHOAMKeHHO paBHa w,/10, TO 9TOT NOvOrHh 
yuacTOK HMeeT NOCTOAHHYIO BpeMeHH, IIpHMepHO paBHyio 10/w,, 
uTO B 10 pas Goabule, 4eM BpeMA HapacTaHua peakilMH Ha 
CTyMeHuaTOe BO3MeHCTBHe. 





Coomnowenue mMencdy nocaredosamendnuimu nepexodnomu 
| COCMABAANIUUMU 


Kak BuaHO 43 ypaBHeHua (13), cocraBasioulMe MepexoaHoro 
npouwecca MpH CKayKaX MpOW3BOAHBIX CBAZAHH! HHTerpa/bHott 





3aBUCHMOCTbIO. [lockonbKy KooppuuneHT c, paBeH — T,,(0), 
STO COOTHOMICHHe MOXKHO BLIPasMTb B BUAe ONpeweeHHOrO 
WHTer pasa 
t 
Ta(t)+ n= f Ty_1@ dt ana np. (27) 
, 0 
12" ; 
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Takum oOOpa3s0M, HWHTerpad OT COCTABAIOWeN iepexOAHOLo 
mpotecca paBeH COCTaBJIAIOWeH OT CKaKa nocelyouleh Mpou3- 
BOMHOH Gomee BEICOKOTO NOpAAKa. OJTO COOTHOMWeHHE MOKHO 
UCNOAb3OBaTb Jd OObACHCHHA 3HAYCHHA XAPAaKTeCPHCTHK HEKO- 
TOPHIX MePpeXODHbIX MPOWeccos. 

YpaBHeHve MOKasblBaeT, UTO OWWHOKA CHCTEMbI MPH CKauKe 
CKOPOCTH paBHAeTCA HHTerpady OT OWMOKH CHCTEMBI IPH CKaHKe. 
Ecau KOHeuHOe 3HaYeHHe OWIMOKM CHCTeMbI Np CKauKe CKOpOCTH 
HaMHOTO MeHbluue e€@ MAKCHM@JIbHOrO 3Ha4eHHA, TO HHTErpal OT 
OUIMOKH MpH cKauKe Ha BxOe MOMKEH ObITb MN pHv6.1MKeHHO 
pabeH HYJIO WAH, ApyrMMH CAOBaMH, OTPHUATeAbHaA MTOULA Ab 
OX KpWBOM M3MeHeHHA OWMOKM Np CKayKe Ha BXOAEe MOM KHA 
OuITb TIpHMepHO paBHa MOAOKUTeABHOA Maouadn. Takum o6pa- 
30M, YTOOK MOYYHTS MaJbif KOSPMUKEHT OWHOKH MO CKO- 
pOCTH, peaKUHA CHCTeMbI Ha CKaNOK MOMKHa HMCTb Nepepery- 
nupoBanie. Jia 3aaHHOTO BpeMeHH HapacTaHWaA peakuun Ha 
CKayOK NOAOKUTebHaA MoWladb M02 KpHBOM OWIMOKH, NO Cy- 
ULeCTBY, (UKCHpOBana (34 HCKJIONEHHEM CHCTeM C TaKHM KOJe- 
GaTebHbIM TlepeXOAHbIM MIpOleccoM, Kora HMCIOTCA OTPHIka- 
TeIbHEIe NepeperyAMpoBaHuA); TeM CaMbIM (HKCHpyeTca WH NO- 
Ulalb NepeperyAMpOBaHUA, YTO CMpaBeANMBO AAA CHCTEM C MaJIbIM 
KOSMDUUHEHTOM OLIMOKH MO CKOPOCTH. TlockoAbKy M10Uuladb 
nepeperyIMpOBaHHs HeH3MeHHa, TO PeaKilHA CHCTeMbI C MaJIbIM 
KOMPDUUMEHTOM OWIMOKK MO CKOPOCTH Ha CKaYOK LO/KHa HMCTb 
nu60 6o0AbuIOM BEIGpoc, AWOO MeAAeHHO 3aTyxaloluH nosorHA 
yuactoK. JlawHy 9TOrO yuacTKa MOXKHO YCTaHaBAMBaTb, MCHAA 
BePXHIOIO COMpsrawulyio YaCTOTY XapaKTepMCTHKH CHCTEMbI 
C WHTerpHpoBaHuem BTOporo nopsaKa. OnmHako ecaM An 
YMeCHbLICHHA MepeperyAMpOBahiA YANIMHATb MOAOrMA yuacTOK 
peakUHH Ha CKayOK, TO MOAorHM yuacTOK peaKUMW Ha CKauOK 
CKOpOCTH TakxKe yJIMHAeTCA, H MpOXOANT Gombe BpeMeHH, 
MoOKa He MpOsBUTCA BAMAHHe MatOrO KOSPPUUNeHTA OWHOKH 10 
CKOPOCTH. 

AnaflOrHuHo, eCAM Jaa yMeHbUeHHA KOSPpuuMeHTAa OLUHOKH 
MO YCKOpeHHIO B CHCTeMe MCNOMb3yeTCA MHTeErpHpOBaHHe TpeTHro 
nopaaka, TO peakWHH Ha CKa4¥OK CKOPOCTH MMeeT NlepeperyAH- 
poBaHHe HM MAOllalb MepeperyaMpoBaHua AOMKHA NMPHMCPHO 
PABHATCA NOMOKMTEDHOM MAOWAIN (Kak MOKAa3aHO AA CHCTEMBI 
VIL tuna na our. 8, 2). Takum .oOpa30M, "pW MHTerpHPpyIouleM 
mevicTauu TpeTberoO MopsaKa KpHBant H3MCHeCHHA OWWMOKH Mp 
CKANKe CKOPOCTH OMKHA HMeTb AHOO OoubIlOe NepeperyANpo- 


co 
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BaHHe, «M60 moaorMf# yuactok KpuBoH. TlocaeaHnht Tpe6yerT 
HaM4MA TAakOTO Ke yyuacTKa B peaKWMH Ha CKAYOK YCKOpeHHA, 
uTO OGyCHOBAMBaeT OOubUyIO 3aepxKKy, Mpekse uem OyAyT 
NOAYYeHH BC BHITOLM OT YMeHbUIeHHA KOS*PPNLMeHTa OLIHOKH 
no yCKOpeHHb. | 


BBO 


B cTaTbe paCCMOTPpeHEI HeKOTOPHe BaxKHbIe UaCTOTHbIe 
XapaKTePHCTHKH CHCTeEM aBTOMATHYeCKOTO peryHpOBaHHA 4H 
mOKa3saHO MX BAMAHHe Ha @OpMy MepeXOAHHIX MpOUeccoB HU 
peakuut Hal Gomee oOOuine CHrHadbl Ha BxOMe. Kpome oOwero 
O6CyKMeHHA STHX BOMNpOCOB, B CTaTbe MaeTCA HECKOJbKO Mpa- 

| BUA MpHOAmKeHHOrO ONpeeneHuA MepeXOAHLIX XapaKTePHCTHK 
C MOMOLEbIO|) HCCC NOBaHHA YACTOTHBIX KPHBBbIX. 


Kpamxkoe u3aoxcenue npasua npudauacennozo onpedenenun 
| nepeXOOKWX XapakmepucmuK 


Mpapuza mpHOamKenHOroO ONpeweAeHHA MepeXORHLIX Xapak-~- 
TeEPHCTHK CHCTe€M ABTOMATHYeCKOrO peryAHpOBaHHA AA eCLH- 
HMYHOrO CKauKa HW CKaYKOB MpOW3BOMHBIX elle pa3 KpaTKO 
CPOPMY IMPOBaHbl HHKe. 


PeaKUHNA HA CKAYOK 


Bpema HapacraHuf peaKUHW Ha CKaYOK, OnpedemaeMoe Kak 
BpeMA, HEOOxOMMMOe AA MOCTHKEHHA YPOBHA, COCTABJIAIOWero 
63°/, of KOHEYHOrO SHaueHHA, MpHOAMKeHHO paBHO 1/w,,. 


MakcHMabHoe MepeperyaupoBanHe onpenerneTca BeAMUH- 
Hoh M,, npwyem ana M,= 1,3 mepeperyaupopanue cocta- 


panet 25°/)). 

Ecaw CHCTeMa ABAMeTCA acTaTH4eCKOH, TO yYCTaHOBHBLUIAaACA 
oulm6ka 6yfeT paBHa Hywi0; Aaa cTaTHyecKOM CHCTeMbI OWWHOKA 
‘paBHa MO3HLLHOHHOMY KOS@DunnenTy OWHOKH. 

VuterpaHposanve BToporo nopaaka O6ycnoBAMBaeT NOAB.Ae- 
HHe B KPHBOH OWMOKH Mp CKkayke Ha BXOMe OTPHWLaTebHOrO 
SKCINOHCHUMAIbHOTO yuacTKa C MOCTOAHHOH BpeMeHH, paBHOH 
o6paTHoh BewHUHHeE BepxHeH conpsraiouleH “aCTOTHE yyuacTKa 
C JBOKHBIM |HaKJIOHOM. 

YuactoK XapaKTepucTuKH Cc TPOMHEIM HaKAOHOM (HHTerpH- 
poBaHHe TpeTbero NopadKa) 10CaBAneT HeOombUION, HO Ooree 
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NOJOrHA MOJOKATeCABHBIA SKCNOHCHWUAbHBIA = yuacTOK KpHBOR 
C NOCTOAHHOM BDeMeHH, paBHOH oOOpatTHOM BeaWNunHe BepxHeh 
compsaraioiuleh yYacTOTb! STOTO yuacrTKa. 


PeakKUWA Ha CKAYOK CKOPOCTH 


aa actaTuyeckoh cucTemMbl NepBoro MopsakKa oWHOKa pu 
cKauKke CKOPOCTH Ha BXOMe MpHOAM3HTeAbHO CaeyeT AHHeH- 
HOMY H3MCHEHHIO BXOa HO MOCTHKCHHA M@KCHMaJIbHOH BeJIu- 
uMHB! I/o,, MH Mocae STOTO MpMoamKaeTCH K KOHC4HOM BeJH- 
uMHe, paBHOH 1/w,. 

Ecau cucTeMa He ABJIAeTCA aCTaTHYeCKONM, peakUuA MO Cy- 
WeECTBY Takan Ke, 34 HCKJNOYCHHeM TOPO, YTO HMe€eTCA LONOA- 
HHTCJbHand JIMHeMHad COCTABIAIOULad OWMOKH, PaBHaA MO3HILMOH- 
HOMY KOSPULNEHTY OWWHOKH, YMHOXMCHHOMY HA 3HAYCHHA BXOa 
MOCTOAHHOH CKOPOCTH. 

laa cucTeMbI, HMelouleM yuaCcTOK YaCrOTHOM XapakTepuCcTHKH 
C ABOHHDIM HaKJOHOM (HHTerpHpoBaHue BTOpOrO NopsaAKa), 
OUMOKa BOspacTaeT NO MAaKCHMaJbHOM BemMUMHD! 1/w,, TaK Ke, 
Kak H JIA acraTuyecKOH CuCTeMbI MepBOro NOPAAKA, HO 3aTeM 
yOuiBaeT MO 9KCMOHeEH'e€ JO BeJIMYHHbI, COOTBETCTBYIOWEH MeH- 
CTBUTeCbHOMY 3HaueHHIO KOIPUUMeHTA OWMOKH MO CKOPOCTH. 
TlocrosHHad BpeMeHH Jad 9TOK SKCNOHEHTH! paBHa OOpalnok 
BeM4uHHeE BepxHeH conmpsraioureh YaCTOTHI yuacrKa XapakTepH- 
CTHKH C JBOKHDIM HaK/JIOHOM. 

Jaa CuCTeMbI C YUACTKOM YaCTOTHOM XapakTePHCTHKHU C TPOH- 
HbIM HaK.IOHOM KPHBaf H3MCHeEHHA OWIHOKM Takad 2Ke, KaK UW IA 
CHCTeMbI, HMelouleM yuyaCrOK XapaK!epuCrHKH C ABOHMHbIM HakJI0- 
HOM, 34 HCKJHOYCHHEM TOTO, 4YTO HMe€eTCA OTPHILatTebHaN NO0.10- 
Tad 9KCMOHeEHTa, MOCTOAHHad BPeMeHH KOTOPOH paBHa OOpaTHoh 
Be/IMUHHeE BepxHeH COMpsralouleh yacTOTbL! yyacTKa C TPOMHBbIM 
HaKJIOHOM. 


PeaKHWHA Ha CKA4OK YCKOPeHHaA 


Jina CHCTeMbI, HMeIOLWeH yuaCcTOK 4aCTOTHOM XapakTepuCTHKH 
C TBOHHbIM HaKJIOHOM, TepexoOMHan COCTABAMIOlad NO yCKope- 
HHIO BOSPacTaeT MO SKCMOHEH e€ C MOCTOAHHOM BpPeMeHH, PaBHoh 
OOpaTHOH BeAHYHHE Colpsarawlueh YacTOTbl XapaK! epHCTHKH 
9TOrO y4aCTKa HM KOHeYHbIM 3HaNeHHeM, PaBHbIM KOI@DuWMeHTY 
OIUHOKH TO yCKOpeHHo. 
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Tina CuCTeMbI C YaCTOTHOK XapaKTepuCcTHKORN, HMelOLeh TPOK- 
HOM HaKAOH (MHTeErpHpOBaHHe TpeTbero MopadKa), Nepexoguasd 
COCTABJIAIOWad MO YCKOpeHHiO CHauala BOSpacTaeT Tak, Kak 
ecw Obl CHCTeEMa HM@Jla XapaKTePHCTHKY C ABOMHbIM HaKJIOHOM, 
H NOYTH WOCTHraeT OWMOKH, paBHOM sHayeHHIO KOI puwneHTa 
OWHOKH MO | ycKopeHuio, KOTOpHIf uMena Onl 9Ta CucTema. Ho 
gaTeM owHOKa yOuiBaeT MO SKCMOHEHTe OT STOTO MaKCHMaJIb- 

-HOFO 3Ha4veHHA 2O AeHCTBHTeEMbHOM BeAMYHHE! KOSPPMULMeHTA 
OWMOKH MO| YCKOpeHHIO, H NMOCTOAHHaA BPeMCHH SKCIIOHEHTHI 
paBHa O6pdaTHOM BewMuHHe BepxHeH cConpsraioweh YacTOTHl 
yuacTKa XapaKTepHCTHKH C TPOMHbIM HaKOHOM. 








PeaKUHA Ha CKa4¥OK TpeTbeH NPONSBOAHOR 


Jia cucTeMbl, HMeloWweH yyYaCTOK YaACTOTHOM XapaKTepHCTHKH 
C TPOHHBIM HaKJOHOM, NMepexoMHad COCTaBAAIOWad NO TpeTben 
NpOvsBOAHOH MpeacTaBaeT COOOM BOSpaCTaIOWyi0 SKCNOHEHTY C M0- 
CTOSHHOM BpeMeHH, paBHOH OOpaTHON BerAM4HHe BepxHeH Conparal- 
ueH UacTOTH. STOTO y4uaCTKa XapaKTePHCTHKH, H KOHECYHbIM 
3HAa4eCHHeEM, PaBHEIM KOSPPMUMEHTY OWWHOKH NO TpeTbef Npous- 
BOJHOK. ; 

Koraa 3TH MpaBuaia MpHMeHAIOTCA K CHCTeMaM, O KOTOPHIX 
TOBOPHTCA, |YTO OHH HMeIOT HHTerpHpoOBaHwe BTOpOrTO HAH 
TpeTberO MOPALKOB, TO 9TO HE O3HAaeT, YTO STH CHCTEMBI 
ABIAIOTCA ACTATHYCCKHMHM BTOPOTO HAW TpeTbero NopsakKa. Cu- 
cTeMa C HHTeErpHpoBaHHeM BTOPOrO NOpAAKa ABAAeETCA CHCTEMON, 
KOTOpad HM@eT B Ppa3OMKHYTOM COCTOAHHM aMMAWTyAHylo Xapak- 
Tepuctuky |c HakIOHOM—20 O202/OeKada B 3Ha4NTeJIbHOM 
HHTeEpBale YaCTOT HWXKE YaCTOTH Cpe3a, B TO BpeMA Kak CH- 
cTeMa C HHTerpwpoBaHHeM TpeTberO MOpsaAKa uMeeT XapakTe- 
pucTHKy Cc HakJOHOM— 30 O402/Oexada B sHauNTeAbHOK OOaacTH 
uacrToT. | 

B cayuaé HHTerpupoBaHus BTOpOTO NopsAAKa OOBIYHO HMeeTCA 
OHH HyJib| MepemaTouHOM yHKWWA pasOMKHyTOH CHCTeMbI 
HwWKeE ©, | COMpsraioulad YacTOTa STOTO HYyAA NpelcTaBaderT 
co6oH BepxHiolo COMpsralouly!0 YaCTOTy OTPeska XapakTePUCTUKA 
C Hakj0HOM: — 20 Qzo2/dexada. Ananoru4Ho B cay4uae HHTe- 
rpHpoBaHua | TpeTbero NopAdKa HMelOTCA ABa HyAa mepelaTou- 
HOH (byHKUMH pa3OMKHYTOM CHCTeMBE HWKe Ww, HM HavBbICuiad 
CONpAraiwukan YaCTOTA, COOTBETCTBYIOWMaA OAHOMY M3 9THX Hy1EH, 
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ABJIAeTCA BepxHeH compsaraiouleh uacToTOH oTpe3sKa Cc HaKJ0- 
HOM — 20 Ovz02/OeKadad, B TO BDpeMA Kak HanHH3lad conpa- 
ratolilad “wacTOTa paBHa BepxHeH Comparatwuleh yacToTe aCHMI- 
TOTHI C HaKJOHOM — 30 O1202/deKada. 


Cmenexs O6<wHOCMU NpUuGAUICEHHUX BbLUUCAenUL 


Bue mpeanosaranocb, uTO MpaBAna Aaa npHOawKeHHOrO 
ONpeeAeHHA MepeXOMHbIX XapaKTeEPHCTHK MPHMeHHMb! B OOLIEM 
cnyuae. OnHako 9TO dakTHYeCKH He ObI0 MOKasaHO. Tem He 
MeHee ObITH MpeACTABJeHb! MOCTATOUHbIe OOOCHOBAHHA AAA MX 
HCNONb3O0BaHHA B WpakTuyecKux pacueTax. B KOHIUE KOHILOB 
XOpOWO Hs3BeCTHOe COOTHOWeHHe MexAyY M, uM MaKCHMaJbHbIM 
nepeperyAMpoBaHhem Mpv CKauke Ha BXOMe HHKOTMa He OKa- 
SbIBAOCb, XOTA H ObIIO OUeEHb MOAeE3HbIM MPH pacueTax. _ 

C apyrof cTopoubl, B HacTosulee BpeMA aBTOPOM MOATO- 
TOBJeHa CTATbA, MOCBALLCHHAaA OOLLEMY MeTOAY MOCeOBaTeJb- 
HbIX MpHOAWKeHHA Ad pacueTa MepeXOMHbIX MPOWeCCOB, OCHO- 
BaHHOMY Ha HCMO/b30BaHHH aHHbIX ACHMMTOTHYECKHX UaCTOT- 
HbIX XAPAKTePHCTHK. OTOT MeTO OOOCHOBLIBAET PeKOMeHAaluH 
LAA NOAyYeHHA MpHOAMWKeHHA, CBASBIBAIOLLMX YaCTOTHbIe Xapak- 
TEPHCTHKH C MepeXOMHbIMH MpoweccaMH, H MOCKOJbKY MeTON 
RONycKkaeT yBeJIM¥eHHe TOYHOCTH, pacueTUHK MMeeT FOTOBHIC 
CpencTBa Ad ONpeweneHuA MOCTAaTOUHOCTH NpHOAWKeHHA. Meron 
NOMOKeT OOOCHOBATb NMpHOrwKeHHA, MpeAcTaBseHHble B 3TOH 
cTaTbe, HW, 4TO Gomee BaxKHO, OOeCMe4UT OOMbUIY!O TOUHOCTb 
mpaBu MpuOnMxKeHHOrO, ONpemeteHuA HW OONee ACHOE TOMKOBA- 
HH€ JWHAMHYeCKHX MPHHILAMOB CHCT€M aBTOMATHYECKOTO pery- 
JHpOBaHHA. 

B KOHKpeTHBIX CAy4adX paCueTUHK MOKET OWCHMBATb TOU- 
HOCTh MpuOwKeHHA MyTeM BbIYHCTeHHA MAM MCCeOBaHHA 
C NOMOLIbIO MOeMpyioulMx ycrpoficts. Tem He MeHee 9TO He 
MOKeT 3aMCHHTb MpHOAWKeEHHOTO ONpenesteHHA MepexOHbIX 
XapaKTepHCTHK, TAK KaK 9TOT NMYTb ABAAECTCA CJIMUIKOM C10%K- 
HbIM, UTOOL! OOeCNeYWTh MOCTATOYHYIO OCHOBY JIA CO3HATEJIb- 
Horo pacueta. Ecru pacueTHan 3aa4ua He ABAAETCA OUYeHb 
‘CAOMHOH HM HMeeTCA Ha BHIOOP OOAbIMOe KOAMYECTBO BapHaHTOB 
ee pellleHus, OHM, TEM He MeHee, He YCTPaHAIOT HEOOXOAMMOCTH 
ACHOFO MOHHMAHHA OCHOBHBIX JAMHAMMYECKMX CBOHCTB CHCTeMBI, 
a TaKOe MOHHMAHHe LO/DKHO Oa3sHpoOBaTbCA PAaBHbIM OOpasoM Ha 
HaleKHOM NpHOAwKeHyH. | | 
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NPHJOMKEHHE 1 


Kpatkok H310OKeHHE MeETOMA ONpeMeeHHA peakWHH 
Ha NpOH3BOJbHHH BXOQHOH CHrHad 


B 9TOM NpHOKeHHH KpaTKO M3aaraeTCA MeTOL OnpezeneHHa 
peakUHH CHCTeMbI Ha MpOW3BObHbIA BXOJHOM CHTHa, PaccMaT- 
pusaempif BictaTbe [1]. Mero ocHOBaH Ha pa3s0KeHHH peaK- 
ILHH CHCTEMBI Ha COCTABAIOWMe, KaxKad H3 KOTOPbIX BbISbIBAeTCA 
CKauKaMH MpOuv3BOAHOM WM MHTerpasa OT BXOMa. 

PasnomwenHe BbIXOAHOK peaKWHH Ha CKa4OK 1-A NMpOu3sBOHOR 
OT BxONa, MaHHOe B ypaBHeHHH (2), MOXKHO TakxKe MpeACTaBHTb 
B Bue 


Xu (f) = lox 7 ¢,Dx;(8)+ ae (+ .. 
| -e tle, T,(0) Dx; (4), (28) 


TOrma Kak peaKWHlO Ha CKaYOK m-ro HHTerpata, MaHHyW ypaBHe- 
HHeM (3), MOKHO 3aNvcaTb CreaylouluM OOpasom: 


Xy(t) = MgX4(£)-+ a,D-1x,(E)+ «.. 
tg _~D- 9.x; (2) + Tmt) D-™ x4). (29) 


Bupaxenue Dx, (f) o6o3sHauaeT 1-10 MpOW3BOMHy!0 OT BxXOl- 
Horo cHrHada x;,(¢), a D-™ x, (¢)—- m-KpaTHBIh MHTerpai. 

V3 9THX) BbIpaxkeHHA BbITeKaeT ONPeReeHHbIN NOPALOK pac- 
ueTa peaKUHH Ha MpoOu3BOJbHBIM BXOAHOM curHan. IIpexge 
BCero, BXOJHOH CHTHal MpeACTaBAAIOT B BAe CYMMBI CKaYKOB Mpo- 
H3BOAHWIX H|HHTerpaios OT yHKuHH Ha BxOZe. Jaa sTOrO mpo- 
H3BOAATCA Chehyioulue ONepalluH: 

1. IIpH6amKeHHO NpeACTABAAIOT CKAUKaMH Te yUaCTKH BXOd- 
HOrO CHrHada, Te OH H3MeHAeTCA ObiICTpee peaKULHH CHCTEMbI 
Ha CTyMeHyaToe BO3SMylUeHue (CKa4OK). | 

2. BricokouacToTHble KOeOaHHA BXODHOFO CHTH41a, BO3pa-. 
cTaloulve H| yObIBalollMe 3HaYHTeAbHO OplcTpee, 4eM peaKIHA 
CHCTeMbI Ha|CKa4OK, 34MeHAIOTCA OCPeAHEHHOM KPHBOH. 

3. YcrpanwBe ckayKH H BBICOKOYACTOTHBIE COCTaBAAIOWUHE, 
AudepenunpyloT OcTaioulyioca CraxKeHHy!0 KpUByIO. 

4. Tipeacraspasior mpu6.1mxKeHHO C NOMOLIbIO CKa4KOB Te 
yacTH NposNddepenunpOBaHHOK KpuBOM, KOTOPbIe H3MCHAIOTCA 
Gonee peskO, 4eM COCTABJAIOWHe, MepexoAHoro mpowecca AAA 
COOTBETCTBYIOULeH MpPOH3BOAHOM, H BHOBb Audpepeniupywr 
OCTAaIOUlyloc# CriaKeHHylO KPHBy!0. 
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5. BurmornaioT eAcTBMA, yKasaHHble B 1. 4, HECKOMbKO 
pa3, M0 Tex NMOp Moka He NOAyyaT ONpeweteHHy!O MponsBo- 
HY!0, Mp KOTOPOM KpHBasd MOIHOCTbIO 3aMeHAeTCA NpHOM3sH- 
TeJbHO MpAMOJMHeHHEIMM OTpe3KaMH. TlocKOJbKy Mpon3BOAHaA 
9TOTO NpHOAWKeCHHA WeAHKOM COCTOMT M3 CKauKOB, TO 9THM 
npHO.wkKeHHeM Mpouecc 3akanuMBaeTca. HlopsoK NpousBoAHON, 
pW KOTOPOM WOCTHraeTCA OKOHYATEbHaA aNpOKCHMALLHA KpHBOn 
NOMaHOH AMHHeH, 34BUCHT TOKO OT MepeaTOUHON PyHKILH CHCTe- 
MbI H He 3aBHCHT OT BXONa (MPH YC.IOBHH, YTO BXO He ABAAeCTCH 
TaKMM MPOCTbIM, KOra aNnpOKCHMALlMA 3aKaHYMBAeTCA MpOu3BOl- 
HOH O6oee HU3KOrO NopsAyKa). — 

6. BricokoyacTOTHy!O COCTAaBAAIOWLYIO BXOa, KOTOpad Oblza 
OTMe1eHa, HeOOXOMHMO HeCKOJbKO pa3 MpOHHTeErpHpOBaTb HU 
Kakibli mMocrelyioulMA MHTerpad aNpOKCHMMpOBaTb CKauKaMH, 
UTOObI BIGHT MOCTOAHHHbIE COCTABAAIOWUIMe,  LAUTCAbHOCTb 
KOTOPBIX. M[peBbluiaeT BpeMA HapacTaHHA cCoOoTBeTCTByOUlen 
cocTaBsiouleH MepexOJHOrO Mpolecca CHCTeMHI. 

7. Tipomecc MHTerpHpOBaHHaA MOXKHO MpekpaTUTb Ha onpe- 
R@JICHHOM MHTerpase, MOPAAOK KOTOPOPO TaK2Ke 34BUCHT TOJbKO OT 
Mc peaTOUHON PYHKUMA CHCTeMbI, H BAMAHWeM HHTerpaoB Ooaee 
BhICOKUX MOPAAKOB MO?KHO MpeHeOpeub. 

SaTeM CTPOHMM KpHBylO peaKIHH, CyYMMHpysA CieLyIOulue TPH 
C1araeMbIXx: 

1) KpHBble MpOH3BOAHbIX, YMHOXKeHHbIe€ Ha COOTBETCTBYIOULNE 
KOIPPULMEHTLI YCTAHOBMBLIHXCA COCTOAHUH; 

2) HHTerpasbHble KPHBbI€, YMHOMKCHHbIe Ha COOTBETCTBYIO- 
WiHe KOSMPHUMEHTLI HAYaJIbHbIX 3HaAYeHHhA; 

3) COOTBETCTBYIOUIHe COCTABAAIOWMe MepexOAHOrO Npowecca 
Ia KaoxkKMOrO CKauKa MpOH3BOAHOK WM MHTerpada, Mponop- 
ILMOH@JbHbIe BeJIMYHHE 9THX CKAYKOB. 

HetTpyQHO YCTaHOBUTb BMOWHeE YAOBCTBOPHTeJbHY!0 Mpo- 
CTY1O0 OWeHKY TOYHOCTH BbIuMCeHHA peakilun. TlorpeuHoctp, 
BLI3BaHHad aMpOKCHMHpOBaHHeM OTAC/JbHBIX Muddepenuuanb- 
HbIX HH WHTeCrpaJbHbIX KPHBbIX, He MOKET ObITh GoOAbUIe Mpo- 
H3BEAeHHA, MOYYeHHOrO OT YMHOMKeHHA MAKCHMAJbHOTO OTKJIO- 
HeHHA TpHOaWKeHHOH KPHBOK OT TOYHOK Ha COOTBETCTBYIOWLUA 
KosdduunentT ocTaTKa. KoadulMenT OcTaTKa 7, AAA n-f Mpo- 
U3BOAHOH paBeH 


ra= fl Tas] ae (30) 
Gj 
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HM merkKO MOKeT ObITb BBIMHCIeEH MOCpeACTBOM rpaduyeckoro 
NOCTpOeCHHA COcTaBAMiOWMeH NMepexonHoro npouecca 7,,(f). Maa 
m-KpaTHOrO HHTerpata KOIPMUUMCHT OCTATKA F_., BLIYHCAAETCA 
aHaJIOTHYHbIM |O6pa3om 10 T_»,(é). 

BaxkHad YepTa 9TOrO MeTORa COCTOHT B TOM, 4TO HMEIOTCA 
onpeleeHHble yKa3aHHa, Fe HYKHO OCTAHOBHTb Mpolecc Aup- 
cbepeHLMpoOBaHHa M MHTErPHPOBaHHA, YTO 34BUCHT TOKO OT Mepe- 
maTOuHOH yHKUHM CHCTeMBI, H MOITOMY MAA AIHHOK CHCTeMbI 
MMeeTCA JIHIUb PUKCHPOBaHHad Tpynna NepexoAHHX Mpoweccos, 
KOTOpHle HeOOXOAHMO 3HaTb. HurKe mepeuncaenbl orpannyuenna, 
HaklaQbiBaeMple Ha ITY rpynny. 

Hanspicuiaa nuddbepenuuaibHan COCcTaBAAIOWLad NMepexoAHOrO 
mpowecca, KOTOpy!O elle CleAyeT MPHHHMATb BO BHHUMAHHe, SB- 
AMeTCA NepBoM COcTaBAMOWeH, WIA KOTOpOH cymma [c,-+ T, (2)] 
He 6onpme MO aMNaNTyme, 4eM COCTABNAIOULAA C,_,f, O6ycr0B- 
neHHas KOS@UUHeEHTOM YCTAHOBHBUIerOcA COCTOAHHA Oouee 
HH3KOrO MOpAAKa. 

Hanspicuieh WHTerpambHOM COcTaB.AlOWeH NepexoaHOro Npo- 
uecca 6y@eT| COCTaBIMIOULaA, CAeMylOulad 34 TEM MepBbIM C7a- 
raeMbIM MepexoOHOrO Mpowecca, WA KOTOPOFO HauabHOe 3Ha- 
yYeHHe PaBHO ero MAaKCHM@JIbHOMY 3Ha¥eHHIO MO aMNANTy Ze. 

IIpouecc 'auddepeniupoBaHua MpekpallaeTcaA Mmpu moAHOK 
aNpPOKCHMAlWH KPHBOKM HaHBbICLUeA NPOH3BOAZHOM, OCylecTB.IAe- 
MOH war 3a WaroM NyTeM anpOKCHMMPOBaHHA MIpAMOJIMHeMHbIMH 
OTPe3KaMH KpHBOM NMpOH3BOMHOM NMOpatka Ha eCAMHMILY HMKE. 
Y 9Toh KpHBOM npon3sBOnHOH Oonee Hu3KOrTO NOpstka KO9p- 
(uuveHT OWHWOKH OOBINHO NOYTH paBeH NO BeAMUHHE KOIOH- 
IWHeHTy OCTATKAa, TaK TO TONHOCTb BBIUMCeHHOM OWMOKH 
CHCTeMbI paBHa NO CYLIECTBY TOUHOCTH NpPxAMOJIMHeEHHOM anpoK- 
CHMallHH. 








o 


NPHUJIOKEHUME Il 


BelvcaeHWe COCTABAAIOMMX HepexOAHblX MpoweccoB 
Wid CeMH CHCTeM 


B 9TOM MPHAO%KeHHH BbIBOAATCA BCE KOSPMUWMCHTHI YCTaHO- 
BHBLUIMXCA COCTOAHHA MM HauaJbHbIX 3HaueHHHM, BCe COCTAB.JIAIO- 
WHe MepeXOMHEIX MpOWeccoB Aid peakuMi CeMM CHCTeM, NIPH- 
BeJ\CHHBIX BBIILEe, 


¢ 
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Kosgguyuenmo 


BeawunHbl) KOSPYUMEHTOB YCTA@HOBHBLIMXCA COCTOAHHA 4H 
HauaJIbHBIX 3HaYeHHA ad cCeMM CHCTeM yKa3aHbl B Tabu. 1. 
OHH BBIYHCIeHEI C MOMOLMIbIO pa3sO%KeHHA NepelaTOUHOK PyHKWAH 
CHCTEMBI NO MpaBHaAy WeeHHA MHOFOUeHOB, ONMCaHHOMY B MpH- 
nonwKeHnun | cratou [1]. 


Cocmasnzniwmue nepexoodxoz0 npouecca OAA cucmem 
V, Vi ua VII munos 


YpaBHeHHs LA COCTABAAIOWNUX NMepexOAHOrO Npowecca CHCTeM 
V, VI uw VII 'tunosp nmpuBenzeHbht HwKe. YpaBHeHHA AAA ApyrHux 
CHCTeM COCTABeCHHI B CeAyIOUeM pa3sene ANA MAMOCTpauun 
mpouecca BbIYHCCHHA MepeXOAHbIX COCTABIAIOWWAX. 


CHCTEMA V THITA 
Bupaxkenve As ilepexOAHBIX COCTABAMIOWHX OWIHOKH CHCTeMbI 
Oy eT : | 
T’ t —0,1750 ¢ 9 —So,t * f 31 
n(t) = Kine © + | Kon | e sin (Wo + n); (31) 


Lo, == 0,540,, (32) 

W) == 0,88u,. (33) 
KoscunuexTH STOrO NepexoaHOrO Mpotecca CBeMeHH BTaG.. 2. 
Ota cucTeMa COBMaaeT C CHCTeMOM, PacCMOTPeHHOH B paooTe [1]; 


BHIYHCAeHHe COCTABARIOWUX NMepexoazHoro mpouwecca mpuBezeHo 
B NpHaoKenHH K padorte [1]. 


rae 


TaGauya 2 
- KOSPUL[MEHTH -COCTABJIAIOUIMX MEPEXOZHOPO IPOUECCA | 
Ba CHCTEMH V THITA 








—2 | +0,00507«* 2,88? — 57,3° 
tte ] 0,0290e, 2,790 —, 178,8° 
0 0,166 2,70 59,7° 
1  0,949/a% 2,61/a¢ — 61,8° 
2 — 5,42/w? | 2,53/w* 176,7° 
3 309/02 2,46/w% 552° 
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CUCTEMA VI THIA | 
BuipaxkeHe If M€PeXOMHbIX COCTABAAIOWWUX OWMOKM CHCTeMbI 


uMeeT BUA 
T’ (t) = e7%ct (K,, +K,,f+K,n). (34) 


KosbuuvexTbl yKa3saHnt B Taba. 3. 
y Tabauua 3 
KOS@®HUVEHTH COCTABJIAIOULUX MEPEXOAHOPO TPOUECCA 
QJid CHCTEMBI VI THIMA 


n Kin Kon Kn 
—2 Bue — Swe ws 
— 0 305 — o> 

0 ] | We —_ we 
J 0 ] : We 
2 — 3/w5 — 3/a¢ ae | 

3 8/8 5/05 1 /o¢ 


CHCTEMA VII THITA 


BpipaxkeHwe JIA MepeXOMHbIX COCTABAAIOULUX OWHOKH CH- 
CTEMbl HMeeT BHUJ 


Tn (t) = ee! (Kin + Kont + Kant’) + Kine "ec". (35) 


Kosmduuventh MmpuBexenbt B Tas. 4, 
: Tabauua 4 
KOS@PHUMEHTH COCTABJIAIOUIMX MEPEXOQHOPO MPOWECCA 
AIA CACTEMDI VII THMA 


n Kin | Kon | K3n | K4n 





—2 2,940% — 4,7403 0,929.4 0,00031 1 w? 
a 0,00311, 2,9302 0,9730% | —0,003110, 
0 0,967 0,922w¢ —~ 1,0230% 0,0327 
| 0,343/w, 1,293 1,0750, | —0,343/o, 
2| —4,34/o% -~ 3,73/6 1,13 3,66/0%, 
3 11,20/08 6,51 /o%, 1,18/0, —- 37,8/0* 
4 | — 21,8/08 — 9,35 0° — 1,27 u's 400/04 
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Cocmasantimue nepexodxoz0 npouecca OAR cucmem 
| I—IV munos 


CUCTEMA I THITA 


Jina cuctemn I Tuna mepeqaTounaa cbyHKiua OWMOKH (CM. 
dur. 2) paBHa 





Sete 36 
Xj S++ W, ~ ( ) 


Jina enuunmunoro ckauka Ha Bxone X;(s)=— l/s, a X, (5) paBHa 
NO3HILMOHHOM) cocTaBAsiolleH MepexogHoro mpouecca To(s) 











: 1X, 1 
X9=T0= 5 He =r (37) 


O6patHoe npeobpasopanne aet | 
xe (t) = To(t) =e °C. (38) 


Ypasnenue (11) nokasniBaeT, 4YTO NOMOC NepBoro NopsAKa 
NepexoaHok cocTapraoued mpu cKauke 1-A mR OOS MO?KHO 
BhIPasHTb CAC AYIOWWHM OOpasomM: 


, L L 

Tn)= dpKine! = YB et, (39) 
| t= l=1 

roe Kj,—KoO9pPuuweHT peakUMH Ha CKaYOK AAA MOMOca S; 
Hu Kj,—COOTBETCTBYIOWWMA KOSpuuMeHT peaKUMH Ha CKaYOK 
n- mpousponHoh. CrenoBatTenbHo, oOulee ypaBHeHHe 1A 
cocTaBlaiouleh MepexogHoro mpouecca Ha CKayOK -f Mpons- 
BOAHOM cucTemMbl | THNa 3anuWweTca B Bue 


@ = og 
CHCTEMA II THITA 
Xe $+ 0,11 la¢ (41) 


— 


Xp s+ i,lllog ° 


Jina eMHuuHOorO cTyneHYaTOrO BOsAeHCTBHA Ha BxXOAe 


mea 





TAO= (40) 





to! oy (s+0,llo,) 0,1 09 
we) rem) ears rere ES =; + syTl. (42) 
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O6OpatHoe NpeoOpasoBaHuve HMeeT BAL | 
Xo(t) = Co To (t) = 0,1 10,987 ete? (43) 


Torga o6ulee ypaBHeHve AA COCTaBAMIOWleH MepexoAHOrO Mpo- 
Wecca Ha CKaYOK f#t-f MpPOH3BOQHOH 3aNMeTCA B BULe 


' 0,9e—t tee 0,9] sitet . 
VO =" Aline 1)"0,9| | eve (44) 


CHCTEMA III THIIA 


Xe __—_S (S +f 40¢) 
Ky GF Bo (%) 





Jind @MHHYHOrO CKauKa Ha BXONe HMeeM 


, 4w 1 2W¢ 
X= Te) = SES = oe tego: 6) 


O6patTHoe MpeoOpaso0BaHHe TaKOBO: 
Ty(f) = (1+ 2u,t) eet - (47) 


TlockoubKy 9Ta CHCTeMa HMeeT NOMO0C BTOPOrO NOpsAKa, TO 
y paBHenve (39) NpHMeHATS HeIb3A. BMecTo Hero CHeayeT MCMOIb-. 
30BaTb Ooslee OOulee COOTHOWIeHHe ypaBHeHHa (13), KOTOpoe 
NPHMe€HHMO KO BCeM MepedaTOUHbIM PyYHKUMAM HW paBHO 


Ty t)= | Tes (Oat. | (48) 


TakuM oO6pa30M, COCTaBAIOWNe MepexoAHoro Mpolecca oT 
CKa4YKOB NPOH3BOQHBIX NOyualOTCA HHTCPPApOBaHHeM, a COCTAB- 
AaouLue OT CKAYKOB HMHTerpaioB— AnddepenuuposBanuem. Jina 
WHTEPPHPOBaHHA UCMOAb3YIOTCA C1eAyIOUlMe paBeHCTBA: 


fe du == —e-%, (49) 
[ we-du—=—e“(1++-u), _ (50) 
fee du = — e-¥*(24- 2u-+ u?). (51) 
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| 
YpapHenna (49) wu (50) maior cocTaBasioumMe nepexoaHoro 
npouecca : 


7 —e7 2% 
T Q= (AO dt = —** (14-,t), (52) 


no= fio sieel = sald (1+3"), (3) 


_ 


Ypapuenve (51) HeoOxonMMO ApH paccMOTpeHMN CHCTeMLI 
C MOAIOCOM |, TpeTbero mopagzka. Jina Noayyenua nmepexodHbix 
COCTABJAIOUWHX Ha CKAYOK MHTerpata BEINOJHAeM AUdepenwupo- 





BaHHe: | 
TiQ=—TiQ= —Z TH) = (20,) Queer, (64) 
Ts Q=FT1O) = (20,) e-*¢¢ (1 — 20,4). (55) 


CHUCTEMA IV THIIA 
Ke __ S (s + 0,740.) 
Xs? + Ro stor ’ 
roe C= 0,43 u o, = 0,860,. Jina emunwunoro cKauka Ha BxXOse 
X,(s) paBya 


(56) 








Se Ko K3 
X, (8) = 7T9(s) = pt 
(8) = T0(9) = Ekg — Jag) + Galo? OF) 
rae | 
w (4-—90° 
Ky= ae" 8 (58) 
6 = arc cost, (99) 
Wy = O, V1—e. (60) 
SHayeHHe Momlo0ca B BepxHef nomynuocKocTH 
| — Co, + jp = —w,e-*. (61) 
CrenosatTeabHo, kosdpuunent K, mo ypasHenuio (39) paBex 
eae (62) 


© (ben fog)” (one 
lloacTaBaaa B ypaBHeHve (62) BLipaxkenue aaa Ky 43 ypaB- 
HeHHa (58), mMoOAy4uHM 


—— n i- ; ° 
Ramen! tien) % pf (n+1) 8-909] (63) 
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CoctTaBinioulad MepexowHoro mpouwecca Ha CKa4OK n-f MpoKs- 
BOAHOH paBHa 


T(s)= 


* 


Kn + Ky, 
S+-Con— jog © S+ Son + Joo 

Haftinem oOpaTHoe npeoOpasoBaHve HM, MOACTABHB BbIpaxke- 
Hie 1a K, W3 ypaBHenua (63), nozy4uM 


Ti (t) = (Pn 9 nt sin [oot + (a+ 1) 8}. (65) 


Mo 


(64) 


IloacTaBaaaA 3Ha4ueHHA NapaMeTpoB, OyeM HMeTb 


ea e 86° sin [0,7760¢ + 
’ c 


+ (n-+- 1)64,5°}. (66) 


T,, (t) = 
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K PACYETY HEJIMHEAHbIX 
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5. OBOBLIEHHbIM METOJ, ONPEXEJEHHA YACTOTHbIX 
XAPAKTEPHCTHK SAMKHYTDIX HEJMHEAHbIX CHCTEM 4) 


JI. [Ipuny 


Baezenne 


UacToTusi anaiH3 HeJIMHeHHBIX CHCTeM aBTOMATHYeCKOrO 
peryHpoBaHua Cc OOpaTHOH cBA3bIO MpenctTaBaaeT co6oH pe- 
3YAbTaT PasBHTHA H3BECTHOFO MeTOa pacueTa AHHEHHBIX CHCTeM. 
Tlockoabky moBeenwe HeHHeMHEIX CHCTeM He MOKeT ONNCHI- 
BaTbCd OOLIKHOBCHHEIMH AMHeHHEIMH AudpepeninabHEIMH ypaB- 
H€HHAMH C MOCTOAHHEIMH KOSPPUUMeCHTAaMH, TO JIA HX He CIIpa- 
BeEAAHB MpPHHWAM CyMepno3svuuH WH, CneAOBaTebHO, YaCTOTHHA 
aHanH3 He HMeeT CMBICa. OnHaKO C NOMOUIbIO YACTOTHOPO aHa- 
J1M3€ MOOKHO |MOJIYYHTh BaXKHbe CBEQCHHA O HeEAMHEMHBIX CHCTe- 
MaX, KaK 9TO MOKa3saHO B pabotax Koxen6yprepa [{1, 2], Txou- 
cona [3] 4 ap. 

Han6onee WMpokO MpuMenAeMBIA MeETO OCHOBAH Ha mpen- 
CTABIC€HHH HeAMHeEMHbIX SACMEHTOB C MOMOLIbIO OMNHCHIBAIOLUUX 
PyHKUMA, KOTOPHe Mp HCNOAb3OBaHHH YaCTOTHOM xapakTe- 
PHCTHKH Pa3OMKHYTOH CHCTeMBI OOerualoT aHanM3s H CHHTe3. 

Baarogapa HCNOAbSOBaHHIO OMHCHIBAaIOULMX yHKWWA MOMKHO 
OnpeAeAHTb, |MMEeTCA JM OMACHOCTb BOSHHKHOBCHHA HesaTyxalo- 
WMX KONeOaHHA HAH HeyCTOMYMBOCTH H KaK TaKMX aBjeHuit 
MOXKHO H36exaTb. K comkaneHuio, He HMeeTCA OOMIerOo MeTONA 
ONpeeeHHA) YUACTOTHOM XapaKTePHCTHKM 3aMKHYTOM CHCTeMH; 
CCHOBATCbHO, AAA 34MKHYTOM CHCTeMbI MOXKHO, BOOOLLE roBOps, 
NOJY4HTb KOJMYECTBEHHBIC CBERCHHA JIMLIb Mpa paccMOTpeHuH 
yCTOhuHBocTH. Baarodapa anpOKCHMHpOBaHHlO0 HeAMHeMHHIX 9.1e- 
MEHTOB C NOMOLIbIO SKBUBaIeHTHOTO KOSPpuUNeHTa yCHAeHHA 
MOXKHO TaK yMpPOCTHTb MATeMaTHYeCKHe ypaBHeHHA, YTO yMaeTCA 
NerKO OMPeAEJMTb YACTOTHBIE XaPAKTePHCTHKH MHOTHX 34MKHy- 
THX HeJHHCHHbIX CHCTeM. 

YacToTHbl MeTON ABIACTCA CNeWHabHHIM METOLOM, KOTOpHI 
noseseH Mp H3yYeHHH MOBeAeHHA HeKOTOPOrO K1acca HesnH- 








1) Prince L. T., Jr, Trans. AIEE, Patt Il, 78, 217—224 (1954), 
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HefMHbIX CHCTeM, TIPHyeM ONpeleeHHe YACTOTHBIX XaPaKTePHCTHK 
SAMKHYTOH HeJHHeEHHOH CHCTeEMbI MO2KET PaCCMATPHBAaTbCA KaK 
RONOMHeEHHE K CYLLECTBYIOWeMyY YaCTOTHOMY MeTOYy. LleHHOCTb 
MeTOMa MO)MKHO YCTAHOBHTb JIMIUb C MOMOLbIO MpHMeHeHHA ero 
K KOHKPeTHbIM 3aa4aM. 


QOKBMBAJICHTHBIA KOSPDAUUHEHT YCHIeHHA 


IIpuMeHeHve 4aCTOTHOTO MeTOZa K aHaIH3y HeJIMHEMHBIX 
CHCTe€M 34BHCHT, BOOOWLe TOBOPA, OT 3aKOHHOCTH JByX Mmpel- 
mosowKeHHh: 1) rapMOHMKaMH BBICOKOTO MOpANKa Ha BbIXOMe 
HeMHeHHOTO 3/eMeHTa MOXKHO MpeHeOpeyb BCeACTBHe uAb- 
Tpyioulero AeHCTBHA CHCTeEMbI ABTOMATHYeECKOTO pery.1MpoBaHnA; 
2) BXODHOM CHTHa, NOMAaBaeMbIM Ha HEIHMHeEMHBIK 91CMeEHT, MO2KHO 
CUHTaTb CHHYCOMAAJIbHbIM. 

Ha ocHospe 93THX MpexnonOKeHHH OObINHO NMpeACTaBAAIOT 
He/JIMHeCHHDIA SeEMeEHT MpHOWKeEHHOK MepenaTouHOH dyHKiwueh 
Aaa TOTO, YTOObI MOXKHO ObIIO MpPHMeHHTb ONepaTOPpHHI MeTOA 
KO BceH cucTemMe. Toraa MHOrMe MeTOJbI AMHeHHOTO aHanusa 
MOXKHO pacipocTpaHuTb Ha HeAMHeHbIe CuCTeMpbI '). 

TIoHATHE SKBUBANeHTHOTO KOSMPUUNeEHTA YCHAeHHA CXOJHO 
C NMOHATHeEM OMHCHIBalOLeHh PYHKWHH, HO OOMamaeT HEKOTOPbIMH 
MIpCHMYLLECTBaMM Mp aHamH3e 3aMKHYTBIX CHCTeM. OMNHCbIBalO- 
Wad PYHKUHA OMpememAeTCA KaK KOMIMICKCHOeG OTHOLICHHE aM- 
MIMTYLbI OCHOBHOM rapMOHWKH Ha BbIXOMe K aMMAMTyWe CHHy- 
COHMaIbHOrO CHrHadta Ha BxXOMe HerMHefHOrO 9emMeHTa. Kom- 
MI€KCHOe€ OTHOWIeCHHe MAKCHMA@IbHOrO 3HaYeHHA BBIXOMa K Ma- 
KCHM@JbHOMY 3H@4eHHIO BXOJa HeJMHeEMHOTO 3BeHa XapakTepH- 
3yeT 9KBUBAIeHTHBIA KOSPPNUMeHT yCueHHA. Pasnnune MexKLY 
TEPMHHaMH ,HeAWHeHHbIA 9eMeHT® HW ,HeAHHeHHOe 3BeHO" CO- 
CTOHT B TOM, 4TO MepBEI COMepxKUT B CeOe BTOPOe MOC AM- 
HeMHbIe 3eMeHTHI. UToObl yNpOCTHTb HeJMHeEHHbIe yYpaBHeHHA, 
OOLINHO 34MCHAIOT HCTHHHbIGC XAPaKTeEPWMCTHKH HEJIMHEHHOTO 9V1e- 
MeHTa KYCOUHO-JHHeMHEIMH. STO ynpomenne OObIYHO MpPOBOLAT 


1) PaccMaTPHBaeMbIH 30€Cb METOA ABAACTCA METONIOM 3KBHBAACHT- 
HOH HIM TapMOHHYeCKOH MHHeEapH3saynH. OcHOBbl 3TOTO MeTOAAa 3aJ0- 
2xKeHDI B padotax H. H. Kppiaosa u H. H. Boromo6osa u B AadbHei- 
WIEM Pa3BHTbI COBeETCKHMH yueHbIMH (cM., HampuMmep, Ilonos E, IT., 
JluHamuka CHCTeM aBTOMaTHYeCcKOorO perylupoBanna, [ocTexu3yat, 
1954). — [7pum. ped. 
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Af TOTO, HTOOL! ONpeReANTh MpocToe aHaNHTHYeECKOe BbIpa- 
*KeHHEe, CBASLIBAIOLee MEPeMeHHHe HeAMHEMHOH CHCTeMBI ‘). 
I]pH HCMOAbSOBaHHH YaCTOTHOrO aHalu3a ONpeweneHve 9KBH- 
BaJeHTHOTO |KOSPMHLKEHTA YCHCHHA yKa3biBaeT HA CYyLLeCTBO- 
BaHHe PUHKTHBHOM CHHYCOHAB Ha BLIXONe HeAMHEHHOTO 91eMeHTA, 
HMeIOWeH TOT Ke MepHOT, YTO W CHHYCOHAAa Ha BXOMe, HW TO Ke 
MIMIMTYAHOe 3Ha¥ueHHe, 4TO H UMCTHHHBIA BbIXOA HeMHeHHoro 
9/leMeHTa, KaK 9TO MOKa3aHO Ha dur. 1. Crporoe ananutuye- 
Ckoe OG6OCHOBaHHe YTOTO ONpedenenHHaA B ITOK CTaTbe He aeTca, 


Buixod 6e3 ospanuyexnun 





, Leitcmoumencxoity svixod 
60 BPEMA OzpuHUYeHUA 


— wee tee ee ee — i _ oe eee cw wee oe 





Betxod arzemenma c vepaxayenuem 


Cunycoudaaenar 
anpoxcumaiun 


Pur. 1. Cunycongaapyple OpMb! BLIXOAHOrFO CurHada 
_ HeaMHeHHOrO 97eMeHTa C OrpaHHyeHHeM. 


OAHAaKO 2A|/MpOBepKH OWHOKH, BBOAMMOM TaKOM anmpoKcuMa- 
uneh, OblH| NOAyYeHb! pelieHHA C MOMOLIbIO MOZeeH. ToKa- 
KEM, KaK MODKHO ONPeLeHTb YACTOTHYIO XApaKTEPHCTHKY 3aMK- 
HYTOM HeAHHeEHHOM CHCTeMBI, MpeacTaBAAA HeEAWHeHHHIA 91eMeHT 
yHKUHeH SKBHBaeHTHOrFO KOSPPHUHEHTA YCHeHHA. 





OBO3HAUEHHA 


K —Kos@uunenT ycuenua; 
G(s) — nepenzatounaa PyHKuHA aMHeAHOR uacTH, 3aBHCa- 
Wad OT YaCTOTH; 
k (y)—- 9KBHBaeHTHEIA KOSPDALMEHT yYCHeHHA; 
- Y—+BXON HeAHHEHHOTO 91eMEHTA, 


1) B pa6ote A. 3. Uninkuna (Asmomamuxa u menemexanuxa, 
17, Ne 4 (1956;) yka3aH YNPOWeHHH MeTOX BHIYHCAeHHA SKBHBaCHT- 
HOrO KOSIPDPHUNeEHTAa YcureHuA HEAMTERHONS 3BeHa NO ero a 
pucTuKe. a dons deo, 
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y’ — BbIXO], HeAMHeHHOTO 9/1eMeHTA; 
);— yipaBasioulee BOs meHCTBHe; 


0, — BLIXOA CHCTeMHI; 
0,——NepBad MpoOv3BONHad BbIXOMa CHCTEMHI; 


0, — BTOpad MpOW3BODHaA BbIXOMa CHCTEMHI; 
$—Mmepemennaa Jlananaca, 
f{k(y)|— pynkuna sKBHBaneHTHOrO KOSPuMeHTa ycuue- 
HHA; 
4), — MaKCHMaJbHO BO3MO2KHOE 3Hayenne §,; 
w— yruoBaa yacTota [pad/cex]; 
W,9 — COOCTBEHHaA 4YaCTOTa CHCTeMbI Np paooTte Ha AN- 
HeHHOM yuaCTKe XapaKTePpHCTHKH; 
Co — KosPuUNeEHT AeMMPHpOBaHHA CHCTeMbI MPH pa- 
O6oTe Ha JIMHeEHHOM y4aCcTKe XapakTepHCcTHKH; 
“4 == w/W, 9— SOe3spa3MepHan yraoBad 4acToTa; 
Ty, —— MOCTOSHHaA BPpeMeHH ABHraTeia. 


YUactoTHad XapaKkTepHCTHKAa 3AMKHYTOH CHCTeMbI 


Ha ur. 2 mpeacTaBieHa cCTpyKTypHaHd cCXeMa CHCTeMBI 
ABTOMATHYeCKOrO peryAMpoBaHHA C OOpaTHOM CBA3bIO, COJep- 





Pur. 2. CrpyktypHas# cxeMa HewWHHeHHOH CHCTeMBI 
aBTOMATHYECKOrO peryaHpOBaHHA C OOpaTHOK CBA3bW. 


*Kauleh HeAWHeMHEIA 9/IeMeHT. OKBHMBACHTHEIM KOSPDULMEHT 
yCHleHHaA HeHHeHHOTO 9eMeHTa OOO3HaYeH Yepes R(7). Ilo 
CpaBHeHWIO C ONNCHIBalOWLeH GyHKUMeh, KOTOPad MOXKeT 3aBH- 
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CeTb KaK OT YACTOTEI, TaK H OT AaMMAMTYAb, SKBHBaIeHTHbIA 
KOSULLNEHT YCHeHHA 3aBHCHT TOAbKO OT AMMAMTYDH BXOL- 
HOrO CHrHada, eCM CTATHYeCKaA XapakTePpHCTHKA HeAMHeHHOrO 
Q9/@MCHTA NOAHOCTbIO ONHCLIBAeT paOoTy 9eMeHTAa, T. €. ECAH 
B HeJMHEMHOM 9JICMCHTe HET MCTOUHHKOB SHEPrHH (NO3sqHee MBI 
Ha 3TOM OCTAaHOBMMCA NMonpo6uee). Ecawu Ha BxO2 CHCTEMBI, 
moKa3aHHoH ‘na cur. 2, momaeTca PHKCHPOBaHHWA CHHYCOMaJb- 
Hb curHat|9,, TO mocne 3aTyXaHHa BCeX MepexOAHbIX ABAeHHA 
KOOpanHaTa!y OyweT yCTaHOBMBUlefica CHHYCOMAaIbHOH BeAH- 
UHHOH H, CHeZOBaTeIbHO, BemHuMHa R(y) OyleT nocToAHHOH. 
OKBUBATCHTHEIA KOSPDHUMEHT YCHIeCHHA ONpeermneTca W3 Cwe- 
AyOulero COOTHOMIEHHA; 





es 
aE, (1) 


NOCKOJbKY {° MOKHO ONpeweAHTh Us CTATHYeECKOH xXapakTepH- 
CTHKH HeAMHeEMHOTO 9aeMeHTa AAA BCeX 3HaNeHHA 7. OHaKO 
eCAM aMMIWTyYAa WAM YaCcTOTa BXOAHOTO CHrHada 9; H3MeHATCS, | 
oT R(x) MpuMeT HOBOe 3Ha4eHHe, TaK Kak Ha 3HAa4eHHe aMILIH- 
TYLH Y BAHAIOT mMOOble usMeHeHHA 0;, CaenosaTenbHOo, FR (y) 
MOXKHO paCCMaTPHBaTb KaK KBa3HMOCTOAHHOe YCHJIeHHe, a HE- 
AMHEMHBIA SeMCHT MOXKHO NpeACTaBUTb MOCpeACTBOM PyHKWMH, 
S4BHCALLCH OT AMILIMTYAbI. 

YacTtoTuad XapakTepHCTHKa 3aMKHyTOM CHCTeMBI, mpezcta- 
BNeHHOH Ha, ur. 2, ompemenaeTCA CieAYIOULMM ypaBHeHHeM: 


Go) _2 (1) K1KaGs (S) Ga (5) 
0; = 1 + k (1) KyKaG, (s) Gs (s)’ (2) 


rae s== jw.| Pemienne STOrO ypaBHeHHA HeJIb3A MOYYATb, Tak 
Kak 0, u k(y) HeusBectubl. Tlockombky k(7) pw ycTaHoBHB- 
WUeMCA COCTOAHHH MOMKHO MpeACTaBHTb Kak KBa3HMOCTOAHHOE 
yCHleHve, TO MOXKHO MOCTPOHTb CeMeHCTBO YACTOTHBIX XapaK- 
TEPHCTHK 3aMKHYTOM CHCTeMbI, cuuTaa R(y) MapameTpoM. OTH 
KPHBbI€e MOMKHO ONpeweAWTb MO Ce AyIOULeMY yPaBHeHHO: 





Ga hn (1) KaKa@s (5) Gy (5) 
Uo — _ en (1) KiKa@i (s) G3 (8) _ 
a, FS Bu ON TE (a) Kika (5) Ga (8) ®) 


FE HHUeKC |t yKasblBaeT Ha 3HayeHHe R(y) AAA KaxkKDOM oOT- 
ebHOK KpHBOM. Takwe cemMefcTBa aMNAMTYJHBIX HW (PasOBbIx 
XapakTepHCTHK 3aMKHYTOM CHCTeMbI MpHBezeHb! Ha ur. 3. 
EcaW NOCTpOeHO MOCTATOUHOS YHCAQ STHX KPHBEIX B AMala3zoHe 
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BO3MOMKHBIX 3HaveHHA R(y), TO TOYKM YaCTOTHOM XapaKTepu- 
CTHKH 3A€MKHYTOM HeJHHeEHHOM CHCTeEMbI AAA Pa3H4HbIX 3Haye- 
HHH aMMAMTyAbl U YaCTOTHI BXOAHOTO CurHana 8; OyayT Haxo- 
IMTbCA Oe-TO Ha KPHBLIX MOCTOAHHOTO 7 
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Pur. 3. UacToTtHble xXapaKTepHCTHKH 3aMKHYTOH cHucTeMbI C & (7) 
B KayecTBe MapaMeTpa. 


OTH TOYKH MOXKHO TOUHO pacnOAOKUTb, ECM BeMUMHA R (7) 
OnpeneseHa Kak QyHKUHA aMMIMTYAbI KH YaCTOTbL yimpaBusio- 
Wero BO3LeMCTBHA MpH padote B 3aMKHYyTOM CocToasHHH. Mertoag, 
MPHBeAeHHLIM B STOM CTaTbe, MO3BOAMeT ONpeeruTh R(y) 110 
ypaspyenuaM (1) uw (3) c HCNOb3OBaHHeM CTPyKTYPHOH CxXemMbl, 
H306paxeHHOHK Ha (pur. 2 


AHaauTH4ecKkoe ONpemenenHe k(Y) AAA 3AaMKHYTOH CHCTeEMBI 


Vicnoab3ya MpvOAMKeHHyIO CTaTHYecKylO XapakTepHCTHKy 
HEJMHEMHOTO 9.IEMCHTA, MOXKHO MOAYYATb aHaIMTHUECKOe BbIpa- 
*KeHHe Id R(y) KaK HEKOTOPylo @yHKUMIO Y, YMHOMKEHHY!O Ha 
MOCTOAHHY!0. OOpaTHO, Y MOXKHO ONpeAeAMTb KaK MpousBele- 
HHe MOCTOAHHOM Ha HeKOTOpy!O yHKuuiIo OT R(7); CleqoBa- 
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TebHO, AH60 R(x), 160 Y MOXKHO paCCMATPHBaTb Kak He3a- 
‘BUCHMy!O MepemenHy!O. B 9TOM K4I0OU K pelleHHiO HeaHHeMHOrO 
ypasrenus. | Bo3MOxKHO NO“AyaHTb Ba ypaBHeH¥A”, B KOTOPBIX 
HEH3BeECTHLIMH OyAyT TOMbKO R(y) uy. Iipunuman R(y) B Ka- 
“UeCTBE He34BHCHMOM MepeMeHHOH, MO2KHO OAHOBPeMEHHO PelIUTb 
9TH Ba YPABHeHHA, HCKJIOUHTb Y WH ONPeReAHTb, TAKHM OOpa- 
30M, R(y) Kak *byHKUMIO aMNAMTYAbI WM YaCTOTH yipaBasioulero 
BposmeftctBug. Onpenenus Ry), MOXKHO NOJYUHTb YaCcTOTHYIO 
XaPaKTePHCTHKY 3aMKHYTOM CHCTeMbI H3 CeMeHCTBA KPHBDbIX, 
NIOCTPOeHHBIX MO ypaBHeHHlO (3). 

C HMOMOULbIO CTPyKTYPHOH CxeMBI, H300paxeHHOA Ha cur. 2, 
MOKHO ONPeeWTb MepeAaTOYHy!lO MYHKILHIO, CBASHIBAIOLILY!O 
mipeoOpasoBanne Jlanaca BxOJa HeAMHeEMHOrO 971eMeHTA Y C MIpe- 
o6pasopannem Jlanaaca-ynpaBasioujero BosneficTsus 9; Ha BxORe 
CHCTeMbI. OTO ypaBHeHHe MerKO MOAyyaeTCA H3 NepeaTOUHOk 
(byHKUMH 3aMKHyYTOH cucTembl (9,/9;) (s) H GymaeT uMeTb BUHL 


ee ey oe oe 
&)=(2Ol men’ (4) 


rae (8,/8;)(s) onpeaeasetca 3 ypaBHenusa (2). 

Paspewims ypaBHeHue (1) OTHOCHTebHO Y H pa3sqenB Oe 
yaCTH paBeHCcTBa Ha 9;, NomyUHM Apyroe ypaBHeHHe, CBASHIBAIO- 
mee y H 9; 


ill 


STO ypaBHeHHe, NOMyueHHOe Mp paccMOTpeHHH CTaTHUe- 
CKOM XaPaKTePHCTHKH HeAMHeEHHOFO 9VIeEMeHTA, CBABbIBaeT BeAH- 
UHHbI, 34BHCALIMe TObKO OT aMNANTyib. Takum oOpa3om, MbI 
HMeeM JBa YPaBHeHHA, CBASHIBAIOMNe Be HeH3BECTHbIC BeJH- 
uHHEE k(y) Wy Co 3HayeHHeM 6; na Bxoge. IIpupaBHuBaa 9TH 
yPaBHeHHA, MCK/IOUHM Y WH MOAYYHM OHO ypaBHeHHe C OJHMM 
HEH3BeCTHBIM F (7): 





ey pecie (e 1 __ 9% | 
0; E a ~ R(1) KaGo(s) [ 0; (s)|. = (6) 
Siecb yoOHO clenaTb caenytouly1o MOJCTAHOBKY: 
a eee 7 :% | 
EO nO 
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re a—-noctosHHas, a f[Rk(y)]—HeKoTopaa dynkuua (7), 
KOTOpy!0 MbI OyeM paCCMATPHBaTb Kak (YHKWMIO 9KBUBACHT- 
HOrO KOIPuUMeHTa YCHeHHA. 

Onpenentum Tenepb 3HayeHHA A(x), KOTOpblIe yoBeTBO- 
pslioT ypasBHenuio (6). [lockombky ypaBHenne (6) cozepxKuT ne- 
peMeHHBIM Koomduuwent Ak(y), TO wemecooOpasHo oOTeAuTb 
PyHKWMH, COMepxKauMe R(y), OT OODIUHBIX AMHeEMHBIX NMepena- 
TOUHBIX PyHKWHA, Kak 9TO NpodetaHoO B ypaBHeHnH (8) 


re) eearrtecar |: (8) 


MooxKHO NpeAAOKUTD Ba MCTOMa pelieHHA STOTO HeAHHeH- 
Horo ypaBHeHua. Ecau sHayenna R(x) 3anaHb WM mpoOuoe 3Ha- 
yeHHe MCIpaBAdeTCA MyTeM yueTa BeAHYMHEE WH 3HaKa pesyJb- 
THpyloulef OWMOKH, TO MOTyT OLITb ONpeeneHbI 3HayeHHA (7), 
KOTOpble YOBIeTBOPAIOT ypaBHenHio (8). OGnlyHO 3TOT MeTOR 
NPHBOAHT K CXOJALLEMyCA pelleHHio, HO pacueT MpHxo_UTca 
NOBTOPATh JA KaKLOTO ynpaBasioulero Bo3aehcTBua 6;. Bonee 
NOMHOe pelleHHe MOMKHO NMOJYYNTH TpacwyeckHM MeTOJOM. 
IIpexae scero, nepenuuiem ypaBHenHe (8) Tak, 4TOObE MO?KHO 
ObI0 NMOCTPOUTb KPHBbIe AAA HECKOABKUX 3HayeHHH (7) 





5] K2G2(9)| = 





a 5 1 
i ]O2O|=[2 MO papal © 





Ilocrpoum Tenepb O6e 4acTH ypaBHeHHA (9) OTMeEAbHO Ha O2HOM 
HM TOM xe rpaduke. JleBad wacTb NpeacTaBaaeT CoOoK OOn4HyIo 
aMHeHHY!O “aCTOTHYIO XapaKTepHCTHKy, a MpaBadt “acTb— ce- 
MeHCTBO KPHBBIX, NOCTPOCHHEIX B PYHKUMH YACTOTHI, cuuTad R (7) 
napametpoom. ITponssenenue k(x) f{[k(7)] MOoxKHO paccMaTpHBaTb 
Kak YCHeHHe, KOTOPOe ABAAeTCA MOCTOAHHBIM MPH ONnpeeen- 
HOM 3HaueHHM A(x). Tlepeceyenua avnefHoh KpuBOM MW KPUBBIX 
ceMeHCTBa, MO/yYeHHBIX H3 MpaBoh uacTH ypaBHeHua (9), onpe- 
nest 3HayeHua R (7), YLOBACTBOPAIOUIMe YpaBHeHHW, Kak PyHK- 
UHH aMILIMTYAb WU YaCTOTH yipaBasioulero BosneficTBua 9;. 

OTH 3HayeHHaA R(y) MOKHO MpMMeHUTh AAA onpenenenua 
YaCTOTHOM XapaKTepHCTHKH 3aMKHYTOH CHCTeMbI MO CeMeHCTBaM 
KPHBLIX, MpWBeweHHHIX Ha dur. 3. C MOMOLIbIO ONMHCaHHOTO 
BILE METOMA OyeT NMpOanatMsHpoBaHa KOHKpeTHaA HeaANHeR- 
Had CHCTeMa, 
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OrpaHHuenHe yckopenua 


Ha qur.! 4 mpwpenqena cTpyktTypHas cxemMa CHCTeMBI C orpa- 
HHYeHHeEM YCKOPeHHA, H3 KOTOPOK BHAHO, 4TO HeAMHeHHHIA 97e- 
Me€HT pacmosoxeH B 4aCTH CHCTeMbI, CORepxKauleH MCTOUHMK 
9HeprHuu. BulpaxkeHve SKBUBaeHTHOrO KOSUUHeHTA YCH1eHHA 
HEMHeEMHOFO 9AeMCHTA 3aBUCHT OT aMILIMTYIH TOKO MOTOMy, 
TO 9T4 PYHKUWMA CBASKIBACT BXO HW BHXOD HeMHeMHOTO 9.ue- 
MeHTa H€3aBMCHMO OT TOFO, rae HeAMHeMHEIH 9eMeHT pacno- 
NOKeH B CHCTeMe. 











Pur. 4. Cuctema c orpanHyeHHem yckopeuna. 





VUcnoamp3sya ypapHenne (4), MOXKHO MOAYUNTh CeLyIOULyto 
cpyHKUHO: | 
1 (5) =| %0¢5)| —_* — 
5 = (8 Ol Rea ae 
rqe , 
8 
4, Y= a (11) 
Roky + S87 


CratTuueckaa: XapakTepHCTuKa HeAHHeMHOTO 9eMeHTa MOKa3aHa 
Ha ur. 5. H3 Hee MOKHO NOAYYHTh aHaANTHYeCKOe BbIpanke- 
HHe Aaa Rk(7): 


1 npu |y/</95| 


bide (12) 
w= mpa {11 >| Bol: 
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ITpumMenad ypaBneuna (5) wu (7), MOo”y4HM 
a Bo 1 
~ (7) 8; 


rhe Mbl MOJO%KMA ees a f[R(y)]) = 1/Rk(7). Ypapuenue (11) 
MOMKHO BbIPAsHTb B Cleaylouleh OespasmepHon dopme: 


npu |x| >{95|, (13) 








is a 1 = 1 
Gp he 2b VR) = ot 
ed an J [26] a 
onoh(1) Lie VEG) Vea! “FO 
rae (14) 


Hi 2 Ky a ® * 
Saja, ym Ky = AV Re om 2 


Ono H > O6O3HaYalOT COOTBETCTBEHHO COOCTBeHHYIO 4YacTOTy 
H KOI@MUUHEHT DemmdupoBanna cuctempl npH & (yj) = 1. Same- 
Had ypapHeHue (14) ypaBHennem (10), movwyuumM ypaBHeHnue, 
9KBUBaJeCHTHOE cai (4): 

ua 1 


5, (8) = = Sg 
FO jae 


(15) 





Pur. 5. Cratuyeckan xXapakTepHCcTHKa 
QJIGMEHTa C OrpaHHueHHem. 


Tenlepb MOKHO HCKJIOUMTh Y{; MpHpaBHMBaA NpaBble yaCTH ypaB- 
HeHHA (13) u (15), NonyuHmM ypaBHenHne 
6, 1 
—_. -— |= 
Ea oF 





| ur 1 
|— ahr eee mare (16) 
0 ae cles 
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KOTOpOe MOXKHO MpeoOpasoBaTb K BUHAY, MOMOOHOMY ypaBHe- 
HH1I0 (8), a2 HMeCHHO 


a, ua 


al | mae , (17) 


aa onpenenenun &(y) rpaduyeckuM MeTOZOM HeOOxXOAMMO No- 
CTPpOHTb CeMeMCTBO KPHBBIX MPH NMOCTOAHHBIX 3HAa4eHHAX FR (7) 


LN Lt EL LO a ae 
A ‘oo 
























6/8, , 06 
t 
A DD N © 


CUE 
NTE \NNGHEE 
TNINIT LINN 

SAP ees sate 1s 
Sidsscccee ll a eee 
ORE 








ae 
a- 
ee laeeamiaare Tt LT 
5 
© ~120 
a ae Stitt Se 
-160 Te =~ a 
ao 1) | | rr 
Ql 02 4 





i-. 


®ur. 6. Kpupsle noctosnHwx & (7), MocTpoenHbe no ypaBHenuw (18). 





kak MapaMerpa. AHaJIMTH4eCKH 9TO BbIpakaeTCa ypaBHeHHaMH (9) 
H (18), T. e. 
: é, 1 





(18) 








ua : : 
— ay tJ [Bol 2 


Ha dur. 6 npwBegzeno ceMeficTBO aMNAHTYAHbIX H asOBblx 
KPHBLIX, MOCTPOeCHHEIX B *YHKWHH uw MO mpaBOoH 4acTH ypaBHe- 
Hua (18), npauem A(y) MpHHATO 3a napametp. UacroTHaa KpH- 
Ban, MOCTPOeHHad mo vJeBoh uacTH ypaBHenHa (18), aBAneTCA 
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NpaMoH avHWef c HakK0HOM —12 06 Ha OKTaBy, Korda 4 OT- 
KaibipaeTca B AOrapHdmuMyecKoM MaculiTabe. Ota npaMowHHeH- 
Han XapaKTepHCTHKa TakKxKe MOKa3aHa Ha ur. 6 Aaa OAHOTO 


3HaueHHA @,,/9;. Ilepeceyenue sTof npamofi c cemeHCTBOM KpuH- 
BLIX MOCTOAHHOTO A(x) onpememaeT 3HayeHHA R(x), KOTOpbIe 
YROBAeTBOpAOT ypaBHeHHio (18), Korda # NpMHuMaeT pasaH4- 
Hble 3HaYeHHA, MpwyeM OTHOWeHHe ,/9; cuuTaeTcA mocTosH- 
HbIM. STO OTHOMeHHe MO2XKHO paCCMATPHBaTb KaK yCHueHHe 
KOTOpoe ONpenesaeT yacTOTy Cpe3a MHeHHbIX yHKuUMA. Ecau 
9TO OTHOIIeHHe H3MeCHACTCA, TO ONpeledneTCH HOBOe CeMeHCTBO 
gHayeHuh R(y), KOoTOpoe yAOBAeTBOpHeT ypaBHeHHio (18). Cue- 
NOBATeAbHO, R(y) ABAAeTCA MYHKUKeH w H OTHOWEeHHA Q,/9;. 

TlockombKy XapakTepHCTHKY 3a4MKHYTOM CHCTeMbI MO)KHO 
ONPeNeMUTb, NOACTABIAA BLIUMCIeHHbIe 3HayeHHA Rk (y) B ypaBHe- 
HHH (3) NpW onpexeneHHOK uacToTe, TO AerKO MOMKHO YCTAaHO- 
BHTb, KaK BJIMAIOT Ha XapaKTePHCTHKY 34MKHYTOM CHCTeMbI aM- 
niuTya HW YacTOoTa yipaBaAsioulero BosteficTBua O;. Ecru npo- 
uspemeHue k(7)f[k(y)] paspHo 1, Kak 93TO MMeeT MECTO AJA 
HemMHeHHOTO 9AeMeHTa Ha (pur. 5, TO MpaBan 4aCTb ypaBHe- 
Hua (18) GyneT TAKOM Ke, KaK HM ypaBHeHna (3). CaeqoBaTembHO, 
XapaKTepWCTHKa 3aMKHYTOM CHCTeMbI HW A(7) ONpedeAAIOTCA O1HO- 
BpeMeHHO. Jia HeAMHeHMHBIX S/IeMeHTOB, y KOTOpHIX k(y)f[R(7)] 
He PpaBHO eMHHWe, XAapaKTePHCTHKa 34MKHYTOM CHCTeMbI H R (7) 
OJKHbI ONpeAeJATbCA OTCIbHO. 

IIpumep HesHHeHHOrO 9/leMeHTa, Y KOTOPOTO yHKLMA SKBH- 
BaJleHTHOrO Kosdpuunenta ycuenua f[A(7)] He paBHa eAMHULe, 
npuBpeteH B I[]punoxKenuu. 


CpaBHeHHe AaHaJIMTHYCCKAX H OKCIePHMeHTAJbHbIX 
pe3y JIbTaTOB 


Jlorapudmuyeckne aMNAHTYAHbIe YaCTOTHbIe XapakKTePHCTHKH 
CHCTeMbI C OFpaHHyeHHeM YCKOPeHHA HW COOTBETCTBYIOUIME 3Ha- 


ueHHa A(y~) 21d OMHOFO 3HaueHHaA OTHOUIeHHA O,/0; npuBeTeHbI 
Ha dur. 6. YcweHHe HeAMHeHHOrO 9/eMeHTAa PaBHO eMHHLLE 


mo Tex Nop, noka 7 << @,. CnenoBatembHo, 4acTOTHaA Xapak- 
TEPHCTHKA 34MKHYTOM CHCTeMbI OyeT COBMaaTb C KpHBOli 


k(y)= 1, noxa dyHkunsa (0 ,,/9;) (1/2) He MepeceyeT KPUBy!O 
k(y)= 1. B Touxe nepeceyenna y= 0,. ITa TOUKa ABAAeTCA 
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TaKxKe MpeneiomM AMHeMHOK paOoTH cuctembl. Uactoty, coor- 
BETCTBYIOlWlylO STOM TOUKe, OO603Ha4uHM Yepe3s3 Uy. SnHayenne 
k(71), KoTOpoe yAoBneTBOpseT ypaBHeHHO pH “> U>z, onpe- 
AeIMeTCA W3) MepeceyeHua Tpapuka AMHeMHOM dyHKuMH HM KpH- 
BLIX k(7). oceeneiy Aad STO cuctemyl k(7) f[k(y)] = 1, to 








Pasa, 2pad. 





ae W, aie 





® ur. 7. igeroviue XapakTe PHCTHKH 3aMKHYTOH CHCTCMBI IID Ha- 
AHUHH OFpaHHCHHA YCKOPCHHA. 
Bepxsnh be packeTHble AaHHble; — — — aHHble, NOAYYeHHHE C 


NOMOMIbIO MOJCH; HAKHNA Ppaduk: @ — pacuerune AaHHble; X ~~ MaHHble, 
NOAYYCHHRE C NOMOUbIO MOZeAH. 





YaCTOTHAA XAPaKTePHCTHKA CHCTeMBI 6y Met TakxKe pacnosmaratsca 
BOJb KDHBOM AMHeHHOH yHKUMH, KOTOpad ONpenenneT sHaye- 
Hua R (7). 

V3 ur. 6 BUAHO, 4TO (8,,/9;) (1/u?) u KPuBbIe mocTosit- 
HBX R (7) nepecexarorca Mp YWacTOTaXx, MCHbUIMX YacTOTH Up. 





14 Sax 2956, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


210 J. Mpurij 
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Onnako 3TH 3HaveHua k(y) He pearM3syiOTCA MO Tex NOp, NoKa 
He YCTAHOBHTCA HeaHHeAHbI pexumM paOoTb, T. e. Koraa 
yckopeHie B CHCTeMe OyeT OrpaHnyeHo. OTO ABJeHHe OOBINHO Ha- 
3LIBaeTCA THCTepe3HCOM XapaKTePHCTHKH HIM CKA4KOM YaCTOTH, 
H OHO MpOHCXOAMT BCAeACTBHe HadMyMA MMamaso0Ha YAaCTOT, 
B KOTOpOM &(7) MHOorosHauHO. CaBur cbasbl CHCTeMbI MO?KHO 
OnpeweHTb MO cemeficTBy *asOBbIX KPUBbIX, MOCTPOCHHbIX NO 
ypasHennio (14) c samenof R(7) Ha Rk, (7). Uenoub3sya sHaye- 
Hun R(x), oOMpedetenHple MO ypaBHenuio (18), Hafiqem 3HayeHHe 
(pa3bl, HAaHOCA Ha rpadukK TOYUKH, NOyyeHHble MpH NepeceyeHHH 
KPMBLIX NMOCTOMHHOrO R(x) C OMpeMeAeHHDIMH 3Ha4yeHHAMH u. 
OTH TOUKH JAA OMHOrO 3HaueHHA 4/9; TaKoKe MOKa3aHbl Ha 
dur. 6. 

Uro6nl onmpedeauTb OWHOKY, BBOAMMYWO alpoOKCHMalivel He- 
NMHeHHOFO 9CMCHTA IKBUBAJCHTHBIM KOIPMULHEHTOM YCH.IEHHA, 
Ha dur. 7 MpwBeweHbl aHaMTHYeCKOe pellleHHe HM peLleHlie, 
NowyyeHHoe C MOMOLLbIO MOJeAM IA HeECKOJIBKUX Pa3/IH4HBIX 


sHayeHHh @,/6;. Jlerko BuleTb, YTO B OOWEM HMeeTCA COBMa- 
eHHve M@KAY NpHOWKeHHbIM PeLIeHHeM WH TOYHBIMH pe3y/IbTa- 
TaMH, MOJYYeHHBIMH Ha MOJeJH. Sa BpeMA 9KCNepUMeHTAJbHOK 
pa6oTnl He ObI0 BO3MO2%KHOCTH NOJYYHTb CTOMbKO Ke TOK 
B HeAMHeMHOM O6sacTH aia a <i Up, Kak MW pH anaause. IIpu- 
uHHa STOFO B JaHHOe BpeMA He BbIACHeHa. GHaYMTeAbHbIe THyl- 
HOCTH BCTPeTHAMCb MIpH ONpedeneHHH STHX TOUeK C MOMOLIbIO 
MOJeAM, TaK KaK OKa3a0Cb, 4TO paccMaTpHBaeMad OOaCTb 
aBideTcA nonyycTrohunpoh. MooxkHOo BHeTb, YTO YaCTOTHAA Xa- 
PpakTePHCTHKA B HeJHHeEMHOM O6nacTH ONperemAeTCA C MOMOLIbIO 
XapaKTepHCTHK OTCJbHEIX SJEMCHTOB, PaCMOJOKeHHbIX CipaBa 
OT HeaHHefHOcTH Ha dur. 4. CreqoBaTeabHO, He yAMBUTEJbHO, 
UTO HeHHeMHams XapaKTepHCTHKa MoKasblBaeT 3aTyxaHHe 12 06 
Ha OKTABY, TAK KaK BbIXOD S/JIeMeHTa C OrpaHHyeHHemM OCTaeTCcH 
NOCTOAHHKIM B TeyeHHe paOoTbl B HeHHeEMHOM 30He. 


Kpatkoe onvcanne MeTosa 


O6unH mMeTOR onpeneneHua acTOTHOK XapaKTepHCTHKH 
SaMKHYTOM CHCTeMbI CBOJMTCA K Ce MylOlleMy: 

1. YpapHeHua CHCTeMbI C HeJHHeMHBIMH 9JICMeCHTaMH BbIpa- 
*KalOTCA Yepes NepewaTOUnble *PyHKWMM HW COCTABAAeTCA CTPyK- 
TypHaa CXeMa CHCTeMB. 
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2. Onpedeanetca nepenarounan cbyHKuns SaMKHYTOM CH- 
CTeMBI, CBASbIBaIOULaM BXOM HeJMHefiHOro 9eMeHTAa 1 ¢ ynpa- 
BSIOWIMM BOSReCMCTBHEM Ha BxONe CHCTeMbI 6. 

3. OnpedenseTca aHaMTHYeCKOe BEIpaxkeHne, cBAsEIBalOLee 
BXOM HeJMHEMHOrO SJeMeHTa Y H SKBUBACHTHLIA KOMPHLMEHT 
ycuenua & (7) HerMHefHOrO S7eMeHTa, C HCNOAb3OBaHHeM ORHOL 
TOABKO CTaTHYeCKOH XapakTepHcTHKH. O6e yacTH ypaBHeHHa 
nenaT Ha 0,° 

4. Peulas) ypapnenua, nozyyenuue B nn. 2 u 3, coBMecrtHo, 


ucKMoWaem 7, B pesyabTaTe nonyyaeTca HeAMHefMHOe ypaBHe- 
HH€ C OJHHM |HeH3BecTHLIM (7). 





+0 -o 








®ur. 8 Cuctema c orpaHH4eHHbiM paccoraacopanneM. 


5. Ypasyenve, nmonyyenHoe Bn. 4, mpeoOpasyetca Tak, 
UTOObI AHHeMHbIe H HeAMHeAHbe byHKUHH HaXOAMAMCh B pasHbIX 
YaCTAX PaBeHCTBa. 

6. Samensem k(y) uepes Rk, (7), cTpoum ape MYHKUHH H rpa- 
cbuueckH onpeweasem 3HaueHua k(y), KoTOpble yoBAeTBOpAIOT 
y paBHeHHW. 

7. CrpowmM saorapudmuyeckue aMIVIMTYRHYIO HM cpa3z0By10 
4YaCTOTHBIE XAPaKTePHCTHKH 3aMKHYTOM CHCTeMbI AA TeX xe 
NapaMeTpHecKHX 3Ha4¥eHHA Ry), HCNOAb3yeMbIX BM. 6. 3uHa- 
ueHHaA R(Y) MCNOA3yIOTCA AAA ONpeneneHHA YACTOTHOR Xapak- 
TePHCTHKH 3A4MKHYTOH CHCTeMBI. 

OnpeateauM Tenepb, corsacHo yKa3aHHoft mpowenype, war 
$4 UlarOM 4YAaCTOTHYIO XapaKTepHCTHKy 3aMKHYyTOS CHCTEMbI 
C OFPaHHYeHHbIM paccoracoBaHHem. 


14* 
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a le 


Illaz 1. Cm. cur. 8. 





[Tlaz 2. 
Gh.erasee Dc. 
5-4 R@e = 
ae ] ae S(7Tms + 1) 3 (19) 
RY) Ka Tm 1 +- K3k4 > 
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ur. 9. Kpuspie mocTOAHHBIX (7), MOCTPOeHHHIe NO ypaBHeHHO (23) 


Bespasmepnan dopmMa 9Toro ypaByenua OyteT UMeTb BU 


‘I 
1 2out (5p + 1) 





HE ec arses et 20 
ORG Be, 7 
k(y)  ~ kG) 
rae 
__ 14+ K3k¢g aif Bs, s=jw un a=——-. 
DVT mks OV Te on 
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IUaz 3. Tlockoabky 91eMeHT Cc OfpaHW4yeHHeM MMeeT XapakTe- 


pHCTHKy, MpHBeweHHylO Ha Gur. 5, TO ypaBHeHHe (13) MOxKHO 
3anucaTb, mMowarat a=, B Bue 
















i EM npu |y| > [@|. (21) 
8 
4 
tle 
x -4 
~12 
~16 
e 
0 : mah 
wf “Ee cd 
io LLL Neer tht + 
Sa LUTTE EEL 


10 15 20 30 40 50 10 i 20 
Yacmoma w, pad/cex 


Pur. 10. Yacrorusre xapakTepncTHKM 3aMKHYTOH CHcTeMbI Cc orpa- 
HHYCHHbIM paccorsacoBanHeM. 


@ — pacveTuHble AaHHWe; K — 1aHHbe, NOMYYCHHHIe C MOMOLUIbBO MOC, 























[Haz 4. . 
Welgs|-|o |. oe 
: lleo|= Oa Hag (22) 
llla2z 5. | 
Ailes -| a 633 
l 
(gut!) wt lint 7au 
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Hlazu 6 u 7. Nockomxy k(7) f{[k(y)] = 1, 97H aBa wara 
BLINOHAIOTCA OJHOBPeMeHHO, NMOTOMY YTO HeaMHeMHaA YaCTb 
ypaBHeHua (23) sABAMeTCA TaKxkKe XapaKTePHCTHKOM 3aMKHYTOM 
cuctemb! (8,/6;)[sy, k,(y~)], cauTaa &,(7) Mapametpom. O6a stu 
Wwara umocTpupyiotca dur. 9. Ppaduk 3saBucuMok oT uacToThl 
feBOK YaCTH ypaBHeHHA (23) MOXKHO NOCTPOHTb C HCNOMb3O0BAa- 
HHeM WaOJIOHOB anepHOnMyeCcKOorO 3BeHa NMepBoro NMopAdKa u 
MHTerpupyiculero 3BeHa. Lll]a610H pacnosaraetca npu ycureHun 
(a/9;)(1/2%). Ha cur. 10 noxkaszaHbt aHanuTuueckoe pelenue 
H pellieHHe, MOyYeHHOe C MOMOLIbIO MOJeJH. 


SakmroveHHe 


ITpeacTaB.iad HeAMHeHHbIe 9IeMeHTH! C MOMOLbIO SKBUBANCHT- 
HOrO KOSDUMMEHTA YCH/IeEHHA, MOXKHO MOAYYHTh TOUHHIe KOJIM- 
YCCTBEHHbIC CBEMCHHA OTHOCHTeAbHO YaCTOTHOM XapaKTepHCTHKH 
3aMKHYTOM HeJHHeHHOM cucTeMbI. TOUHOCTh MeTONa 34BUCHT 
mpexkle BCero OT BHIMNOMHeEHHA TpexX ycoBHH: 1) BO3MO%XHOCTb 
nmpeHeOpeyb BbICWIMMH FapMOHHKaMM Ha BBIXONe CHCTeMBI; 
2) MOMNYCTHMOCTh KYCOYHO-MHeMHOM anpoKCHMaluM Xapakte- 
PHCTHK HeJIHHeHHOTO SaeMeHTa HU 3) CHHYCOMAaIbHEIA BHT 
CHrHa/la, MOMaBaeMOrO Ha BXOA HeMHeHHOrO S7eMeHTa. ITUM 
TpeOOBaHHAM YAOBAeTBOPAeCT BOCTATOUHO WHpPOKHA Kaacc HeAN- 
HeAHBIX CHCTeM. OObINHO SKBUBANeHTHBIN KOSALHEHT yCHeHHA 
MOMKHO JerKO BbIYHCMTb H3 reOMeTPHYeCKOFO NOcTpoenHuA. ITa 
@YHKWHA ABAACTCH MHBapwaHTHOM MO OTHOIWEeHHIO K 4YacTOTe, 
eCIM QHHAMHYCCKHE XapaKTEPHCTHKH He 34BHCAT OT MPOH3BOAHbIX 
BXOJHOTO CHrHaJa. 

aa OOnbwWHHCTBa MpakTH4eCKHX 3aMay CTATHYeCKHe XapaKTe- 
PHCTHKH B PaBHOHK CTeneHH ONHCHIBaIOT H DMHAMHYeCKHA pexkum. 
CrenosaTerbHo, (PyHKUMA SKBUBATeEHTHOrO KOSPdulMeHTa ycuse- 
HHA OCTa@eTCH WMHBAPHaHTHOH MO OTHOLMICHHIO K YacTOPe, Wake 
ec/JIM HeJIMHeHHbIN 9eMeHT OyeT pacno.10x%KeH BO BHYTPeHHeM 
KOHTyYpe, CONepxKalfeM HCTOYHHKH 9Hepruv. XOTA ITOT MeTOL 
Obl IIpHMeHeH TO/bKO K CHCTeMaM BTOPOrO MOpsAAKa, OH NpH- 
MCHHM TaK)Ke HW K CHCTeMaM 60.lee BbICOKOrO NOpAaKa, ecan 
OHH COZepxaT TakxKe TOKO OHH HeJIMHeHHbIA 9eMeRT. 

J[pyroe MpevMyUleCTBO aNPOKCHMaLLHH C MOMOLIbIO 9KBH- 
BaNeHTHOTO KOSMDUUNEHTA YCHeCHHA COCTOUT B TOM, YTO BAMA- 
HHe H3MeHeHHH B YACTOTHOM XapaKTepuCcTHKe 3aMKHYTOM CHCTeMHI, 
BbISBaHHbIX H3MCHCHHEM A4MILINTYAbl ympaBAdioulero Bo3smelcT~- 
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Bua 9;, nerkKO ONpeneaUTb, pacnonarad wa6a0H, npexcTaBasw- 
UHA AeByIO YaCTb ypaBHenua (23), B COOTBeETCTBHM C pa3sauu- 
HbIMH 3HayeHHAMH 4§,. 


IPH JIO KEHWE 


AvaqMTHYeCKOe BHIPaxKeHHe JA SKBHBANeCHTHOTO KOSpdH- 
UHeHTa YCHJIeHHA ‘9eMeHTa C OrpaHwyeHHeM, KOTOPOe HCNOUb- 
3O0Bal0Cb B CTATbe, MaHO ypasHeHvem (12). Bonee o6uee 
BbIPaKeHHe Oblm0 MpHBeweHO B ypaBHeHun (1): 


no bf 
(y= 8 


KOTOPOe MO})KHO 3aMuCaTb B CAeLyIOULeM Bue: 





TE = VR. 


Bupaxenne| f[&(~)] ompeaeasetca Kak dyHKUHA 9KBMBaTeEHTHOTO 
Kospuuventa ycusenus, papuaa 1/Rk(7), 41a paccMoTpenxHoro 











Pur. Il. Cratuyeckaa xapaktepuctuxa 
HeEAHHEHHOrO 9/eMeHTA. 


THMa SeMeHTa C OrpaHHueHHem. Oro ocoOnft cayuatt HeaMHefMHOn 
(pyHKUHH, Tak Kak MpousBemeHue k(y) f[R(7)] B O6uleM cay4ae 
He paBHO éJHHMue. ITlo9TOMy MEI MOKaxKeM, KaK OTKAOHeHHE 
3HaueHHA STOTO MpOHSBeeCHHA OT CAHHHUL BAHAeT Ha pewlenne 
HeHHeMHOTO ypaBHeHuaA. CraTuyecKaa XapakTepucTHKa HevHHeli- 
HOrO S/eMeHTa Oonee O6mWero Bua NoKasaHa Ha bur. 11. 
OnpeaeuM | PyHKWHI0 S9KBUBa.JeHTHOTO Kosppuunenta YCHAeCHHA 
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mas 9TOrO 3gmemenTa. M3 reOMeTpwuYeECKOrO PacCMOTPeCHHA MO?KHO 
NOTYUATh Ce LYOuwe COOTHOUICHHA. 


T= kM) =a4+kiG7—e) mpu ly] > |e, (24) 
Ye) —Ki) =a —*))- (25) 


Creopate.bHo, 
__ «(1 — Ay) __ 9 
B 9ToM cayuae 


—_ 
fk = go 


Ecau 3Hayenue f[R(y)] B ypaBHenun (9) 3aMeHHTb MOy4eH- 
HIM BbIPa2KeHHeM, TO HMCeM 


[a Jka.) |= [apts MOO legal 


B 9TOM ypaBHeHHH, Kak HM B ypaBHeHHH (9), TOAbKO R(y) 
ABIACTCA HEM3BECTHOH, KOra 34aHbl aMNAWTya MW YacToTa O;. 
CrenopaTesbHo, 3HaveHHA Rk(y), YLOBAeTBOPAIOLWNe ypaBHeHH, 
MOXKHO OMNpPeeAUTb OMMCAHHBIM BHILWe MeTONOM. JleBad 4aCTb 
yYpaBHeHua OCTaeTCA HeH3MeHHOH, HM €MHCTBEHHOe pa3zsu4ue 
B WpaBOH uacTH COCTOHT B TOM, UTO KPpHBble, PaCCYMTaHHble 
c Momoulbio yHKunu  (8,/6,)[s, &,(y)], SyayT orau- 
yaTbcA OT KAKMOH MocnenyiouleH KOSIPDMHUKNEHTOM YCHTeHHA 
[R()— Kyl / (RQ) Ci —K,)], Baruncaenubim Mpu CooTBeTCTBy!O- 
WMX 3Ha4eHHAX A (7). 

Jlaa moctpoeHua uacroTHOH XapaKTepHCTHKH 34aMKHyTON 
CHCTeMBI HEOOXOAHMO MpexkKe Bcero onpeweAHTb 3HayeHHA k (7) 
no ypaBHennio (27). OTH 3HadeHHA 3aTeM MPUMeHAIOT IA MOCTpoe- 
HHA XAPaKTepHCTHKH 3aMKHyTOH cucTemE! no (8,/9;)[s, Ra(y)I, 
Kak 9TO MpelaaraeT n. 7 KpaTKOrO ONMCaHHA MeTOLA. 








. (27) 
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6. HEKOTOPbIE ABJIEHHA HACbIILEHHA 
B CHENAUIHX CHCTEMAX C TAXOMETPHYECKOH 
OBPATHOH CBA3bIO1) 


E. Jlesuncon 





TaxoMeTpwyueckad OOpaTHad CBA3b C MaCCHBHLIM PUbTpOM 
BLICOKOM 4YaCTOTH! XOpowo u3BecTHa [1] H WHPOKO MpuMeHsetca 
ia CTaOuAMBallMH CHCTeM aBTOMATHYeCKOrO peryMpoBaHua. 


Km /p (14+Tmp) 


Ke | Acuzamesp 
6; E E V 
| Nz: N:} 


8 





! 
' Hepedamounnie| "22Py 3a 
1  4ucaa 
By ! 
Taxomempuyeckan 
o6pamHan C636 
1+Top 3 


flaccusnoid pusemp 
GoICOKUX 4acmMom 





Taxomawuna 


By) aa cs Rag Br hohe 
p(t sat, p)(1+ $ p) oA Ne 





Pur. 1. BaOK-cxeMa cleqAULeH CHCTEMBI C TAXOMETPHYECKOH Obpar- - 
HOM CBA3bh. 


Boabuioe mpewMylWecTBO TakOH cTaOniM3aluH MO CpaBHeHHlo 
C BBeeHHeM | CTAOHAM3HPylOWwero KOHTypa?) COCTOHT B TOM, 4TO 
MOXKHO NOAYNHTb BLICOKMA KOSdpuuKenT Nepenaun K, (Maoe 
galla3QbiBaHHe MO CKOPOCTH) MpH y3KoH Nosoce nponycKaHua 
CucTeMH (MeHbIUeH nMepenaye wymMoB). Ha dur. 1 nmpusenena 


) Levinson E., 7rans. AIEE, Part 1, 72, 1—9 (1953). 
2) TlonpasymepaeTca nocneqonaTerbHbl qubpepenunpywoulnit KOH- 
TY p.— [pum peo; -_ 
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CXeMa THIMHYHOH cCyleAauleH CHCTeMBI, CTAOMAM3MpOBaHHOH m0- 
CpeACTBOM TaxOMeTpHYeCKOH oOOpaTHOM CBA3M C MaCCHBHbIM 
(HJIbTPOM BbLICOKHX 4aCTOT. 

Tipu w3yyenuu NoBeweHuA CHCTeMbI STOO THNa NyTem onpe- 
NeMe€HHA YaCTOTHBIX XaPpaKTeCPUMCTHK 3a4MKHYTOHM CHCTeMbI 4aCTO 
CTA@AKMBaloTCA C HEKOTOPbIMH CTPaHHbIMH ABJICHHAMM IPH H3Me- 
HEHHH aMIVIMTYAbl BXOMHOrO CHrHata. Tunuyunoe cemeficTBo 


Youaenue , 06 





Yacmoma ¥, eu, 


Pur. 2. TumMuHoe cemeficTBO YaCTOTHLIX XA4PaKTEPHCTHK CHCTeMBI C Ha- 
CbINLCHHEM H TaXOMeTPHUeCCKOH O6paTHOH cBA3bI. 


Tloka3aHW "iacTOTHWe XaPpaKTeCPHCTKHKH HPWH PpagAH4HAIX THHOBWX CHrHatax Ha BxoZze. 
K,,=10 000; «=100; +,=0,025; t,, =0,1. 

XapaKTePpHCTHK CHCTeMbI NOKa3saHO Ha dur. 2. Tipu Maapix 
CHrHasaxX MOBeeHHe CHCTEMbI MOBOMbHO XOPOLIO Coraacyerca 
c amMHeHHO TeopveH. IIpu yBemuenHu CurHaja BLICOTa pe3o- 
HAHCHbIX NHKOB yBeAHYMBaeTCA HW OHM MepemeulaioTca B OONaCTb 
Gomee BbICOKHX YaCTOT, a B HEKOTOPbI€ MOMCHTLI MOMKeET HMECTb 
MeCTO ABeHHeE ,CKayKOOOpa3Horo* pesoHaHca 1), KaK 9TO BUAHO 
Ha dur. 3. OnHako nmpu eme Oombuiem yBenM¥YeHHH BxXOAHOTO 
CHrHaila BbICOTa MHKOB HM YaCTOTa Cpe3a yMeHbLIalOTCA. 


1) Apnenne ,CKaukoo6pa3Horo* pe3oHaHca, XapaKTepHoe TOAbKO 
AA HEAHHEHHbIX CHCTeM, H3y4aeTCA B TEOPHH HEAMHEHHLIX KONeOaHHH. 
Cm., HanpuMep, Boroaiw6o0B H. MutTponoapbcKkuit IO., Acum- 
NTOTHYECKHE METORI B TEOPHH HEAMHeHHBIX KONeGaHnH, Tocrexu3gar, 
1955. — [Ipum. ped. | 
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OcHoBHaf Web Halle CTaTbH — 2aTb NpHemMAeMoe OODACHE- 
HHe 9Toro | aBAeHHA. IIpuH u3sqoxKeHHA OynyT HCNOAb3OBaHH 
HeKOTOpHe NPHHUHM WH MC€TOAb, KOTOpHe MOTyT OnITb NOe3HHI 
Mp aHatH3€ Pa3sMHYHbIX CHCTEM ABTOMATHYeCKOTO peryMpoBa- 
HHa, MMCIOWIHX SJIEMCHTHI C HaCHIWeHHeM. Kpome Toro, mepe- 
atounad PyHKUHA CHCTeMBI C TaXOMeTPHYeCKOK OOpaTHOH CBA3bIO 
H BBICOKOYACTOTHBIM QHAbTPpOM O6yeT BbipaxkeHa B UpesBbI- 
yahHo yOGHOM dopme, B KOTOpOH BCe conpsraiollue TOUKH 


_ Veunenue.d6_ 
‘ 
& 





20 40 60 
Yacmoma Ff 2y 





®ur. 3. ABnenne ckaykoo6pa3Horo pe3oHaHca 
Ha YaCTOTHOH xapaKTepHcTHKe. 


NerKO CBASKIBAIOTCA C MapaMeTpaMH cuHcTeMbI. [IlepetaTounaa 
pyHkuna nozo6uoro »#xe Buda Nonyyena JlaykepoM HeCKOAbKO 
HHEIM Cnoco6om [2]. 


flopawok HccAeqOBaHHA 


TlepBpif| OCHOBHOM MpHHULWM COCTOHT B TOM, YTO 9pekT 
HaCHILCHHA YMeCHbIUaeT CpeHee 3HaYeHHe YCHJICHHA WeENH, B KO- 
TOpOH HMeeT MECTO HACHILeHHe (THIHYHAA KPHBaA HaCHILLeHHA 
HW @yHKUMA HaCHILLeHHA yCHeHHaA NOKasaHb Ha dur. 6). Oru 
H3MC€HCHHA MapaMeTPOB YCHJICHHA MOXKHO MPOCAeCAMTb Ha AOFa- 
PHDMHY4eCKON aMMAMTYOHOK YaCcTOTHOM XapakTepucTHKe, H OHH 
HCNOAbSyIOTCA BAA HCCACNOBAHHA paCCMaTPHBaeMbIX XapakTe- 
PHCTHK 3aMKHYTOM CHCTeMH. 

Tada KaxOrO yCAOBHA HAaCHILeHHA NOAyYualOTCA pa3sANYHble 
AOrapH@MwYeCKHe XapaKTePHCTHKH, MpH4eM 3eCb MO-mpexvHemy 
HCNOMb3yeTCA NHHeMHEIM aHanH3. GaTeM YacCTOTHad XapaKkTe- 
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puctuKa?) CBA3bIBAcCTCA C OrapHdMMyecKOH XapakTepHcTHKOH 
pa3OMKHyTOH CHCTeMbl Ha TOM OCHOBaHHH, YTO YaCcTOTAa Cpe3a 
YaCTOTHOH XapaKTePHCTHKH 3aMKHYTOM cucTembl?) O1M3Ka K Ya- 
cTroTe cpe3sa Jorapudmuyecko xXapakTepucTHKH pa3soMKHyTON 
CHCTeMbI, 2 HaKJOH mocrenHeh B —I12 06 Ha OKTaBy O3Ha4aeT 
HaMUne NHKa B YaCTOTHOM xapakTepHCTHKe 3aMKHYTOM CHCTeMbI. 
Jaa oObACHEHHA ABAeCHHA CKaYKOOOpasHOrO pesoHaHca Oyler 
paccmoTpeH Apyroh rpado-aHaauTuyecKuH MeTO, KOTOpHIA 
MOXKHO HCMNOAb3OBATb AAA MOAYYCHHA YACTOTHOM XapakKTepHCTHKU 
mio6ok cAenauleh CHCTeMbI C HaCbILILeHHeM. 
=. C nmoMOWbiO 9TOTO rpaso-ahasHTHYeCKOrO MeTONa NOKA3aHO, 
UTO 9TO ABJIEHWe HMeeT MCCTO B MpOocTOH OAHOKOHTYPHOK Cule- 
nauleft cucTeMe Cc HacbllileHvem B NpAMOH wenn. Te 2xe ypaBHe- 
HUA, KaK MOKa3aHO Jastee, CIpaBeAAMBbI MpH OCOOLIX yCOBHAX 
HM aA cayyad TaxoMeTpHyecKoOh cTaOu.M3aluH. 


OO6bACHeHHE WACTOTHBIX XapaKTepHCTHK 
Ha OCHOBe NOHATHA ,yCHJeHHSA “ 


Kak noxasaHo B IIpnaoxwennu I 4 B COOTBETCTBHM C O.10K- 
cxeMOH, n306paxKeHHOH Ha dur. 1, mpHOWKeHHOe BbIpaKeHue 
Aaa mepemaTounoh PyHKUMH pasOMKHYTOHM CHCTeMbI C Mapadeab- 
HLIM CTAOHAM3UPYIOWWMM YCTPOHKCTBOM, COCTOSALIMM W3 TaxXOMa- 
INMHbI, MeCX@HHYeCKH CBA3aHHOM C BaJOM UBHTaTeJia, WU MaCCHB~ 
HOrO KOHTypa, HMeeT BULL 


6 K,(1 + top) 
H (p) = -2 (p) = ——+ 
BA p(--argp i+ ie ep] etm eet 


rime 
KeKi KoK, 
Ke e a m 


ABAAETCA KOSPPUUMCHTOM YCHACHHA CHCTCMbI MPH pasOMKHyTON 
BHelHeH Wenu, a 
QT 
Nip 


) Vimeetca B BUY YACTOTHAA XAPAKTEPHCTHKa 3aMKHYTOM CHCTeMbI.L— 
TIpum. peo. 

2) Uactota cpe3a yacTOTHOM XapakTepHCTHKH 3aMKHYTOH CHCTeMbI 
onpeneiaeTcH KaK YaCTOTa, MPH KOTOPOH aMNMANTYNHAA “YaCTOTHAA Xa- 
PaKTepncTHKa 3aMKHYTOH CHCTeMbl CTAaHOBHTCA paBHOH eAMHHIe, — 


[Tpum. ped. 
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ABIACTCA KOXDUMMEHTOM YCHJeHHA PasOMKHYTOM Wen TaxXOMeT- 
puyecko OGpaTHOM cBa3H. t,—~ MOCTOAHHad BpeMeHH NaCCHBHOrO 
(pUbTpa BLICOKOM YACTOTHI, a t,,— MOCTOAHHAA BpeMeHH ABUraTeAA 
MW Harpy3Ku.; 

MoxkHO 3aMeTHTb, TO TOUKH CONPAKeHHA Ha AOTapudMuye- 
CKOM XapaKTePHCTUKe CHCTeMbI MpOCTO CBASaHLI C NapaMeTpaMu 
CHCTeMH. STO XOpoulo BUAHO Ha dur. 4, roe MpuBewena Xa- 
PpaKTepHCTHKa, COOTBeTCTByOWad MepeaaTOouHOK dyHKunH (1). 





Younenue, 06 


NY 


On Q2 04 a6081 2 4 6810 20 80100 200 400 6001000 — 
Yacmoma w, oie: 








-40 





@Pur.|4. JlorapnymMuyeckan YacTOTHaA XapaKTepHcTHKa 
AAA |cCTaAOHAM3SHPOBAHHOH TAaXOMETPHYeCKOH CHCTeMBI. 





Ilo 9ToH XapakTepHcTHKe MblzOyleM TeNepb HCCeMOBaTb BAMA- 
He HaCbIULeHHA. 

Ecau B ¢myyae yBemMueHHA CHrHaa B Wenu TaxoMeTpHue- 
ckoH oOpaTHOH cBA3H MMeeT MeCTO HaCbilleHve (HaNpumep, 
B O6n0Ke K,), B TO BpeMA KaK OCHOBHaA YaCTb CHCTeEMbI paboTaeT 
elke B JIMHeHHOM perKuMe, TO cHcTeMa OyzeT BecTH CeOx TAK, 
Kak eCM Obl MMeJOCb MeHbillee @ MpH TOM Ke CaMOM K,,. 
YMeHbUleHHe a COmmKaeT MepBy!O H TPeTbIO TOUKM CONpAKeHHA, 
Kak MOKa3aHO MyHKTMpHOM aAMHMeH Ha dur. 4. Ito NpUBOAUT 


K HOBOM 6oOsee BEICOKOK MO CPaBHEHHIO C w, aCTOTe cpesa We, 
u xapakrepHcTHka npu w_ MMeeT HaKJOH 19 O06 Ha OKTaBy. 
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OTO O3Ha4aeT, 4YTO AMMMAUNTYDHad YaCTOTHad XapakTepucTuKa)) 
OyeT WMeTb OOMbIOM pesoHaHcHbIH Mmuk Ha Oosnee BEICOKOH 
yacToTe H OoOsee BBICOKYIO 4YaCTOTY Cpe3a, KaK 9TO BUDHO 
Ha cur. 2. 

Ecau BeaMYHHa CHIHada BO3pacTaeT HM anee, TO OCHOBHAS 
yaCTb CHCTeMbI TaK#Ke Ha4HHaeT HaCHILaTbCA HW CHCTeMa pa6o- 
Ty susevi, Beinaeviee seiee coon 
aeae a: Po Ae Tambuaa aunun 0 06 : 
Set ane a HORNE. “CME: 




















a ew 
meee ictal 
EEEECETE ET iti watbca BBepx, Kak MOKa3aHo Ha pur. 4 
Lit  WTpHX-NyHKTHpHOH AMHHeH. OTo mpu- 
BS BOLHT K pyro uacrote cpesa w” 
FEET ae ae ae 
cote eCKoTOpaa MeHbule w,, MW XapakTepuc- 
O ile ae es 







seaeeteeereeeeel THKa Mp 9STOK HOBOH 4acTOTe cpesa 
Wi} MooKeT HMeTb HaKJOH B —6 OO Ha 
OKTaBy. 

CreopatebHO, MMKH Ha KpHBOM 
ucue3aioT, H 4aCTOTa cpe3sa uMeeT 
MeCTO Np Oouee HH3KHX YaCTOTAaX. 
OTO Kak pa3 COOTBeETCTByeT NOBede- 

HHIO KPHBbIX Ha dur. 2. 
Soy seeeeeeGuneee see an par niche: 
PEeCECEEEEEEE aera : 
EEE HEE yuacTOK C HaKJOHOM Xapak- 
TepucTuku B —12 06 Ha OKTaBy, CHO- 
Ba MOABAAIOTCA BLICOKHe Pe3OHaHCHble 
Pur. 5. KcnepuHMeHtatb- MHKH Ha HHM3KHX YaCTOTaX HM YaCcTOTAa 


HbIe KPHBbIe MC peCxOWHbIx Cpe3a 3&MKHyTOH CHCTEMbIl CTAHOBHTCH 
CbhINTeCHHCM H TaAXOMeCTDH- 







t—— 0, 5cex ——_+} 


uecKkoh cTa6uaH3alnel. Ecam pw yBeaH4eHHN CurHasa Ha- 
Ckauox nanpaxenus: a—0,07¢;  CPIMLEHHe CHaNaia BOSHUKaeT B OCHOB- 
- eae, gee Ue ; HOM 4aCTH CHCTeMbI, TO, MO-BHAMMOMY, 
aoe Oe dace Pa cucTema He OyJeT HMeTb BHaYae MMKa 


IPH BRICOKHX YaCTOTaX, NOCKOJbKy & 
HauHHaeT HaCbillaTbCA B MOMEHT, KO Aa XapaKTePUuCTHKa CHCTeMbI 


iv 
nmomalaeT B OOaCTbh YaCTOThI Cpe3a we. CaeloBaTenbHO, ecaH 
*KeNaTeIbHO YMeHbIUHTb OOyCOBeHHbIM HeAHHEHHOCTbIO MMK 


1) Umeetca B BHAY aMIMIMTYQHAA YaCTOTHaA XapaKTepuHCTHKAa 3aMKHy- 
TOH cuctembI.—/Ipum. ped. 
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6. Hacoiwentie @ cuctesax c taxomérpiinecxot obparnot cessio 953 
ro TT 


MpH BBICOKHX YacTOTaX, BenMyHHa K, omKHa OnITb Chenana 
TaKOM, YTOOH NpAMad LWeNb CHCTEMBI HaCbILalaCh OHOBPeMeHHO 
WH PaHblle WemW TaxOMeTpHYeCKOH OOpaTHOM CBA3H. 

Bausive HacbllileHHa Ha MepexOZHbe Npouecchl pH cTyNeH- 
YaThIX BXODHBIX BO3MeHCTBHAX Pa3IHYHOM aMMAWTyAb MO?KHO 
OObACHHTh H MpelBHNeTb, HCXOAA H3 YACTOTHHIX XapaKTePHCTUK 
CHCTeMBI. 

Tak, HanpuMep, B AMamasOHe CHrHanOB, OOyCAOBAMBAaIOWHX 
NOABAeHHe B| XapaKTePHCTHKe MHKa MPH BRICOKHX YaCTOTAX, 
MOryT OITb \NOwyYeHb! Gomee BEICOKHe OEICTpONeficTBHe HW KO- 
AeOaTebHOCTb, YM MPH CHFHatax, COOTBETCTBYIOWMX AHHeEMHOR 
oOnactTu. [Ip ee 6onee BLICOKUX aMMANTY ax CHPHasa Bpema Ne- 
pexodHoro mpollecca CHCTeMbI Oy JeT yBeAHYMBAaTbCA HW NepexOAHbift 
mpouecc OykeT MeHee KONeOaTeAbHNIM. OTH MepexoaHble mpo- 
WecChl NpHBeAeHH Ha dur. O. 

QTOT OCHOBHOA MpHHUM W3MeHeHHA yCHAeHHA B 3aBHCH- 
MOCTH OT HACHIeHHA MOXKHO PpaCNPOCTpaHHTb Ha HU3y4eHHe 
BAWAHHA HACHIWeHHA B a0O0H CHCTeMe aBTOMaTHYeCKOrO pery- 
JMpOBaHHA, B YaCTHOCTH Ha MHOTOKOHTYPHHle CHCTeMH, B KOTO- 
PBX MOXKHO He3aBHCHMO APyr OT Apyra McCAeAOBaTb BAMAHHE 
KaxKOrO KOHTypa. 


TIpHMeHeHHe DOHATHA ,ycHaeHHe® 
K OJHOKOHTYPHOH CHCTeMe 





B Kauyectse Apyroro mpumepa PacCMOTpHM NpocTy!o OHO- 


KOHTYPHYIO C 


MCTEMY 4BTOMATHYCCKOrO peryJHPOBaHHA C MOCAe- 





JOBATCAbHBIM | CTAOHAH3HPYIOWLHM YCTPOACTBOM. 
Ilepematounan yHKWMA CHCTeMBE TakKOrTO THNMa OyyeT 
MMe€Tb BHD : 
| 6 K, (1 + yp) 
H(p) = 2(p) = = _  .. 2 
MO) = FO) = aE emp) oa) @) 


Ha dur. 7 noctpoena AorapudMnueckad AMNHTy2HaA YacTOTHaA 
XapaKTepHCTHKAa, COOTBETCTBYIOUad MepeAaTOYHOH yHKuHH (2), 
MH MpwBewena) O10K-cxeMa cHcTempl. Ha dur. 8 moKasaHo ce- 
MeHMCTBO YaCTOTHHX XapaKTePHCTHK PaCCMaTPHBaeMOHM CHCTeMEI 
NpH pa3IM4HbIX 3HAYeEHHAX BXOAHOTO CHrHata. MoxkHO 3aMeTHTb, 
4YTO IPH yBeAHYeCHHH aMMNAMTYON CHrHata NHK NepBOHa4a/IbHO 
YMeHblaeTCH, a YacTOTa Cpe3a TaKKe CTAHOBHTCA MeHbIIe. 
IipH aabHeHlleM yBeHYeHHH aMIAHTYOB CHrHata BHICOTa 
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224 E. Jleeurcon 





M1MKa Ha4HHaeT YBeEMYMBaTbCA, a YaCTOTA Cpe3a CTAHOBUTCA 
Bce MCHbIUe H MeHbIle. ITO ABACHHE MOXKHO MOACHUTb, pac- 
CMaTpHBad OrapudMuyeckyio XapakTepucTuky Ha dur. 7. 
EWHCTBeHHBIM TapaMeTPOM YCHJIeHHH B OJHOKOHTYPHOM 
cucteme saBaseTca K,, HW, CeOBaTebHO, MPM yMeHbuleHuu K, 
HyjeBad JWHHA OMKHA CMellaTbCa BBepx. Korda amnmauryaa 
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® ur. 6. TunwqHad KpHBad HaCbIluleHHA WH PyHKWHA 
HaCbILIGHHA YCHACHHA. 


CHrHada BOSpacTaeT, MeficTBUTembHOe 3HayeHHe K,, yMeHblllaeTca 
HM 4acTOTa cpe3a cCOOTBeTCTByeT HOBOH OOee HH3KOM 4a- 
7 


CTOTE We. 

Haua/bHoe W3MeHeHve MHKOB XapaKTePHCTHKH 3aBHCUT OT 
fepBOHauabHOro 3HayeHHa K, B CHCTeMe H OT OTHOCHTeAbBHOK 
OMMZOCTH PaCNOMORKeHuA YACTOTHI Cpesa K yuaCcTKy XapaKTepu- 
CTHKH C HakwoHOM —-12 O06 Ha oKTaBy. Ecau uacTota cpe3a 
Me€pBOHAYabHO HaXOAKTCA B TOUKe B, TO C yBeAMYeHHeM aMILIH- 
TYAbI CHPHada OKMDAIOTCA CHa4aa MeHbUIMe muku. IlpH mepBo- 
HauabHOM PaCNO/MO%KeHHH 4YaCTOTH Cpe3aBTouKe A C yBeM4e- 
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OymeT CHHYCOUDAJIBHBIM (B TIpeANONOKeHuM, UTO CHCTeMa sM- 
Hefiva). XapakTepHCTHKA THMOBOTO peryATOpa TaeTcs Ha cur. 4, 
Ee MOoKHO TaKKe almpOKCHMUPOBaTb aCUMMTOTHYECKOH XapakTe- 
pucTuKkon, NoKa3aHHOH MyHKTMpOM Ha dur. 4 WM cocTaBaeHHot 


 Snnteneneamanaeameaesid emeateasant ne aaaT Sateen mann 





Omnouienue amnaumyd 





0,1 
Q.001 ool} 003 QO] i] 
Yacmoma , elf 


Pur. 4. JlorapupMuyeckaA aMMAHTY A- 
Had YacTOTHaH XapakTepHcTHKa pery- 
AaTOpa ABuraTeszA. 


H3 JBYX MIpAMOAMHEHMHDIX ACHMNTOT H JABYX MNPOMeKYyTOUHBbIX 
MpAMOJMHeAHbIX oTpesKkoB. Jia mocTpoeHuA 3TOM acHMIITOTH- 
yueCKOH XapaKTe€pHCTHKH TipaKTHYeCKH HEOOXOJMMO WMMe€Tb aHa- 


Pur. 5. Pag3oMKHYTaA CHCTeMa peryIATOP — ABHIaTeJb. 


AMTHUeCKOe BbIPAKeHHE ,MepesaTOuHOH dynKunn*. Ecau cne- 
IMaJIMCT HE 3HaKOM C 9THMM (PYHKLLMAMH, CMY, BEPOATHO, Npu- 
eTCA HMeTb JleO C TOTOBLIMH XapaKTePHCTHKaMH. 
IIpenno1oKuM Tenepb, 4YTO peryanTOp coeAMHeH C JBHra- 
TeeM WH CHCTEMA Pa3OMKHYTa, KaK MOKAa3aHo Ha pur. O. Saecb 
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1. HSOBPAXKEHHE YACTOTHbIX XAPAKTEPHCTHK, 
CTAHJJAPTbI H PACYETHDBIE KPUTEPHH !) 


| P. Oasden6ypeep 


Bapenenne 


Sanaueh KomutetTa AMHaMM4eCKHX CHCTeM, CO3zaHHoro mpH 
‘M€PHKaHCKOM . OOUlecTBe HHKeHepoB-MexaHukoB (ASME) 
HomOpe 1901 r., aBaneTca paspa6oTka cTaHmapToB Aaa mpes- 
TaBJCHHA YaACTOTHBIX WaHHbIxX. HeoOxoAHMOCTb B TaKHX CTAH- 
apTaX CTaa OYeCBHAHOM BBUAY WHPOKOrTO MpHMeHeHHA YACTOT- 
bIX METOMOB JIA pacueTa CHCTeEM ABTOMATHYeCKOTO peryaupo- 
aHuA. M3-3a pasM4HOrTO MpencTaBieHHa ONHHX MH TeX >xKe 
3€MCHHH, KaCajoulLMXCA YACTOTHEIX XapaKTeEPUCTHK, 4aCTO BO3- 
AKaloT HeOpasyMeHuA. OHH CTPOAT aMIAMTyAHEIe XapaKTe- 
HCTHKH B BUC 34BHCHMOCTH OTHOWWCHMA AMNATYA OT YaCTOTHI, 
pyrve-——B Bue 3a4BMCHMOCTH AOrapHdMa OTHOWeHHA aMILVIATy A 
r u0rapudma yactoTsl. Mexay Tem, OHOTO B3raana Ha 4a- 
fOTHBIC XAPAKTEPHCTHKH 9eMeHTa PUSHYeCKON CHCTeMbI Nopott 
ABACT MOCTATOYHO, YTOObI CenaTb BaXKHbIe B3aKJIOUCHHA O 
THaMHYCCKHX CBOHMCTBAX 9MeMeHTA, MPH yCOBMM, YTO UCNOMb- 
reTCA MPMBbIUHaA CHCTeMa KOOPAMHAT. Tlo9yTOMy AAA AerKOrO 
‘CHUA =6XAPAKTEPHCTHK BeECbMa 2KEATeIbHO, TOOL] OHH 
‘POWINCh B CTaHLapTHbIxX KOOpAMHaTax. OTH uw Apyrue co- 
)pakeHHA MpwBenM K cosnaHuio KomuteTa AMHaMM4eCKNX 
ICTeM, KOTOPHIH noche M3y4¥eHHA BCeX MMEeIOULUXCA Npen- 
MKEHHA BbINeC: CBOH PeKOMeHAauuW, MyOnuKyemble B HAaCTOR- 
eH cCTaTbe. 

YroOpnl oOneruuTb MoHWMaHWe pekomeHaauuh Komureta u 
OCOSCTBOBATh MPHMCHEHHIO YACTOTHBIX METOMOB AA pacueta 
CTEM PeryMpOBaHHa, B HaCTOMULe’4 CTATbe pacCCMaTPHBawTcA 
KOTOPBI€ OCHOBHBI€ BOMpOChl MH WaiwTcCA MpaBua pacuerta, 
'SBOJAIOWLME HHKeHepy Ges ciewnatbHOH MaTeMaTHUeCcKON nod- 
TOBKM MpHCTYNWTb K HayYHOMY pacueTy cuCcTeM aBTOMaTHYe- 
Oro peryaHpoBaHus. BoAbuIMHCTBO mpednaraeMblx pacueTHEIX 








!) Oldenburger R, Trans, ASME, 76, Ne 8, 1155—1169 (1954). 
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oe 








Toraa BMeCTO P MOXKHO MOMCTABHTb fw, Kak 9TO MemaeTcA 
B AWHeMHOM aHanu3e, MH MbI NOTyYMM B KayecTBe 4acTOTHOR 
XAPaKTePHCTHKH CileMyioulee BbIPAKeHHe: 
2 joj = jo (1+ jotm) (7) 
6, JO = jo jotm) + Ko VED ’ 


KJ 
El = oV 1+ ors? 105} (8) 
WV [Ky CE) — & tm)? + 0 
H 


s ; 
@ = 90° +. are tg WT, —— afc STKE) tnl * (9) 


Mockomky K,(|E|) spaserca pynkunei |E|, To nenocpes- 
CTBCHHO paspewluTb ypaBHeHue oTHOCHTeAbHO |E| HAM QF He- 
BO3MOXKHO. OHaKO C NOMOULbIO MpHBedeHHOrO HWKe Ppaduye- 
CKorO MeTONa yYMaeTCA NOAVYNTR peweHNe AA |E|, a caeno- 
BATeNbHO, H WA Op, 9, UH Po. 

Bossoia B KBaapat oGe uacTH ypapnenua (8) Hu mpHBonA 
WX K OOUleMy 3HaMeHAaTeO, NOMYUAM 


[Ky (JE |)— ot _)? | EP = 
==: 2 (1 +- we?) | 0; |? — o? bey. (10) 
Viaparexaa u3 o6enx sacTefll KBanpaTHbIh KOpeHb, HMCeM 
[Ky (| E) — ota) | E | = 
== ho V (1+ we? )/ 6; ? —| EP, 
HIM 


K CE) Elo, (El 
toVA+c2)/GP—-|EP (1) 


Jlepan uactb ypaBHenua (11) aBaneTca KpMBOH HacplllcHHA 
npaMofi wenn cucTemb. IIpapad yacTh MpeAcTaBaaeT coon 
cemeficTBo 9muncos. IlepeceyeHua 9THX S/IMTICOB C KPHBbIMH 
HaCbLIMLeHHA alot Beanunny |E| mp onpewereHHbIX o HU | 0; |. 
Kaxani u3 mapametpos K,, tm, © H |9;| MoxkeT H3MeHATECA 
H MOXKHO ONpeleAHTb BAMAHMe UX Ha BeAMYHHY |E|. Ha ur. 9 
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6. Hacouyenue @ CucTemMax C TaxOMeTpurecKod Ob6paTHod cea3se1e 229 


NOCTPOCHO THNMYHOe CeMEHCTBO 94/1HNCOB MpH (UKCHPOBAaHHEIX w 
H %, MW MepeMeHHOM BeM4HHeE BxOAHOrO curHada |4;,|, a Ha 
pur. 10——TunwuHoe cemeficTBo 9aaMncoB 2aa cbuKcupoBaH- 
HbIX 7, H |0;| H H3MeHSIOMMeMCA YaCTOTH! w. 

MoxHO BHAeTb, YTO yBenuueHHe |0;| ROoMKHO yBerM4HBAaTL 
pa3sMephl 9ANMNCa, TOrMa Kak yBeAHYeHHE w JOKHO NoBopa- 
4HBaTb KOHTYP 9/MHNICa NO 4YacoBOM CTpeaKe pH OAHOBpemeH- 
HOM YBeJMYeHHH ero pasMepos. B kaxKOM Cily4uae CTpoHTca 
THIMYHaA KPMBad HaCHILeHHA MH BUAHO, YTO B MepBOM KBapante 
MOMK€T HM€Th MECTO OJHO, Ba (KaCaHHe) HAM TPH Mepeceue- 
Hud. BeweacTBHe CHMMeTPHM OTHOCHTeABHO Ha4aia KOOpAMHaT 








Y, moics4u 


+ wt [E] 
Cucmama - 6-12 
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Pur. 9. Tumaunoe cemeiicTso saauncos np @HKCHPoBaH- 
HbIX ® H tj, HW MepeMeHHOH ammantyze | 9G; |. 





Te Ke MepeceyeHHA UMECIOTCA H B TpPeTbeM KBalpaHTe Hu, Cae- 
AOBATebHO, OHH AalyT Te we 3HayeHua | E|. Sto 3Hauut, uTo 
HEOOXOAMMO PaCCMATPMBATb TOJbKO NepBH KBalpaHT. BosMorx- 
HOCTh Tpex Mepeceyenwii NMpMBOAWT K ABAeHMIO CKayKOOOpas3- 
HOrO pesoHaHca. B «MHefinof cucTeMe 93Ta BO3MO%KHOCTb He 
MOKCT HMCTb MCCTa, YTO MOKa3bIBaeT MpHMad K, Ha rpaduxe. 

AMMAMTyQHad YaCTOTHad XapakTepucTuKa JAA |E|, noay- 
weHHad MO Nepeceyenuam Ha cur. 10, noctpoena ua our. 11, 
MpHweM HMCE€T MECTO ABJeHHe CKayKOOOpasHorO pe3s0HaHca 
Tpu s3Hauenuh |E| we moryt omHoBpemenxo CYLECTBOBATb 
B pusuyeckon cucTeme. Kakoe HMeHHO 3Ha4eHHe HMeeT MECTO, 
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BeryauTeronan craros 17 


A) pellaeTca 3anaya anpoKCHMallun, T. e. HaXOnATCA nepe- 
aTOUHbe) PYHKUMK KOppeKTHPyIOULAX YCTpoucTB MO Ha eHHbIM 
JA HAX YACTOTHBIM XapakTepHCTHKaM; 

e) pelllaeTca 3alaya peanusauMu moayyeHHbix me pe aTOuHblx 
@YHKUHH | NpH MOMOWWH TeX MAM HHBIX TeXHHUeCKHX CpecTs 
(OcoOeHHO xopowo paspa6oTaHa MeTOAMKa peuleHua 3anaun 
peatH3alHM pH MOMOLLM NaccHBHBIX QEKTPHYECKHX KOHTYPoOB). 

T]o1B049 WTOTH NMpHBedeHHOH BEE KpaTKof xapakTepHCTuKe 
YaCTOTHOFO MeTOLa, MOKHO yTBeEpxKLaTb, YTO 9TOT MeTOL, 
OCHOBaHHbIH Ha HarAAAHbIX PUSMYeECKHX MpeACTAaBACHHAX HU NO- 
SBOJIAIOINMH B KaYe€CTBE MCXOMHBIX JaHHbIX MO/Ib30BaTBCA He 
TOAbKO AMPPepeHUMAbHBIMA ypaBHeHHAMM, HO HW 9KCMepuMeH- 
TaJIbHO MOYYCHHBIMH YaCTOTHBIMH XapaKTePHCTHKaMH, ABAReTCA 
B HaCTOAWLee BPeMA OCHOBHBIM CPeACTBOM aHaIM3a HW CHHTe3a 
CJO2KHBIX |OMHOKOHTYPHBIX H MHOFOKOHTYPHbIX CHCTeEM aBTOMATH- 
YeCKOrO PeryAMPOBaHHA, ONMCbIBACMBIX AMHEHHbIMH ypaBHeHHaMH 
mo6oro MopaAaKa HM COMepxKalllux He TOMbKO COcpenoTOUeHHBIe, 
HO WM pacihipenesenHble mapaMeTppi. 

UacTorubit MeTOA AaeT equnyI0 OGuLyI0 Me€TOJHKY pelleHHA 
BC€X OCHOBHBIX 34a4 TeEOPHH aBTOMaTHYeCKOoro peryaMpoBannua, 
@ WMCHHO: MOJYYCHHA HCXOMHbIX MaHHbIX, aHanu3a ycroftun- 
BOCTH, aHaJM3a Ka4eCTBa, NOCTPOeHHA NepexOAHbIX Mpoweccos, 
BbiOopa NapaMeTPOB MH pellieHuA BOMpOCca O MaOCcTH lapaMeTpos, 
CHHT€34 KOPPeKTHPYIOWMX yCTpoOficTB, aHaau3a AMHaMHyecKol 
TOWHOCTH 'M CHHTe3a ONTHMAMbHBIX CHCTeM. 

YacToTHE MeTO yoOeH He TOABKO B TeOpHH HeMpepbiB- 
HOFO, HO |B TEOPHH MMIyJIbCHOrO, NpepbIBHCTOrO peryMpoBaHna. 

Heo6xXOAuMO OTMETHTb, UTO YACTOTHBIH MeTOA 3a MOCceaHee 
BDCMA CTA MPHMCHATLCA AIA AaHaH3a He TOJbKO JMHEHHBIX 
CHCTEM, HO HM CHCT€M C HeJIMHeHHbIMH WH MepeMeHHbIMM Mapa- 
MeTpaMH. ‘Tak, HaNpuMep, Co“eTaHHe YaCTOTHHIX NpeAcTaBsAeHutt 
C M€TOOM rapMOHM4eCKOrTO OanaHca MmpHBeio K pa3spaboTKe 
MpakTHyecKH yAOOHOrO MpHOnMKeHHOrO MeTOMa aHalu3a aBTO- 
KoNeOaHHh [3], HeqaBHO paspa6oTaHbl OCHOBHbIe MO /O>%KeHHA 
NaCTOTHOrO Me€TOZa TOUHOTO aHadM3a pesetHElx cuctem [4], 
MOK&3aHa BOSMO2KHOCTb MIPHMCHeHHA YACTOTHOTO MeTORA K aHa- 
NW3y CHCTeM C TlepeMeHHBIMA MapaMeTpaMH Ha OCHOBe Teopembl 
O cBepTKe' [5]. 

[lostoMy yTBepxXeHHA, KOTOpble MOpOA npuxoguTcA cub- 
WWaTb, YTO|YACTOTHBIA METOA NOWe3eH AHWb Did peuleHHa AMHeH- 
HbIX 34a4, KOHEYHO, HE COOTBETCTBYIOT HCTHHE. 














2 3ax. 2356, 
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[loacTaBas ypaBHenuve (9) B ypaBHeHue (13), NoayuuM 
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= — alc ie —. Fr: 14 
Fo © (Ky (| E |) — oy) ( ) 
AMIMINTyAHaa HW (ba3z0Bas BbIXOJHbIC XaPaKTeEPUCTHKH, COOT- 
BeTCTBYiOLUMe XapaKTepuctuke |E| wa dur. 11, nocrpoen ua 
pur. 12. MoxkHOo BusxeTb, uTO OOH XapaKTep 9TUX KDHBbIX 
MNCHTHYCH SKCNCPHMCHTA/IbHBIM KPHBbIM Ha dur. 3. 
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Pur. 12. CkauKkoo6pa3ublii pesonaHc Ha amMMauTyAHOn u (pa- 
3OBOH YaCTOTHDIX XaPaKTePHCTHKAX AAA BbIXONA. 


M3 ypaspuenua (29) Tipuazoxenna [| BuaHO, 4TO nan a==0 
(OTCYTCTBHeE TaxOMeTpHYecKOH OOpaTHOH cBa3H) MepemaTouHas 
(PYHKUHA CHCTeMbI C TaxOMeTPHUeCKOH O6paTHOM CBA3bIO CBO- 
AMTCA K ypaBHeHuo (3). 

IIpu OvicTpoM HacblWeHuH Wem TaxOMeTPHUECKOH O6paTHOH 
CBA3H & CTPeMHTCA K HY, a MepeaTouHad PyHKWAA — K ypaB- 
HCHHIO (3) HM MOSBARETCA BO3MOXKHOCTh CKayKOOOpasHOrO peso- 
HaHca. 

MoxeT BbISBaTb YAMBACHHC TO OOCTOATeAbCTBO, YTO 9TO 
ABIeHHe TAK peKO BCTpcyacTCA MPH W3Y4eHHH CJICAAULUX CH- 
cTemM. Onna 43 NpwuHH, OeccNOpHO, COCTOUT B TOM, 4TO HCCAC- 
OBATEAK YMeAAH MaO BHHMaHHA M3y4eHHIO XapaKTepHCTHK 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


6. Hacotuwenue @ cuctemax c TaxomeTpuxeckod O6paTxod cease1o 233 





Ce€MAWHX CHCTEM MPH O4eCHb OOMbUIMX CHrHaaX Ha BXOJe. 
Ho, BO3MOXHO, TraiaBHehiWad MpH4WHa COCTOKMT B TOM, 4TO 6Oub- 
LIHHCTBO CJIeAUWX CHCTeM HMCeT Lelb ONepexkKenHuA HAW, Mave 
rOBOpA, OHH KOMMCHCHPOBaHbI TaKHM OOpa3s0M, 4TO NepemaTounag 
PYHKULMA PasOMKHYTOH CuCTe- 
MBI OOLINHO| XapaKTepusyeTca 
MpaAMOM C HaAKNOHOM, OAW3KUM 
K —6 06 Ha oxTaBy. Mul 
MOK@KeEM, YTO CKaukooOpas- 
HbIM PeSOHaHC He MOKET HMCTb 
MecTa Jal CHCTeM 9TOFO 
HeatbHOro! THNMa, €CAW Kpli- 
Ban HaCbILIeHHA MMeeT OObI- 
Hyio qdopmy. Jiaa cucTeMbl, 
nmpeacTaBAsemMOK uYacTOTHOH 
XaPaKTePHCTHKOH C HaKJ10- 
HOM —-6 06 Ha OKTaBYy, CO- 
npsraiwulad |yacTota mpu Me- 
pexone K HakaoHny —12 06 
CTPeMHTCA K OC€CKOHEYHOCTH, 6 
HIM %,, CTP@MHTCH K HyuIO. 
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) Pur. 13. CemelictBo saauncos Aan 

B 9T0M cayuae cemeftcrBo CHCTEMBI, ONMCbIBAeCMOM Ora pudMu- 

SutUNeOn = YeCKOH XapaKTepHCTHKOH B Buse 

PacnOdaraeTca, KaAK =oppamoli c Hakaonom —6 O06 Ha 
MOKa3aHOo Ha chur. 13. Yse- OKTaBy. 


auyenhe =|6;| pacrsarupaer 
SJIMMCbI MO |OOCHM OCHM, TOrda KaK Npu yBeAMYeHMH w 9zMMTICH 
YAAMHAOTCA | IMWb BAOJb OCH y. 

BaokKHbIM MOMeHTOM, OTMCUCHHEIM Ha ur. 13, sBaseTca TO 06- 
CTOATCABCTBO, YTO AAA MOOOK OAHOSHAUHOH cbyHkuun K, (| E})| £| 
¢ NOMOKUTCALHEIM HAKJIOHOM B NEpBOM KBaApaHTe BCeraa HMCeETCA 





ox 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


32 P. Oasdern6ypzep 





ITpasuao pacuema 1. 3anac ycmotxusocmu no fase doa- 
eH COCMABAAM no Kpatined mepe 30°, a 3anac ycmotiu- 
socmu no amnaumyode-—no Kpatinei mepe 2,5 (8 06). 

ITO NPpaBHUAO MOXKHO OOOCHOBATb MaTeMaTHueCKH. C MOMOLLbK 
TEOPHH PYHKUHH KOMMMIeKCHOrO MePpeMCHHOFO MOMKHO MOKa3aTb 
UTO JL PaSOMKHYTOH CHCTeMbI CneayeT u30eraTb yc0BHK, Npr 
KOTOPBIX OTCTaBaHve mo chase coctaBaneT 180°, a oTHoWeHHe 
aMILIMTY paBHO eAMHune. Coraacuo npaBuay 1, 9TOTO MO?KHC 
u3OexaTb MPH HaAHYMH OMpexesenHoro 3anaca ycTohunBocrn 
Hmke Mbl BepHeMCH K 9TOMY BOMpOcy MpH paccmMOTpeHHt 
AMILINTY JHO-@a30BbIX XapaKTepHCTHK. 

TipwpewenHoe MpaBusO pacueTa DOMKHO PaCCMATPHBATbCA Kak 
rpyOblh KpHTepHh, NOSBOUAIOUMA CHeMMaAMCTY, HE HMEIOULEMy 
OcoOOH MaTeMaTHYeECKON NOLZTOTOBKH, CTPOMTb 4YaCTOTHbIe Xapak- 
TEPHCTHKH CHCTEM ABTOMATHYCCKOFO pery/JHPOBaHHA HW H30e%KATE 
HEKOTOPLIX OWMOOK MPH MpOeKTHDOBAHHH. 

MoxKHO 0Ka3aTb, YTO BOOOLE OMaCHO AONYCKATb MeHbIUNt 
ganac yCTOMYHBOCTH MO cpazse WM NO aMMnTyAe. Tak, wanpumep 
mpu 3anace ycTohumBocTH mo dase B O° HAM MpHM Bamace Mc 
aMIIHTyAe, paBuom 1,05, cucrema NOAXoAMa Obl TAK OAM3KC 
K TpaHile HeycTOHuMBOCTH, TO pelieHHe OblIO Obl CHIbIIC 
KOJeOaTeJibubIM; ECAH Obl MPH 9TOM BCe HAM HEKOTOPble “aCcTOT: 
Hble XapaKTePHCTHKH CHCTeEMbI ObIAM MOJIYueHb! MyTeM pacueTa 
a HE 9OKCMEPHMCHTAJbHO, TO Nake He3HANHTe buble akTOph 
MOPJIM Obl CheaTb CHCTeMy NOAHOCTHIO HeyCTOH4UMBOH. 

MoxketT C.AYUHTbCA, YTO, XOTA MpeAbluyulee pacueTHOe Mpa: 
BHO YOBJETBOPeHO, 34MKHYTAA CHCTeMa BCe 2%*Ke OyAeT C/IMU- 
KOM KOJeOaTeAbHOH. B KOHUe 9TOKM craTbH OyeT aH NpuMep 
HJJHOCTpHpylouln Takol cayyah. Onnako Jaa OonbWOrO UNCA: 
(PH3HueCKHX CHCTeM NIpHBeeHHOe MpaBuio OOecMeuMBaeT AOCTA: 
TOUHO XOpoWice Mporekahve Mpowecca perynpoBanna. Il paBnic 
onpeweaneT 3amac ycTohuMBocTH, KoTOpLIA uacTo OblBacT 10: 
CTaTOUNbIM H JMWb B peAKHX CAyuadxX He NpHBOAMT K HeJIM 
UroSbl ObITb yBepeHHbIM B TOM, 4TO CHCTemMa OyaeT yAOBuIE 
TBOPHTGJbHO paOoTatb, CMelMaiHCT MOMKET Oe3 OCOOKIX TPyJLHO 
cTeH M He yrayOaanch B TeOPHIO HCMOMb30BaTL TOTOBBIA Ha6o] 
YACTOTHDIX XAPAKTePHCTHK, OMNpPeMeIAIOULHX XOPOWyIO paboTs 
CHCTeMbI, H MPOCJe€MMTb 34 TeM, YTOObI XapaKTePHCTHKH, MOY 
YeHHbIe HM TpH pewleHHH JaHHOM KOHKpeTHOM 3aha4uu, CoBMa 
aw WIM Obl GAM3KH K COOTBETCTBYIOWIMM CTAHapTHbIM Xa 
pakTepHCTHKaM. 
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KOTOPOM OTHOWeCHHE aMMIHTYAbl Ha BbIXOe pasOMKHYTOM cu- 
CTeMbl K! AMIMMIHTyRe Ha BXOMe€ paBHO eCAWHHMWLe, HasblBaeTca 
,»4uacTOTOH cpes3a“. IIpeymom0%xKHM, 4YTO HMECTCH AMWb OHA 
yactoTa ¢pe3a. Hasopem 3TOT cayyah ,HOpMajbHbEIM*. Ecan 
MEI 43 180° BEIuTeM OTCTaBaHHe NO chase MpM uacToTe cpesa, 
TO NOAYYMM 3amac yCTOKyMBOCTH NO dase; HHAYe FoBOpsA, 3amac 
yerofuunocra no dase paBpeH cymMe 180° uw das0zoro yrua. 
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Pur. 11. JlorapudmMuyeckue ammautyqHaA 

H (pa30BaA YaCTOTHbIe xXapakTepHcTHKU 

PdaSOMKHYTOH CHCTeMbI peryaATOp — ABH- 
raTeJb. 


Pa3z0Bblfi yroa CuMTaIOT OTPHWaTebHBIM MPH OTCTaBaHHH HU 
NOJOKATEALHBIM MpH OnepexkeHHH cpasbi. Ecau wMmeeTca He- 
CKOJbKO YaCTOT cpe3a, TO yKa3aHHad CyMMa OMpelenaeTca Las 
KaxKLOH YacTOTL! cpe3a HM HaMMeHbIaAt W3 HMX OyeT 3amacom 
ycrohunsoctu no dase. Jia paccMaTpuBaemoro BbIle MpumMepa 
3amac ycrofiuupoctu mo dase nokasaH Ha ur. 11. On paper 
npHOau3zuresmbHo 30°. 3a ocb aOcuncc yOOHO NpHHATh Topu- 
3OHTAIbHY!O TIpAMyIO pH 3HaveHHH OTHOWeHHA aMNANTy. (ycu- 
neve MO|TepMHHOJOorHH Boge), paBHOM eAHHHLe. 

Touky, B KOTOpOH oTcCTaBaHHe no dase paBHo 180° (daso- 
BLIA yrom papex —180°), Ha30Bem ,TOYKOH Mepexola casi". 
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@YHKUUA 2 (w) #1 B (w) 
Cucrema wm | mare | ame sete dle a (w) 8(w) 
- j af ep | 
Ke, 2. 
a p+ 5p) Powe : 
= §6=19=6—19 _ AyG-+ tp) — 0? [(ty + t3 — ty) + w2t44,73] | © (1 — w? [2473 — ty (ty + %)]} 
P(L + typ) (1 +P 9p) 1 + 0°} 1 wn? 
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6. Haceuyenue @ cuctremax c Taxomerpuueckotl o6parnot caaseto = 237 
Pe SOs, pS aa Poe ot aC te Step Ml cal acai aaa 
KaK Jpyrve'ee yacTH ABAMIOTCA AMefHbIMH, TO MCTO MOXKHO 
pacnpoctpaHuTb Ha MHOTOKOHTypuHble cucTembl. HyxHo nosy- 
YHTb UACTOTHOE BEIPAKeHHe, CBASHIBAIOLCe HACHILLAaIOLNHeCA Be- 
auuuupl c 6,, HampHMep B Cayuae TaxoMeTpHyecKOM OOpaTHOH 
cpa3u 0,/0; ({/w), H 3aTeM pa3IOXKUTh NOAyyeHHOe BbIPAKeHHe 
aHanOrHyHo ypaBHenuw (18) c Tem, 4TOOH MpoBectTH rpaduye- 
ckoe nocTpoeHte. 

CaeqyeT |HaNOMHHMTb, 4YTO BEILIe ObIMO CeaHO MmpeAno10- 
*KeHHe O TOM, YTO HCKaKeHHA CHIHaOB Matt. B HeKOTO- 
PphIX MpwaoOKeHHAX ObIBAeT HEBOSMOXKHO CilelaTb Takoe O- 


nyueHue. 


AHaJIH3 NepeXOAHEIX MpOWeccoB MpOCTHX CAeqAWHX CHCTeM 
C HaCbIjeHHeM 


HekxoToppie cBoficTBa mepexOAHOrO Mpomecca CMe MAWIUX CH- 
CTeM C HACDILeHHeEM MOTyT ObITb yCTaHOBJeHbl H3 paccmMoTpe- 
HHA YACTOTHBIX XapaKTepHCTHK. OXHaKO STOT MCTOA COMHHTE- 
eH, Tak Kak Ja HeAWHeMHbIX CHCTeM NAPHHUKNM CyNepno3svluu 
HecipaBeAIMB. XOTA HCCAeOBaHHe MepeXOAHEIX MPOWeCccoB Cate- 
NAULMX CHCTeM C HACBILeHHeM WH He ABAAETCA WebIO HACTOAULeh 
CTaTbH, TEM: He MeHee MOXKHO YKa3aTb HEKOTOPble BO3MOXKHbIE 
cnoco6bl pellieHist STOM 3a1a4H AA MpOcTbIxX CHCTeM C Hacbi- 
uleHvem K,(\/E|) c aMMaMTyAHbIMH YaCTOTHBIMH XapakTepHcTH- 
KaMH C HaKO0HOM —6 06 Ha OKTaBy, a TaKoKe XapaKTepHcTH- 
KaMu THMa +6 —12. 

Jina mpocrof cuctems! Tuna —6 xapakTepHcTHyecKoe AN- 
cdbepeHuvalbHoe ypaBHeHHe MmeeT BUR 


HK (IENE=0. (21) 








ITO ypaBHeHHe MOXKHO pelllWTh METONOM pa3sieneHHA MepeMeH- 
HbIX H MOAYYTh pelieHHe Wn BpeMeHH Kak MyHKuAH OWNOKH E 


B BULLE 





dE 
t=—f eqmrt¢: (22) 


Vinterpupopalve MOKHO BbITIOJHHTb rpaduyecku no oOpaTHok 


KpHBOH HacbillleHHa. 
Jina HOpMasbHOu KpHBOH HaCbILeHHA MOCTOAHHaA BPeMeHH 


B cayyae HaCHULeHNA COME NOCTOAHHOM BpemMeHH B AMHeMHOM 
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HOBICHHSA (akTOPOB, BbISDIBAIOWWHX PacxO*KMenne TeOPpeTHVeCKUX 
MH 9KCMePHMeHTAJIbHDIX Pe3yJIbTATCB, M Jan pacueTa CHCTeM 
ABTOMATHYECKOrO peryAHpOBaHHA. 


PacueTHbl2 KPHTepHH, OCHOBAHHbIe Ha UCNONb30BAHHH 
aAMILIMTYHOH HW asz0BoH xapakTepucTHK 


Ilo aMmautTy HOW uM cbas0BOH XapaKTepHCTHKaM PasOMKHYy TOM 
CHCTeMbI ONpeeaAIOT XapaKTePHCTHKM 3aMKHyTOM cucTempl [1]. 
O6osHauMM uepes F CKOpOCcTb, KOTOPy!O HeOOXOAUMO MOALep- 
0KUBATb NOCTOAHHOM (3aaHHbIft BxXOMHOM CHrHal), a 4Yepes 


iS r-C 
+ 








®@ur. 10. 3amKHyTaa CHcTeMa peryAnTop — ABHraTeJb. 


C-— ReCHCTBUTeEAbHYIO CKOPOCTb ABUTaTeJ (OTCUMTLIBAeEMYIO OT 
yCTaHOBHBINerOca sHaveHHa). Cxema peryaupoBaHua CKOpOCTH 
mpurateia wu3s00paxena Ha ur. 10. aa nopmasbHoh pabdorTni 
HeOGXOAMMO, 4TOOBI cucTeMa Oplla ycrohunson. Ilo suzy amnanu- 
TynHol uw casoBoh xapakTepHCTHK pa3OMKHyTOM CHCTeMbI (CM. 
dur. 5) MOKHO CyAMTb OO e€e yCTOMYMBOCTH B 3aMKHYTOM CO- 
CTOAHHH HM BbIBeECTH OOWIMe MpaBu.la pacueTa TaKOM CHCTEMH. 

AMMLIUTYLUbIe H PasOBble KPHBble yROOHO CTPOHTb Ha OJHOM 
rpaduke. Jlia paccmarpHBaemMoro mpuMepa C ABuraTesemM TaKHe 
KpuBple MpHBeslcubl ua dur. 11. 

Mepspaxs paSotTa, MoOcBalleHHas aCTOTHOMy MeTOAy, Obla 
cny6aukopana [lalikeucrom [2], KOTOppIN MaTemMaTH4eCKH peluHA 
3anauy OO yCTOHMYMBOCTH JMHeEMHBIX 3aMKHYTBIX CHCTeM, CBedt 
ganauy K W3yueHHiO XapaKTepMCTHK pa3sO0MKHyTOM CHCTEMbI. 
Bowe pasBua 3TOT MeTOA H BBE MONATHA yCusenHa [3] uM 3amaca 
ycrofiunpoctn no dase. Hcnomb3ya 9TH NOHATHA, MOMKHO jLaTb 
HeKOTOpble MpoOcTHle MpaBHila pacueTa. 

IpeanosoxKuM, 4TO K CHcTeMe S NpwAOKeHO MaloOe BOSMY- 
uleHHe 8, KOTOPOe, BO3MO2%KHO, UcuesaeT CO BpeMeHeM. Ec 
MepeXxOAHbDIA TMpowecc, BLISBAaNHbI OTHM BO3MYLIeHHeM, 3aTy- 
xaeT CO BpemeHeM, TO ToOBOpAT, UTO CucTema S ycrTofunsa 
B npoTupHom cayyae cucrema S ueycTohunsa. “actota, pu 
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IEMEHT H3MEPCHHA CKOPOCTH ABHTaTeAd NpeaNONaraertca OTK.A0- 
CHHBIM OT BxXOMa peryaaTopa. Ecau Bxognofi curuaa e (pery- 
(Mpyloulaa MepeMeHHaA) peryAATOPa H3MeHACTCA CHHYCOMMAbHO, 
© BbIXOA ¢ (peryaupyemMad MepeMenHad) ABUTaTeas, a HMeHHO 
KOPOCTb JBUraTéed (OTCUMTLIBAeCMad OT YCTA@HOBMBUIerOca 3Ha- 
CHHA CKOPOCTH),| MpakTHyeCKH Oy eT H3MeHATLCH TOKE CHHYCO- 
anbHo. Moko M0KasaTb, 4TO aMMAMTyWHan XapakTepucTuka 
MCTEMBI, COCTORLeH H3 peryAATOpa u ABUraTeaAa, Noayuaerca 


'0O 








1 








Jt 
0.001 O00? 003 0} 1 


Yacmoma, 24 Yacinoma, 24 


‘ur. 6. JlorapupMuueckan am- ur. 7, Jlorapudmuyeckan cazo- 

IMTYMHAA YACTOTHAA XapakTe- Bad YaCTOTHAA XapaKtTepuctTuka JBu- 

ACTHK4a Pa30MKHYTOH CHCTeMbI rateaa Ju3eaa, 
peryaatop — 2BuraTeab. 


yYT€M MPOCTOFO |CMOMKEHHA OPAMHAT aMMMVINTYAHbIX XapakTepu- 
“HK, MOCTPOeCHHbIX B AOrapH@MuueCKHX KOOPAMHaTaX. Takum 
)pasoM, CCH MBI C/IO%KHM BekTOoppht Au B ua pur. 3 u 4 
a4 yactote 0,03 24, To nonyumm Bektop A-+ B ua our. 6, 
le MpeAcTaBena AMMIMTYHaA XapakTepHCTHKa pasOMKHyTOH 
ICTeMBI peryatop— aBuratenb. Y06HO MpHuATh ropusoH- 
WIbHY!O JIMHHIO GC HHACKCOM | 3a OCb aOcllMcc, TaK KaK sora- 
iPM CHHHUbI e¢Th uyab. Bexropp: A, B u A+B orcuntu- 
lOTCA OT STOK OCH. 

YToObl MpHMeHATb MeTON COKeHHA OpAHHaT, HeEOOXORUMO 
IXO1 peryAaTopa M BXO OSbeKTa peryaupoBanua (peryan- 
‘€Maad@ CMCTeMa)! H3MEpATb B OJHHX WM TeX 2Ke eNMHHMMLAX. 
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mu dasy. Ero MoxKHO 3anuHcaTb B Buze 9,= BO;,, sin (wt — 9), 

rhe BU @ ABAMOTCA PYHKUMAMH wo (AMIVIMTYAHaA MU casoBas 

YaCTOTHbI€ XapaKTePHCTHKH CeAsiueH CHCTeMbI). 
CrenopatesbHo, CurHa. omM6Ku OyaeT paBeH 


HJM B BeEKTOPHOAM 3allicu 
i= Dim Z 0° — Bin is $e. (28) 


Beanuguuy E MoxKHO HaliTH NO YacTOTHOH xapakTepucTuKe, 
npwpeweHHoi wa cdbur. 14. TIpu nuskux yacrotax B npu6sausu- 
TeJbHO PaBHO e€AMHMUe, a po O°, TaK YTO aMIMTyNa curHana 
OWMOKH OYeHb Mana. OHaKO MpW BbICOKHX 4acTOTAaX sJanKe 
B XOPOWO CTaOHJM3MPOBAHHbIX CHCTEMAX ABTOMATHUCCKOTO pery- 
AMpopaHua B mMoxetT Obith oKoT0 1,4 u g— oKovIo 90°. 

ITpH onpenzenenHoH uacTtore HanpsKeHHe OLIMOKH LOMKHO 
ObITb paBHO KOpPHIO KBaapaTHoMy u3 [1-+(1,4)?] wan curHany 
Ha BXONe€, YMHOMKeHHOMY Ha 1,72. Takum 06pa30M, Mp BbICOKHX 
YaCTOTAX MeHCTBUTeCJIbHBIM CHTHA OWMOKH, KOTOPBbIN Nomaetca 
Ha yCHJHTeb, OOBINHO MHOrO GO/bUIe BXOAHOTO CHrHana U 
MOKET BbI3SKIBATbh HEMPeABHACHHbIe 9*MeKTHI HAaCbILLeHHA. 


SaksmouenHne 


B sTOH CTaTbe MalOTCA HEKOTOPbIC MOesHbIe MeTONB aHa- 
MM34 CACAMUMX CHCTeEM C HacbllleHHemM. YcTpolicTB, kKoTOpbie 
KOMMCHCHPOBaJIM WJM YMeHbIUalH Obl BAMAHHe HaCbILeHHs, npel- 
MOHKCHO HE OLIIO, XOTA M3 aHaM34 MOMKHO NOAyYNTb LAA 9TOTO 
HeOOXOMMMbIe peKoMeHnauun. Byker au adcbext nacpiuenna 
BPeHbIM HAM HET, 3a€BHCHT OT MpHMeHeHHA TOM HAM WHOM UC- 
CAeyeMOH Cieqaulel CHCTeMb. 

HM3AO%KeHHbIe 3ECb MPMHUMMb! HU B KOeM CJly4ae He Cue- 
MyeT pacCMaTpMBaTb KaK €CTECTBEHHbe 3aKOHbI. Mowno yrsep- 
KLaTb JMWb TO, YTO 9TH MPHHILMMbl MPHMCHUMBI B HECKOJIBKAX 
MPOCTHIX C/JydaA#X H, CJe€OBATeJbHO, MOFyYT UCNOAb3OBaTBCA 
Hapaly C MpyTrHMH aHaJIMTMYeCKHMH CpeACTBAMH MpH pacyeTe 
He€JHHEHHBIX CHCTeM. 

Hakone, BAL MomyuenHol slecbh mepenaTounof byHKunn 
TaXOMETPHYeCKH CTaGHAM3SHpOBaHHOH CaenALeH CuCTeMbl O¥eHb 
ynooeH Aad aHaiM3a M CHHTe€3a TAKMX CHCTeEM H ero O6MaCTb 
NPHMeCHCHHA HE OFPpaHH4HBaeTCA TOAbKO BOMPOCaMH HACbILLeHHA. 
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TIIPHJIOMK EHUE! 


llepenaTounad @yHKuHA caenauleh cucTemME c TaxXOMeTDpH- 
4“ecKOH OOpaTHOH CBASbIO H MacCHBHHIM @HAbTpOM 
BbBICOKHX 4acTOT 


O6pamanch K 6n0K-cxemMe Ha dur. 1, umeem 








On : @ 
6, == WN ’ O77 = Ne ’ 
bn a, ——_Km : 
Vi p+, p)’ 
Y= KE, 
Ey KE Vy 
V; 7 K pp 8p, 


| | Ey = Ke (8; —-9,) = K,E. 
OGbeanusd 9TH ypasHeHHA, nOoyyaem 


Pind : Kinke Ee topt NO 
0 ‘Np (1 + tmp) [AK E KiKottup Ne 








HJM 
0, | + eRe = 
Np  p(l+-t,,p)+,p) | ~ 


a AmkaKiKe EO 
a | N Pp(l+%pp)°* 
Baenem caeayioutme o6osnauenna: 
k, = KekyKoKin 
N 
HYTOM CucTeMbI; 


\? 


KKK 


K 
2° \m Son ats 
— kosuunent ycuaenua uenu taxome- 


TphuecKkoH OOpaTHou cBa3zu. Toraa 


—— HOAHBIA KOSPPAUMEHT YCHeHHA pa3zoMK- 


Q- 


{PCL + tm) (1 + tgp) + atyp*] = KoE (1 + app) 





M 
Oo tas on Kelly) gy 
EO Pin Flim T+ aylp pip 9) 
16 ay 2356. | 
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b49 E. Jleeuncox 


BptpaxkeHie B 3HaMeHaTewe MOXKHO NpeoOpasoBaTb K BUY 


(1+-7p)(1 +-73P), 


rae 
ty t3= tm + (1 +2) ty, 
HAH 
i a3), Sie, 0 
tq 1%, Te e ) 
H 
“4 8. tm. 
Sf Bam fifa. (31) 


TlouTH BO BCeX MpaKTHYeCKHX CHCTeMaX Tt, HM€CT TOT Ke 
NOpAOK, 4YTO H t,, B TO BpeMA Kak a ~S> 1. CareqopatesbHy, 
1-+¢,,/t, O6bIYHO MaiO MO CpaBHeHuio c a. Jina ycrohunBocTu 
KeNATeIbHO TaKKe, YTOOb! tT, PAaBHAIOCh 4/gt., TOra Kak MpH 
BbICOKUX KOS(UUMEHTAX YCHACHHS CHCTeMbI A, BeJIMYHHAa Tt, BCer aa 
Gombuie t,. TlosTOMy %3/t, OObIUHO SHAYHTCbHO MeHbIle 7T,/Tp. 

Torga B ypaBHeHuu (31) t/t, -™4, HAM t= at, MW, NOL- 
cTaBiaa 3TO B ypaBHeHHe (30), Moayyaem 


tg tm/te 
v3 of . 
HAM 
tm 
t= —. 
3 a 
Cre opaTeJbHo, 


No oe Ky (1+ tep) : 


~ (32) 
E 
p(1-+anp)(1-+ = p) 
NQPUJIOMKEHWME Il 
a(w) wu B(w) aan cucTeMbl Tuna —6— 12—6— 12 


C( jo) = BU). = jy Gr dow + Jor) 





A (jo) (1 -{-Joty) 
— jy Looe tio ts) Caos) _ 
(TateJ ©) (1 — joty) 
= fu {1 — 0 [tyt3 — te (1 + t3)] + Jo [Cty + 13 = te) + 07% ty78]} 
lo %} 
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WJ 
Opie tt o [(t1 + % — %,) + wy tt] 

(J) piers ie wen + 
=e jo {1 — irae + %g)]} : (33) 
Caenopatesbno, 





a(w) = — ot ats =o t (34) 


Eo) = 0 Sa. (35) 


JUTEPATYPA 


- Harris H,, \7rans. AIEE, 66, 83 (1947). 

2. Teopua caeaauux cuctem, nog peg. X. JIaehtmca, H. Hukoanca u 
P, Puaaunca, U3qateabcrso wnoctpannolt AuTepatypy, 1953. 

3. Crokxep J.) Heanneiupe xoneOanua B MCXaHHYCCKHX H SACKTPH- 
NECKHX CHCTeMaXx, H3qaTeabcTBO MHOCTpaHHOn autTepaty pu, 1952. 

-Rauscher M,, J. App!. Mech., 5, 169A (1938). 

.fleun [Ta ptor JI x., Teopua Kone6anuh, Toctexu3yat, 1942, 

- Minorsky'N., Non-Linear Mechanics, Ann Arbor, Mich., 1947. 

»-McDonald D., ,Non-Linear Techniques for Improving Servo 
eee Proc. Nat. Electronic Conference, vol. 6, 1950, 
p. ; 


te 


“IM cn te 





16* 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


7. T1PHBIIWKEHHbDIA YACTOTHDIM METOJ, MPECTABJIEHHA 
HACbILLEHHA WH 30HbI HEYYBCTBHTEJIbHOCTH ?) 


Ir. Yecmuam 


Baenzenne 


PesybtaTH padot Koxex6yprepa (1] u xoncona [2], 
MOCBALLCHHEIX [IPpHMCHCHHIO YaCTOTHbIX Me€TOAOB AA pacieTa 
HeAHHCHHBIX CHCTeM ABTOMATHYeCKOrO peryAHPOBaHHA, MO2HKHO 
IpHMeHHTb B NpHOAWKeEHHOM Bude K 3alauaM C He AMHeHHOCTAMH 
Tuna HACbILLeCHHA H 30HEI HeYyBCTBUTeAbHOCTH. MOKHO MOKa3aTb, 
uTO KaxkKlad W3 9THX HesMHefiHOCTefi MOKeT OblITb MpeACcTaBAeHA 
C MOMOULbIO ,9KBUBATCHTHOrO AMHeMHOrO* KossuuneHTa B Ka- 
uecTBe ee ONMCHIBAIOWeH PyYHKWMH. THnWuHble MpHMepbl Hacpillle- 
HWA HM 3OHbI HeYYBCTBHTeALHOCTM HCNOAb3YIOTCA AAA HAMOCTpa- 
WMH sTOrO dusHyeckoroO MNpHOTWKeHHA 3aNadH. 

B jaHHofi cTaTbe oMmpeneaseTCH H3MeHeCHHe SKBUBAMCHTHOTO 
yCHeHHa JIA paCCMATPHBaeMbIX THITOB HemHHehHocTeH Mpu 
CHHYCOWMAMbHLIX BXOMHEIX CHPHalaX H MpHBOANTCA AOMOAHK- 
TeAbHOe COOTHOWeHHe Me@2KAY M3MeHeHHAMU KOSPPHUMEHTOB 
YCHeHHA, COOTBETCTBYIOWHX HAaCbILeHHIO H 30H HedyBCTBH™ 
TeabHocTH. TIpopeweHo CpaBHeHHe MepeXOMHbIX XapakTePHCTHK 
fipH CTYMeHYaTOM BXOAHOM BOsKeACTBUH AA CAeWAULHX CHCTEM, 
MMCIOULMX AHGO HacHiuleHHe, HOO 30Hy HeYyBCTBUTCAbHOCTH 
C pe3yAbTaTaMH, MOAyYeHHBIMH Mp HCHOAB3OBaHHM ONHCHIBalO- 
ue cbyHKuuH B GopMe SKBUBaNeHTHOTO AMHEAHOTO Kooppu- 
wuenta. Kak TouHbIt, Tak HW MpHOAMKeHHDIA MeTOAb anadisa 
moKa3bipaloT, 4YTO, KOTMa HMeIOTCA HaCbILeHHe HH 30Ha HeuyB- 
CTBHT@/JIbHOCTH, B CHCTeMe MPH HeKOTOPHIX YyCAOBHAX MOTYT 
BO3HHKHYTb HesaTyXalolive KoOeOaHua. 

Kpome momyueHHa KayeCTBCHHBIX CBCHeHUA O XapakTCPHCTHKE 
CHCTEMH C HACHIUCHHeEM HAM 30HOKM He4yBCTBUTe/IbHOCTH, pac- 
CMaTpHBaeMHIA B CTATbe MeTOA MOKET OMT HCNOAb3OBaH AMA 
NpHOAWKeHHEIX pacueTOB NpH Haan HeAuHefHocTeH B Ooaee 
CNO2KHHX MHOTOKOHTYPHBIX CHCTeMAX. 





1) Chestnut H., 7rans. ASME, 76, Ne 8, 1345—1363 (1954). 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


7. Yacrorxoiit metod npedcrasnrenua runoeoix neauneitnocred 245 


THHOBbIe Saga4uH Cc HaCbIMeHHeM H 30HOH 
HeC4YYBCTBHTCJBHOCTH 


ina packpsitua dusnyueckok CYWIHOCTH ABAeHHH, Mpoucxo- 
AAULHX MPH HAaAHYHH HACHILLeCHHA HU 3OHbI He€4vYBCTBUTeC AbHOCTH, 
PaCCMOTDHM HECKOJbKO XapaKTePpHHX MPHMeEPOB C TaKHMH BUaMH 
He JHHEAHOCTH) 


Hactiwexnue 


JImHefHas | 3aBHCHMOCTb Mey BLIXOAOM H BXOAOM w060ro 
YCHNTCAbHOrO =ycTpofictBa (MeXaHMYeCcKOro, 9AeKTPHYeCKOrO 
WH THApaBAnueckoro) CipaBeaMBa B JY4UeM Cayyae AHUIb 


Boixod 
+ 






+ 0, naceiupennoe 
aHovenue GbIxoUa + 


—I|, , npedenbuoe 
3HOYeHUE BbIxOdAa ~ 





Bxo 





+ 
npedensioa snavenue 8x00 
6xoda -+ 





+ I. 


- Os , Hacbnyennoe 
3HaYeHUB BbIXOda < 





Boixod 





Pur. l. Xapakrepuctuka anemMenTa c HacbIleHueM., 


—— Aeh¢TsxterbHaa KpuBaa; — — — nAeaaH3upoBannaa K PHBas. 


B OFpaHw4eHHow O6aacTH sHayeHuA BxoAHOA cbyHkunn. JLn- 
BXOHBIX BeAHYHH, MpeBbIWalOWMxX HeKOTOPOe MpenenbHoe sHag 
N€HHe, BEIXOT! MepecTaeT ObITh MpPONOPUHOHATbHEIM BXOAY UH 
REACTBHTEbHOE OTHOWeHHe BbIXO/BXO yMeHbillaeTca. Jo 
ABCHHE HasblBacTCA Hacbllennem. Ha cur. | cnwowHot KpHBon 
H300paKeHa XapakTepucTHKa HacbluleHHA. Bxog M BBIXOA MOryT 
GbITh BHpaKeHh B AOOWX WetecooOpasHix eMHHWAaX ¢C TeM 
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246 I. Yecruar 





yCHOBHeM, TOOK Me%KY BLIXOOM WH BXOJOM CylileCTBOBaAO 
OMHO3HAYHOe YHCAeHHOe CooTHOWeHHe. UToObl NoKasaTb BAMAHHE 
TaKOM XapaKTePUCTHKH HACHILCHHA Ha ONMCHIBAIOWyIO PyHKWLHMIO 
geMeHTa, HWxKe OyAyT paccMOTpeHbI MpMMepbl HaCbILeCHHA 
QCKTPOHHOFO YCHANTeAA NO HalpArKeHHIO WH HACHILLEHHA ABHra- 
Te MOCTOAHHOTO TOKa MO MOMEHTY. 


Hactiuenue no nanpaocenuto & BACKMPOHHOM YCuAUumMere 


Jina yMpoweHHa aHaqH3a HaCbIeHWA 3CKTPOHHOFO yCHAH- 
Te TIpeANOAOKUHM, UTO DeMCTBUTebHad CTATHYeCKaA XapaKkTe- 
PHCTHKA, CBASbIBAIOWLAA BXOJ HM BbIXO] yCHJINTe/A, CHMMeCTPHUHa 
H 4TO €€ MOXKHO MPHG6JIKeHHO 3aMCHHTb HeaH3shpoBaHHok 
XapaKTCPHCTHKOM HaCbIleHHA, Kak MoKasaHo Ha chur. | Mepe- 
CeKaIOWMMHCA MyHKTHPHBIMH TIpAMBIMH. OdHa NpsAMad NpOxoAHNT 
yepe3 Hauvan0 KOOPAMHaT H MMeeT TOT 2%Ke HaKOH K, uTO H 
NeHCTBHTebHad XapakTepHcTuKa ycuanters. Jipe Apyrue AMHHH 
MMCIOT HaKOH, paBHbifi Hym0, H 3HaueHHA -+ Og un — Og Ipu- 
O6AWKeEHHO PaBHbI 3HAYCHHAM BHIXOMa MPH HACbILLCHHH COOTBeT- 
CTBEHHO JJId OOAbLIUX NOAOKUTCABHBIX HW OOMbIAX OTPHWATeAb-~ 
HbIX 3HAYCHHA BxOla. 

IIpenenbubie 3Ha4ueHHA BxXONa = /y, ABAAIOTCA 3HAYCHHAMH, 
MPH KOTOPBIX JHHHA C HaKAOHOM K MepeceKaeT Mpamble C Hy- 
J@BbIM HAKJOHOM HM MOCMe KOTOPbIX 3HaYeHHe BbIXOMa OCTAeTCA 
NOCTOAHHEIM. Takum oOOpasom, 


In= (1) 


Tak Kak KpuBas, NO ApeANOAOKeHMW, CHMMETPHYHA, TO 
NIPeMeJbHble 3HAYCHHA A MOAOKHTEADHDIX HW OTPHLaTeAbHbIX 
BXOOB OJMHAKOBLE HU COOTBETCTBYIONIHe MOJOKUTEAbHBIC HM 
OTPHUATCAbHbIe 3HAYCHHA BEIXOA Mp HaCbILeHHU TakKKe PaBHbl. 

Ecau KO BXOAY YCHANTeJAA, HMeIOLeTO HLeaTM3HPOBaHHylO 
XxapakTepucTuKy (cM. dur. 1), MpumoxKeHO CHHYCOHJaAbHOe 


HanpskKeuHe 

i,(f) = Iysiné, (2) 
rae Jy > /,, To BEIxon O,(t) OyneT HMeTb PopMy, NOKasaHHylo 
Ha dur. 2. 


Tina sHauenni— /, <i, < -+-/, Beixon O,(t) OyneT mpo- 
NOpuwoHateH i, (¢) Cc KoIdpPULHeHTOM NPOMOPLHOHAAbHOCTH K. 
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J[na sHauennht 2, > Jy, BbIxog Oy eT MOCTOAHHEIM H PaBHBIM Og 
(sHayeHHe QO, (¢) pu HacbiuleHHH), aa 3HayeHu 7 <—Tl/r 
BHIXOL TakKe OyReT MOCTOAHHBIM M paBHbIM— Ov. "Yron a, 
pH KOTOpOM O,(¢) mepectaeT 6nITb MPONOPWLHOHABHEIM 7, (f) 
paBen - 8 was 


Seer mr: 
= afc Sl oes oem 
sin (3) 

SaMeTHM,) YTO Aa 9eKTPOHHOrO YCHAHTeAA (OpMa KPHBbIX 
Ha dur. 2 H,SHAaYeCHHE & B MHTepecylouleH Hac OOnacTu YacTOT 





Bxod, ig (t) =I sint 
Buixod, 0, (t) 






| a 
: Qn 
t 
Co ee een | ee eee 
| 7Os Boixod 
Nee 
ly De geben ey eee es Bxod 


Pur. 2. Berxon Og (t) snementa c Ha- 
CbHITeHHEM Kak yskKuuA BPeMeHH AAA 
BxXOAHOrO curHana 7 (t) = /, sin Z, rae 


Iy>T, (,—upexeabyoe 3naqenne 
BXxOMa). 
@=are sin (f7/f x). 


He 3aBMCAT OT YACTOTHI CHHYCOMMaAbHOrO BXOAHOTO CUrHaaa. 
Ana TakWx CMHYCOMMaAbHBIX BXONOB OCHOBHaA rapMOHHKa BbI- 
XOa Og, HaXOMMTCA B chase C OCHOBHOH rapMOHHKOH Bxona Jy 
H OTHOUICHHe: M@KLY HMMM ABAReCTCA BeJHYHHOM, 3aBHcaUtet 
OT a. Takum o6pasom, 





Our f 

Ty @: (4) 
P | 

re G (a) — onncpiBaiouaa PyHKUMA yCHAMTeNA C HACLIWeHHeM. 

ilockombKy «© 4 [y//q cBA3aHbl paBeHcTBoM (3), TO O4eBHAHO, 

4TO OTHOWeHHE Og; //m u3 ypaBHeHua (4) TakKoxKe MOKHO BbIpa- 

SHTb Yepes /7//y, a He vepe3 a. 
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et 





Hactiumenue momMenma Osuzamearan 


SipaeHHe HACbILLeCHHA MOMEHTA JBHTaTe/A B CHCTeMe peryAH- 
fOBaHHA CKOPOCTH ABHTaTeA MOCTOAHHOTO TOKa, u306pa- 
*KeEHHOH Ha ur. 3, MOKET OKA3aTb HeKeMaTebHOe BAMAHKE 







Haepysxa 





Ynpasanouzuil 
yCUAUMCAb 


fenepamop Asuzament 


Pur. 3. Cxema peryanpopanny” reiicpaTop — ABHraTedb 
C HaCHIIeHHeM ABHraTelA MO MOMCHTY. 


Ha paOoTy cuctembi. Bcseactsne sdekToB pasMarHuunBaHnA”, 
BLISbIBAeCMbIX HeMOJHOH KOMMeHCalMel OOMOTOK HW MarHHTHbIM 
HACbILLCHHeM, MOMCHT ABHraTela, ABAIOWMicaA dyHkuHe ToKa 
AKOPA, MOKET HMCTb HACaTHIHPOBAHHY!O XaPaKTePHCTHKY Hacpl- 
WeHHA, MOKasaHHy!o Ha cpur. 4, 
roe Tg —3HaueHHe MOMEHTA 
npw wacpujennu. Ha dur. 98 
NpHBeAeHbI rpapuku TOK siKOPA 
HU COOTBETCTBYIOIWLErO MCOMCHTA 
apuratedA Kak (byHKWWn Bpe- 
MeHH TPH CHHYCOH4a/bHOM H3- 
MCHeHHH TOKA AKOpA C MOCTA- 
TOUHO OombWOK aMMANTyON, 
NpH KOTOpOM MMeeT MCCTO Ha- 
Pur. 4. Wyeanu3znpopannan cpujeHue MoMeHTa. OcHoBHad 
XaPpaKTe pHCTHKAa HaCbIDJCHHA MO- lr aDMOHHKa MOMCHT@ H&aXOUTCA 
MCHTAa ABHraTeJA B 34BHCHMOCTH B (pase C TOKOM AKOPA u uMeeT 
OT TOKa AKOpA. 

aMMAuTyAy, KoTOpad ABAAeTCH 
(byHKuneH MAaKCHMAaJbHOrO TOKa AKOpA Iy. Takum o6pasom, 
OCHOBHYIO TapMOHHKy MOMe€HTa ABUTaTetA# MOMHO BHIPasHTh 


(bopmy 10h 


Momenm OGeuzameaa 









[, Tox siKopsi 


Moment = K ol, | (9) 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


| ee eee a 
Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


7, Yacrorneid, meroO npedcraeAenun Tunoseix neaunednocred 249 


roe K _ KOSPPuUMeHT OpPPeKTHBHOTO MOMEHTA, NPHHMMAalO- 
WHA CleDyIOUulWe 3HadeHHaA: 
Kp= Kp spy —I,<In<+h, 
? 
Ky>Kr>0 apa In>l, u In<—T,z. 


laf OTWeAbHBIX 939/CMEHTOB CHCTeMBI, COOTBETCTBYIONLHX 
bur. 3, MOXKKHO COCTaBHTb CleMyloulve ypaBHeHunA: 





E=RI+-K,s0, (7) 
Kl == Js°0, (8) 


roe M,—BxogHoe HanpaAxKenHe ynpaBasoumero ycuanreas; 
K — kosuuwenT ycuenna ynpaBasiomero ycuautean; Tp— 
NOCTOAHHAaA BPeMeHH yilpaBasiomlero ycumHTeaaA. 


Tox axopa Iysint 






Momenm deuzamena 








Pur. 5. MoMeHT ABHraTeiad HM TOK AKOpA Kak 
pyakane BPeEMEHH Mpu CHHYCOMAaAbHOM H3MeHeHHH 
TOKa AKOPA MH HaM4MH HaCHILeHAA NO MOMeHTY. 


a=are sin (77 /T 4). 
| 


Uckmouaa 3 NOcweqHHX ypaBHeHHH FE u /, umeem 
ees K/Ke (9) 
M, S(T, s+1)(Tys +1)’ 
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950 lf. Yecruar 
rae 
, JR 
iy = 
KK 


--» 9PPeKTHBHAA MOCTOAHHAN BPeMeHH BUraTe.a. 
M3 9Toro BEIpaKeHHA 1A NOCTOAHHOM BpeMeHH ABUraTeaA 


f 
cnenyeT, uTO Ty yBeAMuMBaeTCA C YCHAeCHHeM HaCbILLeHHA MO- 


, 
MeHTa (T. €. MpH yMeHbUIeHHM 3HaYeHHA K 7). Hexenateabupte 
ABJICHHA, BOSHUKAIOWUMe Mp yBeAMYeHHH MOCTOAHHOM BDeMeHH 
ABuraTeAa, XOPOWO H3BeCTHHE. 


SOHa HeLyecmeumervnocmu 


SoHa HEYYBCTBUTeCABHOCTH, MH MOT, ABAIAeTCA Apyrum 
BUJLOM HeJIMHeCHHOCTH, TaKoKe YaCTO BCTpPe4alOuWHMCA B CHCTeMax 
aBTOMaTHYeCKOrO peryanpoBaHua. XOTA OOBIYHO 30Ha HeuyB- 
CTBHTe/IBHOCTH CBA3AHA C HeCco- 
BePUIeCHCTBOM Mpollecca H3roTo- 
BAeCHHA, MOXKHO MpHBeCTH pad 
npHMepos, Korla 10 orpanuye- 
HWA eHCTBHA HAMePeHHO BBO- 
AMTCA 30H4 HCYYBCTBUTEAbHOCTH. 
XapakTepHCTHKa 30HbI HeuyB- 
CTBUTeCJIbHOCTH mpeacTaBjleHa 
rpaduyecku Ha cur. 6. Tlyuk- 
THPHOK AHHMeH MOKa3ana Uea- 
JM3MPOBaHHad KPHBAA BbIXOMA 
QJeMeHTAa C 3OHOH He4yBCTBH- 
TeJIbHOCTH Kak (YHKILMA BxXONa. 
Pur. ee XapakTepuctuka 30HK. =(CyyomHoftt KPHBOH moKa3ana 

Boe eacnias XapaKTepucTukKa, Ooviee Onu3Kan 
_TAeieymmeavan wpinasi | peasbHOl, B KOTOPOM HaKsOH 
1B — WMpvna 30HbI HeYyscTBHTeAbHOCTH. KDHBOL BOWM3H == /p/2 vu3Me- 
HAeTCA MOCTeMeHHO, a He CKa4- 

KOM, Kak y H0eaH3HpOBaHHOH XapaKTePHCTHKH B TOUKe paspbiBa 
é Jp/2. aa sxonnpx curnanos J > /g/2 Belxod nponopuno- 
HaeH BXOAyY c KosduuveHTOM NPOMOpuMoHaNbHOcTH K, T. e. 


Botxod 
+ 





Borxon 


Sa aE (10) 
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Ecau K 9/IeMeHTy, MMCIOWeEMy Heatu3upOBaHHyi0 XapakTe- 
pHcTHKy, H300paKeHHyl0 Ha cur. 6, MpuAOKeHO CHHYCONadb- 
Hoe BO3sMylleHHe 
i, (¢) = Iy sin f@, (11) 


aMnautyaa KoTOporO /y > /p/2, To BHixon O,(f) 6yneT uMeTb 
BAX, MoKasaHHbla Ha dur. 7. Jaa sHayenu Bxona —/p/2< 
<i, < Jp/2, |T. €. B NWpewewax 30H] HeEYYBCTBUTebHOCTH, 





Bxod, ig (t)= Iq sin(t) 





Borxod, 0, (t) 





Pur. 7. Betxog Og (4) saementa c 
30HOH HeE4YYBCTBHTeCbHOCTH Kak 
@YHKUHA BPeMeCHH AA BxONa 


i, () =f siné apn Jy > [p/2. 


a=are sin (2/224). 
BHXOMHOM CHrHal OyaeT papen Hym0. Jaa anauenutt 1, > + /p/2 
BHIXON OyneT| NponopunoHaten i,—Jy/2 c KoappunveHTtom 
MpONMOpuHOHabHOcTH K u3 ypaBHenua (10). Tan i, << —Jp/2 
BHIXOA MponopunoHanen i,--/p/2 Takxe c KOsdpuuneHToM 
NpOnmOpunoHabHocTH K. Yroa a, npa KoTopom O,(f) oTan4uHo 
OT HYJf, papel 





_ 4 (12) 
a= arc sina>-. 2 
ye 

SaMeTHM, WTO @ He 34BHCHT OT 4aCTOTH CHHYCOMaAbHOrO 

BXOja (cM. cur. 7) WH YTO OCHOBHAA TapMOHHKa BHIXOMa HaXxo- 

AUTCA B chase c KomeGaHHeM Ha Bxone. AmMnauTyaa BbIXOa 
ABIAeTCH PyHKiWMeh oTHOWeHHA Jp/2/y. 

CienyeT 3aMeTHTb, YTO BXOQHOM CHTHAd OTHOCHTCA KO BXOLy 

onpezeneHHoro) QeMCHTa HM B HeKOTOPHIX Cay4aix MOMKET 
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NpeACTaBAATh COOOM pasHOCcTHBIA CHrHad HH CHTHad OUIHOKH, a He 
UCXOJHBIH BXOAHOH CHrHaa, MpHAOKeHHEIA K cHcTemMe. MMeHHO 
Tako cyual HMeeT MECTO B M€XaHHyecKON CHCTeMe pH HaJk- 
4M mOdTa, PaccMaTPpHBaeMOH HIKE. 


Hazpy3ka, npusoduman 8 OBustenue OM OBuzameAA “Epes 
ynpyeut Baa u anemeHm c awpmomn 


Ha dur. 8 cxemaTHueCKH MOKa3aH ABHraTe/b NOCTOAHHOTO 
TOKa, CBA3AHHBIM 4epes HeAWMHeMHEI S7eMeHT THMa AMOdTa u 
yipyrwf Bank Cc HWHeEpUMOHHOM Harpy3Kol, wMelolileh BaA3KOe 


B.r3ixoe 
demnpuposanue 


R Q, D, 


Jy 
Hacpysna 











N ao 
_o 5p 
dasop 


Mpyxuna 


Aguzanicne 


Pur. 8. Jipuraterb NOcTOAHTIOFO TOKa, COC AHHEHHBIA 
C HHeplHOHHOH Harpy3koH, HMeloULeH BA3KOe Aemngu- 
poBaliue, uepes yNpyrHH Baa C 3a30pPOM. 


nemndupopaHve. C momoubio cur. 9 u 10 MoxkHO NosyuNTS 
ONHCLIBAIOWy!O PyHKWMIO aA 3THX 9eMeHTOB. Kak BUAHO 
u3 ur. 9, pa3HOcTb MexKy NOAOKeHMAMH OCH ABHTaTenA Oy 
uv Harpy3ku 07 onpedeaseT ympyruf MOMEHT. 

IIpu 3nayenuax — O6_/2 < (6m¢—9z)<-+ 9p/2 yupyruh 
MOMeHT oTcyTcTByeT. Ecau yront 64—9z, wameHaeTca mo 
CHHYCOMMaIbHOMy 3aKOHY, TO yipyrHA MOMeHT OyJeT H3Me- 
HATbCA TAK, Kak mokasaHo Ha dur. 10, 43 KOTOPOM MOXKHO 
TakKxKe BHeTb, YTO OCHOBHad TapMOHHKA yipyroro MOMeHTAa 
HaXOMUTCA B cpase C BXOZHOM yraoBoh BeanynMHOl (894 — 9z), 
NpHueM KOIPPULMeEHT NMPONOPUHOHAaAbHOCTH K A OymeT PyHkuneh 
OTHOWeHHA 

a: ee 
2 (Oa7 — 01) maxo. 
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Kg no cyuectBy npeacraBaneT co6oM spekrusnbih Kosdpu- 
WWHEHT 2KECTKOCTH, 3Ha4¥eHHe KOTOPOTO ABAReTCA cylukuveh yKa- 


npyeut 
Mmomexim 


S4HHOrO OTHOWeHHA aMNMAHTYI. 
Hcnoapsya stot Koopcunent, 
nowyuaeM ypaBHeHve Jiq_ MO- 
MeHTa, JeHcTayloulero Ha Ha- 


rpys3ky: 
J,s76z =e D,s8z = 
=Kg(9u—9z). (18) 


YpaBHeHve MOMeHTOB, elcTByO- 
WHX Ha ABAraTedb, HMeceT BHI 


KI — Kg (9m — 91) = 








Pur. 9. Ympyru MoMeHT, nOd- 






















== Jys?0y, (14)  senenubiii kK Harpy3Ke ¥epes npy- 
*HHY (cM. cur. 8), Kak PyHKUHA 
a ypaBHeHue Halipsmkennl pa3HOCTH NOAOmKeHHH een ee 
raTeia  Harpy3kKH mpu o6uem 
E=RI-+- K,s§x. (15) 3a3ope 0p. 
O6bengnuaa ypaBnenua (14) wu (15), umMeem 
aS 9 9 2 eK 
R — Ks( Fi: oe L) = Jys Ou + sO. (16) 
Z eae (8m -94) 
| (8 Onan. Ynpyautt 
Ks ((0w-0.)-$ eae: ig a 
6 
? 
Tt T+ Ot 


27-x 2% 


“Ks (C0 ,5-81}- Fa ag 


~ (04-81) maxc. 


i me ech ote emmed: oy Geis tims ei ite 


i ee ee ee ee 


Pur. 10. Ynpyruft Moment Hu pa3Hoctb yrao- 
BLIX NOMOMeHHH ABHraTewA WH Harpy3kH Kak | 
(PYHKHH BPCMCHH MPH CHHYCOHAAIDHOM H3Me- | 

HEHHH pa3HOCTH yraoBhixX MOAOKeHHH ABHraTe- 

At W Harpy3KH npu o6ujem 3asope 6p, 

| a sarc sin 83/2 (847-97) wage, 


YpapuenuaM (13) nu (16) cooTBeTcTByeT G#0K-cxeMa, MpH- 
, 
BexenHan Ha dur. 11, roe peawunHa Kg ycaoBHo npeacTaBaena 





| 
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CHMBOJIOM OOpaTHOH cBa3v. IIpu aHamMTH4YeCKHX pacyeTax MO2KHO 
f 
CuUHTAaTb, 4TO Kg ABARETCA DEMCTBUTEbHOM AMHEAMHOK BeAMUMHON, 





Pur. 11. Baok-cxemMa CucTeMbl, I1peacTaBAeCHHOH Ha dur. 8. 


3aBHcAWIeH OT OTHOUICHHA 
8 
2 (8a a OF J caae. 


Baunnue O2panurtexun moka 


Hecko.bKO HHO MpHMep 30HbI HeCYYBCTBUTeCAbHOCTH IIpH- 
BeneH Ha (pur. 12, rae moka3saHa CHCTeMa peryAMpoBaHHa 






* Yapasasouuu 
youaumens 


Ozpanuyueanuyul 
younumene 


ur. 12. Cuctema peryanpospahua rexepatop — sBura- 
Telb C OFpaHHYeHHeM OOpaTHOH CBA3H NO TOKY. 


K--oTHoWweHHe HaNpsKeHua FeHepaToOpa K HANpAMWeHHIO HA BXONE 
yupaBasioulero ycuauTeasg, 


reHepaTOp—JBHraTelb, B KOTOPy!0 BBeeHa Lemb OOpaTHOH cBa3aH 
id OFpaHHuecHuA MAKCHMAJbHOrO TOKa ABHraTea. CurHaa c BH- 
XOMa OfpaHwunBatOlllero yCHAHTeA NoaeTcA B NpoTuBodase 
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Ha BXO yMpaBJaiollero ycuanTela, OFpaHWyvBag TeM CaMbIM 
HanpmKeHHe TenHepaTopa H, CAeOBaTebHO, TOK akopaA. OToT 
MpHMep OrpaHMyeHuaA TOKa MO MeTOAY paccmoTpeHna nonobeH 
MpHMepaM OFpaHHYeHHA CKOPOCTH, YCKOpeHHA, WaBeHHA uA 
Kakoro-4HOO Apyroro NOAXoAMuero MapaMeTpa, mpHyeM cooT- 
BeTCTBy1OWad BeAMYHHa BKTOUaeTCA B Wenb OOpaTHoH cBa3H 
uepe3 OFpaHHYWBaloWlMA yCuaAUTesb. 





Hanpamenue a 6vixode 
Ozpanusueaouyezo 
youaumens, 8 












Ton anopa 


+I, Qeuzamena I a 


Pur. 13. Xapaxtepuctuxa orpann- 
MHBaloulero YCHAMTEC AAR B 3a4BHCHMOCTH 
OT TOKA AKOPA ABuraTean. 


XapakTepuCTHKa BbIXOAHOTO HallpAKeHHA OrpaHHuMBalowlero 
yCudutTeAA Kak) yHKUMA TOKA AKOPA ABwraTeda NoKa3sana Ha 
dur. 13. J[aa| nonoKuTerbHEIX 3Ha4eHHit TOKa, MeHbUHX /7,, 
rie /;—TOK, "pm KOTOpoM HauMHaeTCA OrpaHHuenne, Hanpa- 
KeHHE B OOpaTHOH cBa3sH oTcytcTByerT. Ja 3Hauenuit ToKa, 
NpeBbiwalouiux '/7,, HanpsxkeHve OOpaTHOH cBA3H yBenM4MBAeTCA 
NPONOPUHOHaAbHO TOKy, MpHvem KOSPpHLMeHT Mponopuuo- 
HaJIbHOCTH paBeH Ky. 

Aaa CHHYCONMaqbHOrO M3MeHeHMA TOKA akopsA C aMIAUTy ON, 
Npesbhiiwaueh /7,, HanpaxkeHHe Ha BEIXOMe OFpanu4unMBawulero 
ycutuTeaa Oy MET H3MeHATECA, Kak MOKa3aHo Ha ur. 14. OcHos- 
HaA COCTABIAIOUad HalpmMKeHHA Ha BbIXONe Orpanu4yHBaUero 
YCHAMTEAA HAaXOAMTCAH B dase C TOKOM AKOpA ABuraTeaa. 

Amnlautyna! ocHoBHoM cocraBasioulett Or paHH4HBaloulero 
HaNpwKeHHA ABAReTCA PyHKWMeH MAKCHM4AbHOTO 3HaueHHA TOKa 


AKOPA, MPHIEM KOIPPALKEHT TPONOPUMOHAAbHOCTH paBeH Kits 
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f 
roe O<Ky< Ky. Takum odpa3om, orpanu4uuBaiouee Hanpa- 
*KeHHe Ha BbIXOAe YCHAMTeIA MOXKHO BbIPAsHTb B  BHe 


f 
npouspenenun Kyz/. 


Tok sxopa Jdeuzamenn 
Honpswenue na oxode 
Oepanuyusaroujeca 
younumens 







In 


Ky (fy-I,) 
I, 


Pur. 14. Tok akopa H HaNpsH2KCHHE Ha BBI- 

XOHe OFpaHHuHBalollero ycuuTeAA Kak 

PYUKUMH BPeMeHH MPH CHHYCOKAaAbHOM H3- 
MCHeCHHH TOKa HKODHA. 


a=arc sin (77/2 jy). 
Orpanauenue Hagunactca c /7, 


Coraacuo dur. 12, MoxHOo sanucaTb caemyioulue ypaBHenus: 
CMrHad Ha BXOXe yipaBaiowlero ycuintTea 


HalipwKeHue TeHepaTopa 


K (M, — Kyl) 
= Gary RI 4- K,s9, (18) 


MOMECHT JBHTaTeaa 
K pl == Js?0. (19) 


OOteAWHAd 9TH ypaBHeHHA, NoayuuM MepenaTOUKyW yHKLH0 
CHCTCMH B Ce YIOULeM Buse: 


ta K 
M, 


ren nn rte 5 (2()) 
| KK yl 
K | (1 T Se) | 
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THe ; 
7 R. 

a . . 

Ipw: Ke==0,| T. ev. B cayuae OTCYTCTBHA. OrpaHHunBalouterd. 
AehCTBMA, STA@ MepewarouHan dyHKuUHA NpHHUMaeT o6pnluHoe 
sHayeHHe, [I pa: HanMuHM OPpanHueHua MW Mpu K HowK H CHCTeMa 
HMeeT GO/BUIYIO NOCTOAHHYIO BPeMeHH BCACACTBHE HaJM4HA WeHa 


KKyJs 
“KKp 


B’ 3HaMeHaTese| NMepexaTouHon: PyHKUHH. 


Onpejenenwe kooddHunenta H3MeHeHHA ycCHAeHHA 


IIpenayse mpyHMephl THNHYHHX 3a2a4 Cc HaCbILeHHeM H 
C 30HOM HEYYBCTBUTeABHOCTH ObIAK MIPHBeeHbI, YTOOM NOKasaTb 
Ba OOUMX THMa HeAMHeMHEIX* XAPAKTePHCTHK, JIA KOTOPHIX 
KeNATENbHO YCTAHOBHTS OTHOWECHHe aMMAMTY Zbl: OCHOBHOM rap- 
MOHHKH BHXOHa K aMIMAMTYe CHHYCOHAabHOrO CHrHata Ha 
BXOe€. ITO OTHOLICHHE MOXKHO paccMaTPHBaTb Kak-KOSHLNeHT 
M3MCHeHHA YCHACHHA, NOCKOJbKY OH .yKa3biBaeT, BO CKOJAbKO pa3 
yculeHHe JIMHeEMHOTO 9/IeMeHTa JOJKHO ObITb H3MeCHEHO, ITOOHI 
yYueCTh BAMAHHE HeIMHeAHOCTH. 

YMHOMKaA JHHeMHBIA Koaebunuenr 9. SeMeHTA Ha KOSPDNLHEHT 
H3MeHeHHA.. YCH2HHA, MO2KHO HafiTH 3Ha4eHHe ,9KBMBAeHTHOrO 
Kosuunenta ycutenua* 9eMeHTa, HMElOLLero 3aaHHble BXO- 
HY!0 aMNAWTyAy HW O6AaCcTh HeAMHeHHOCTH. 

Takum o6pa3om, ecau A-abaneTca KO9¢pHHHeHTOM uaMeHe- - 
HHA yCHJeHHA, a K — AMHeHHDIM KOSPPHUMeCHTOM 9eMeHTA, TO 
SKBHBaJeCHTHBIA | 1MHeMHA KOSpuuneHT K’ GOyner 


roe A ABAneTCA PyHKWMeH AMMAMTYO BXOAHOrO CHIHaaa. 
Kosgpuyuenm uzmenenun younenun Oana anemenma 
C HachueHuem Ag | . 


Uro6 MOMOU. yCTaHOBUTb B3aHMHO NONOANAWUMe Apyr 
Apyra-CBORCTBa KOSHUMCHTOB: YCHACHHA HACHULCHMA M. 30HbI 
HCYYBCTBHUTCAbHOCTH, MOBTOPHM 32¢€Cb BHBOA- STOFTO KOIPDpH- 


)7 Bax. 2356, 
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WueHTa ycwleHHa, aHHbii Koxendyprepom [3]. Ha our. 2 
moKa3aH BbIXO CHMMeTPH4HOTO 3JIeMeHTa C HaCbILeHHeM Kak 
(pyHKUHA BpeMeHH MIpH CHHyCOMJaibHOM Bxote. H3 rpaduka 
BHAHO, UTO M@KAy OCHOBHBIMH COCTA@BJIAIOINMMH BEIXOa HM BxXOAA 
orcytcTByeT dasosif caBur. Ecan O603HauHTbh KOSPULHCHT 

ycWuleHHa 9JleMeHTa B JHHCH- 












Ig {21m < Ho oOnacTH yepes K, 3Ha- 
0.02 04 06 08 40, .& yeHve BXOMHOFO CHrHada, MpH 
O x 
a a + KOTOPOM MMeeT MECTO HACHI- 
: O08 A 0288 uenve, uepes Jz, WH MaKCH- 
ae OU An 3 maabHoe sHaveHHe BxXOMa ve 
5 jos} tt Fat i 04 => pes Jy, TO BbIXOAHOM CHrHal 
’ . & 
23 HAH z. 3a OHH MOAyNepHoOR MO2XKHO 
3 = OA HA 8 &§ BbPasHTb CAeCAYIOULHM oOpa- 
=e g 
3 PSP sees eee 08 8 sleich . 
a Fo se ee O,(f) = Kl sint 
ba) g= 
S MVE eee. gproctied 
se 0 O02 04 O6 O8 10 : 
Ee/dns O,() = Kly sine 


. 15. Kosh npuoa<ct<cxnr—a, (22) 
ur. 15. KoocduuHeHtbl Hu3mMeHe- 
HHA YCHIeHHA AA CAy¥ad HacbIlke- O,, (t) = Kiusint 
HHA Ao H ANA CAYYaA 3OHBI HEUYB- npa t—a<t<7m, 


CTBHTeAbHOCTH A p 8 3aBHCHMOCTH 


rae 
OT OTHOIMEHHA NMpeeAbHOrO 3HAde- dd; 
HHA BXOWa K MaKCHM@/IbHOMY 3Ha- a — arc Sin Te . 


YeHHH) BxXOa. 


Yunrpipaa cBoficTBo CHMMeTPHU O,;, OCHOBHY!O TapMOHUKY 
BHIXOMHOTO CHTHada MOMKHO NpeAcTaBHTb B BUAC 


Kin lp, yee 
= Me (2 f strat + f sinasintd ; 


0 
2a sin =) 


(23) 
ae 





TT 


Oa = Klan (= 

Onpenesna KOSPPHUMeHT H3MCHCHHA ycWuieHia Mp Hacbi- 
wieHHH Ag KaK OTHOWeHHe aMMAANTYy Dbl nepBoh rapMOHHKH Ha 
BLIXOMe 9/eMeHTa C HacbilleHHeM K aMMAMTY Ae nepBo rapMo- 
HHKH Ha BbIXOe TOTO Ke 9eMeHTa TOABKO C aMHeHHON Xapak- 
TEPHCTHKOH BO BCeM AMAaMasoHe W3MeHeHHA BXOAHOTO CHIHala, 
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Sy yenrenennereee—7> 


noay4aem: a 
: | 2, % 2a , sin2a. | 
Ag= cto. 7 | (24) 


| Ha pur. 15 npencrapnena kpupaa Ag (neBaa och opAHHaT) 
kak cyhKuus Jy //y M BUAHO, Kak KOSdpuUMeEHT ycuzeHua no- 
cTemeHHO yMeHbuaeTca pH /7//y > 0,8, Torma kak np MaaHx 
sHayeHuax /7//y4 < 0,3 Kosddunnent YCHJeHHA NPHOAWSHTeAbHO 
mponopunonanen /p/fy. Kak BuaHo u3 dur. 15 (npapaa ocb 
OPpAHHaT) HW Kak OyweT noKa3zaHo B RaqbHeftueM, Kosppuuwenty 
HSMcHeHWA YCHJeHHA MPH HaCbILeHMH HM B 30He HeYyBCTBHTesb- 
HOCTH OTYACTH CXOJHH MO cBoef npupone. | 


Kosfiguyuenm USMEHEHUA yCuAeHUA OAR 9ACMENMA C 30HOR 
HexyecmBumersnocmu Ap | 


Ha dur. 7 npusexen rpaduk BHXOMa STeMeHTa C CHMMeT- 
PHYHOR XapakTepHCTHKOM THMa 30H HeYyBCTBUTeABHOCTH Kak 
yHKWHH BpeMeHA MpH CHHYCOMRaAbHOM BxoMe. OcHoBHaa Co- 
CTaBAAOWAA BHXOMa Take “HaxoMHTCA’ B dase Cc OCHOBHOf 
COCTaBAMOWeH BXORa, Kak. B CAyuae HaChilleHua. 

Ecau o6o3HaunTb Koop pPuuvenT ycureHua 9nemMeHTAa B AHHeft- 
HOM 30He vepes K, 3HayeHve BXOa, NpW KOTOPOM Ha4Mnaerca 
AMHefHoe H3MeHeHHe, yepe3 /p/2 H MaKCHMabHOe 3Ha4¥eHHe 
BXOMa vepes /y, TO BLIXOA 34 OAMH NOAyNepHod MOXKHO BLIpa- 
3HTb CACDYIOULMM O6paszom: | 


O, (4) = K/u(sint—sina); act<n—a, 

rae ioe 
si Ip : 
pide) ee | | (25) 
Bue yka3aHHoro MHTepBaaja 0,8@=0. © | 
. OCHOBHY10 |COCTaBAAIOLLY10 BEXOAHOFO CHTHada MOKHO npen- 
CTaBHTb B BHZe 3 NBs SEO 
Ky | | 

Oy = —— f (sin ¢—— sin a) sin¢ dt = 


"—a 





4 
@ 


=Kiy(1—2— 5072) (gy 


T 


Onpegeana) KospuuneHt ycuaenwa ana 30HBI HeYyBCTBH- 
TeMBHOCTH Kak OTHOWeHHE aMMAHTYAW -NepBoh rapMOHHKH 


17* 
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BHIXOMHOFO CHTHada 9/IeMeHTA C 30HOK HE4yBCTBUTCABHOCTH K aMII- 
naTyne mepBok TapMOHHKH BHIXOa, TOTO Xe Q9IeMCHTa, HO 
C sWHeMHOf XapakTepucTHKO BO BCeM AMaNa3soHe H3MeHeHHA 


BXOMHOTO CHrHaJa, Novy 4AM 





Apes — _ a= (27) 
WJ 
Ap = 1—As (28) 


pW COOTBETCTBYIOUNEM ONpeMeAcHHH a B o6oux cay4aax. 
Ypasuenue (28) ykasbiBaeT MONOAHMTCABHOS COOTHOLUEHHE 
MexKAY KOSPPHUMEHTAMH H3MeCHEHHA YCHJCHHA Tp HaCbILLeHHH 
H HaMYHM 3O0HbI HeYyBCTBUTE/IbHOCTH, O KOTOPHIX yMOMHHAOCb 
Bbc. BaxkKHO OTM€THTb, UTO YCAOBHA »WOKOA* id ABYX THMOB 
HeqMHefHocTeH Takxe fonoaHmoT Apyr Apyra. B To Bpema 
Kak pH OesleficTBHM JA CHCTeMbI C HaCbIleHHeM IrlIu > 1 
u Ag=1,0, aaa 9aeMeHTa C 30HOM HedyBCTBUTCJIbHOCTH 
Ip/2Iu > 1 uw Ap=90. Ecam. ana OOAbWIMX S3HAYeHHA BxXOAAa 
Irj/iu<<1 Bpeanunna Ag B Mpewete AocTuraeT Hyd WH Xapak- 
TePHCTHKA CHCTeMbI MOKET CHAbHO OTKMOHUTbCA OT AHHEMHON, 
ro man Ip/2lmg<<1 sBenmunHa Ap cTpemuTca K CAMHMIle H 
XapaKTepHCTHKa CHCTeMbl CTpeMHTCA K JiMHeMHOMY BAY. 
Kopoue roBpopa, Aaa MaabIx 3HaveHHH BXOHBIX CHTHaJIOB, 
nOJaBaeMBIX Ha 9/IeMeHT C HaCbIWeHWeM, XapaKTepHCTHKa CH- 
crempl OyneT AMHeEMHOM; ad OoAbIMX %*Ke BXOANBIX CHTHaJ10B 
cuctemMa paGoTaeT Mp 3HayHTebHO YMeCHbINCHHOM yCHJIeHHH. 
Jina MaqbIX BXOJHBIX CHPHAOB, MOMAaBaeMbIX B CUCTEMY C 30HOK 
He4vyBCTBATCJbHOCTH, CHCTeMa pa6oraeT TaK, Kak eCJM ObI 9Ve- 
MeHT C 30HOM HEYYBCTBUTEAbHOCTH HMed MOHWKEHHOS y CHueHHe; 
a OOAbIIMX BXOMHBIX CHTHAJOB BAMAHHE SOHbI HeUyBCTBHTEAb- 
HocTH OymeT MAIO CKasblBaTbCa, WM CHCTeMa MIpH 9TOM HMeeT 
TeHMeHWMIO paOoTaTb, Kak eCJM Obl 9eMeHT Obl JHHeMHbIM. 
— -Bapyx nocaenyioulux pashedax wMOCTpUupyeTcn lpumMeHeHHe 
TUX KOIPMUUMCHTOB H3MCHeHHA YCHeHHA AA nNowyueHHA SKB -~ 
BAJCHTHBIX KOIPDMILHEHTOB yCHJIeHHA CMelMaIbHbIxX CHCTEM. 


Bauanne HaCHUeHHA Ha MepexoHEh mpowecc CHCTEMBI 
ABTOMATHYeCKOrO peryJHpOBaHHA NOMOKEHHA 


Vicnoab3ya JMHeMHbIA aHadM3 CH.TEM aBTOMATHYeCKOroO pery- 
AMpOBaHHA, Mbl NOKaKeM, YTO AAA NOJYYeHHA KeaeMBIX Xapak- 
TePHCTUK CHCTEMbI B yCTaHOBHBIWeMCA WJM MepexOAHOM pexkume 
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.MOXKHO TIPHMEPHO C -OAHH@KOBHIM, YCNEXOM IIPHMCHATb Kak. MeTO] 
“HOCACLOBATCVIDHOR  CPaOHAH3ALLU, PAK -H- MCTOL HapaalerbHelt 
cTaGwaAusalnu (oOparHon cansbio). [lpakruecku, korga -cu- 
CTEMa :NOMBEPraerca .BOSReHCTBHIO TakHX OG@AbINHX - BXONHBIX 
CHFHAJOB,: KaKHe -HaGMORAIOTCA B.TeYeHHe ‘HaaabHOrO nepHowa 
-CHHXPOHH34HH, BJHAHNe -HACHIMCHHA. B PasAHYHWX YaCTAX ¢cH- 
CTEMBI .ABTOMAPHUCCKOTO -peryANPOBAHHA -BbIaMBAeT pasAHUHy10 
PeaKUHlO CHCTeEMME Ld -STHX-ABYX METOLOB CTA6HANSAMHH. 

-Hicnoabaya Ait IIpeACTaBAGHMA veAEMeHTAa C -HACHULeHHeM 
“OKBUBAACHTHRA AHeEHHDA KOQPDULHEHT, NOAYYCHHE B Apenb- 
 RYUWLOM -Pa3zevie, MOXKHO APH HOMOMWLH 4a@CTOTHOrO MeTOAa aHa- 
AU34 YCTAHOBHTh KXRPaKkTep- OKUDAEMOFO NepexOAHOrO Npowecca. 
Hoke «Mbl CpaBHHM MacTOTHBIe HW HepexosHele ‘XapakTePHCTHKH 
GHCTeM C HocHehoRateibHOK -H NapaasenbHot craOvanaaunett. 
‘Mil 6yaeM CHUTaTb, ATO 9TH CHCTEMEI - yC.IOBHO ycTokuusy }) 
H HMCIOT:-RDHMCpHO: OAHHAKOBHIE XapaKTePHCTHKH B.pasOMKHYTOM 
COCTOSHHH AA. HHHCHHOK HaCTH -H -QMHHAKOBHIC .OAOMEHTH C. Ha- 
CbIULeHHeM. : 3 

Taa.kaxso CHCTeMbI HPOBOAMTCA CpaBHeHHe- AaMILIM TY LHbIX 
H asoBeX YACTOTHWX . XapaKTepUCTHK /Pa3OMKHyTOM - CHCTeMBI 
‘HH HCPCXOMHbIX XAPakTePHCTHK = 8AMKHYTOH -CHCTeMbI Hp pa3- 
ABYHBIX. HAN@ABHBIX ‘BHAYCHHAX OTHOWICHHA AMIIAUTY Gy, FAC 

‘Iipegenpuoe 3sHayeHve exoguoro curnana g1emMeHta 
C HacblileHHeM | (29) 

MakcumaaAbnoe ‘GHAYeHHE BKORHOrO .CHrHada 9ae- ° 
- MGHRTa FDH ‘AWHCHHOM PaCCMOTPeCHHH 


4h = 


‘Hipegeabuoe ‘sHayenme Bxoqworo:curHana 9meMenTa c HacH- 
ULeMHEM (YHCAHTeAb) paBHO Bexuaune J, NoKasaHHOt Ha cur. 1. 
MakcuManbHoe ‘8HaueHHe 'BXONHOTO CHrHana g9eMeHTA pH aH- 
HeHHOM paceMOTpeHHH (SHAMeHATENb) “eCTh MAKCHMaNbHOe 3Ha- 
4CHHe BXORMOPO CHrHala yKagaHHOro ‘SteMeHTa, KOTOpoe noazy- 
4aeTCA WS aHalHsa Mepexo2Horo Mpomecca cHCTeMbI 'B Apemno- 
AOKCHAH Ce JMHEMHOCTH. OTOT AMHEMHEA aHanMs BLINOAHAeTCA 
B NpeANOAOKeHHH OTCYTCTBHA HemHHeMHOCTef, HM eFO MOKHO 
MpOhetaTb, HCHOAb3synA BpeoOpasopanue Jlanaaca MAM Apyrue 
MCTONbI PCWICHHA AMHCHHEIX ANpepeHuManbHbIX ypaBHeHHi. 

Tlaa ycromunson cucTeMbi MaxCuMaNbHOe 3HaueHHe CurHana 
Ha BXORe S€MCHTa ABAACTCA “CFO HadaIbHEIM MAKCHMAJIbHEIM 





1) T..e. Moryt ‘cTaTh HeycToHavpern “MPH YMCHbUNICHHH KoSpipu- 
RHCHTa YCHICHHA: NpAMOH wen. — pun. ped. 
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sHayeHHem. [loSTOMy BeJIMYHHa Gy HaSbIBAeTCA TakoKe ,HadaJb- 
HBIM OTHOWeHHeEM aMMVINTyA“. Takum oOpa30M, 43 HHeMHOTO 
aHaIM3a NOBeCeHHA CHCTEMbI B MPeANOAOKeHHA OTCYTCTBHA Ha- 
ChILLLGHHA B HeAMHEMHOM 9JeMeEHTe MOKHO ONpeeANTb BXOLHON 
CHTHaa, MOWaBaeMbIM Ha 9AeCMeCHT C HaCbIULeHHeM, H YCTAHOBHTb 
gHaveHHe 3HaMeHaTeJA B BHIpaKkeHHH (29) 119 dy. Had Npedesb- 
Hoe SHayeHve BXOAHOTO CHrHana 9eMeHTa C HacbluleHHeM /y,, 
MOXKHO NOJAYYHTb YHCCHHOe SHAYCHHE Ap. 

Ilana onpedesenva NpHOAwWKeHHOrO 3HaveHHA 9KBHBAeHTHOTO 
KOIPDUUMeEHTA YCHACHHA MpH HavabHOM 3Ha4CHHM OTHOLICHHA 
aMNAWTY I a) NpuMenseTca XapakTepucTuka dur. 15, nokasplBaioulad 
USMeHeHHe KOSMDUUMEHTA YCHAeHHA B 3aBUCMMOCTH OT /y,/1y (Zo) 
CUHTad Gy HesaBHCHMOM MepemeHHOM. HecmoTpa Ha TO, YTO BxO- 
HOH CHrHat, NOMaBaeMbA Ha 9EMEHT C HaCbIWeHHeM, He OyeT, 
BooOule FOBOPA, CHHYCOMLAIbHEIM IIpH CTyMeHyaTOM BOSeMCTBUH 
Ha BXOZe CHCTEMHI, BCe 2Ke BXOMHOM CHrHad S9eMeHTa C HaCcbi- 
WWeHHeEM MPH HaAHUHH HesaTyXalOUlMX KOTeOaHHA CTPeMUTCA 
H3MCHATLCA MpPHOJM3HTeAbHO MO CHHYCOWDabHOMY 3aKOHy H 
NOSTOMy HCNOAb3OBaHHe MpeAMOMO%KeHHA O CHHYCOWMAAbHOM 
BxONe BnonHe onpaBaaHo. B cayyaax Korda He3aTyxatoulne 
KONe6aHHA He BO3HHKAIOT, MpeAMOMOKeHve O CHHYCOHMAIbHOCTH 
BXOMa MOSBONAeT ONpeneIMTh 3Ha4eHHe KOSPPUUMeHTA yCHe- 
HHA 9eMeHTa C HACbILIeHHeM, KOTOPOe ONpedenseT HavaAbHOe 
noBeleHHe, XOpOWO cormacyemoe C MOBeMeHHeM peaIbHOM CH- 
crembl. Tlocae MOCTHKeHHA NepeperyANpOBaHHA, eCH OHH HMCIOT 
mMecTo, 3HayeHHe /,/]/y (MH yCuAcHHA) CTPeMHTCA K yBeHYeHHIO 
HW MOBeeHve CHCTeEMbI, OMpeeeHHOe C MOMOLIbIO ee BUIOK3- 
MeHCHHOM aMIIHMTYAHOM YaCTOTHOM XapaKTepHCTHKM, COOTBET- 
cTByeT B OOUleM MOBeAeHHIO peabHOM CHCTeMEI. | 

Tlospenve HesaTyXaloulHx KoeOaHHH B HeAMHeMHBIX CHCTE- 
Max OBO MyTeM PpaCCMOTPeHHA CXOMALLMXCA HM PaCXOAAULAXCA 
TOWeK paBHOBecHa uccienopaHo Koxexn6yprepom [1] 4 3aecb 
NOApo6HO He paccMaTpHBaeTca. 


Cucmema c nocaedosamersnot cmabuausayued 


Ha cur. 16 npupenenbt npHOamxKeHHble aMMMTyAHaA WH da- 
30Baa X4paKTePHCTHKH pasOMKHYTOM yCAOBHO ycTOMYMBOH CH- 
CTeMH, HCMOTb3ylouleh MocreqOBaTeAbHBIh cTaOuaAn3upy rou 
KOHTYp. XapaKTePHCTHKH STOM CHCTEMbI OyAyT paccMaTpHBaTbCa 
C y¥eTOM HaCbILICHHA MpeABapHTeAbHOrO YCHAMTeAA HW YCHIH - 
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Tea MOUIJHOCTH. PopuacntarbHuMn NYHKTHPHBIMH AWHHAMH MOKa- 
SaHh OOpaTHble sHayeHHa KOSQuAUKeHTA yCHNeHHA ycCHAHTeAS, 
HACHIUalOlerocd MpH HavaJbHbIX 3HAYeHHAX OTHOWICHHA aMIMJH- 
TYR @=0,5; 0,2; 0,05 uw 0,005. Sru annuu no cymectBy 
YKaSbiBaloT BeHYHHY, Ha KOTOPylO yMeHbIUaeTCA KOS@PHUMEHT 
yCH/IeHHa@ CKCTeMb] MPH OTMeYCHHOM 3HAYeCHHH HachueHHA. H3 
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Pur. 16. AMnanTyQuaa WH (a30BaA YaCTOTHMIe XaPaKTEPHCTHKH pa30M- 

KHYTOH MNO3HWMOHHOH CHCTEMH aBTOMATHYecKoro§ peryzHpoBaHna 

C NOCHeAOBaTENbROH cTaOHAHM3ayHeH (NOHMKeHHE YCHAeCHHA Npu pas: 
AHYHIX HA@YaIbHHIX OTHOWCHHAX AMNAHTYA ap). 


dur. 16 suaHo, 4TO AAR ag—0,005 npu 0 06 umeert MecTo 
OTPHWaTebHBIA 3anac yCTOMYHBOCTH NO dase, H CAeLyeT OnKU- 
Lath, uTO pa6ota cucTeMW GyDeT HeycTOMUMBOH B CMBICe NOAB- 
AeHHA OOAbUIHX HesaTyXaIOWHX KOMeGaHuh. Taq ay9—= 0,05 cu- 
cTeMa HMeeT HeOOLWIOM OTPHuaTeAbHHA 3anac no dase, Tak 
UTO B STOM CJy4ae MOXKHO OKNLATS GOnee ycrohunBoH paborui. 
Jian 3HayeHHf ay 0,5 nu 0,2 yMenbuienne Kosddpuunenta ycu- 
AeHHA HEAOCTATOUHO ANA NOAyyeHHA HeycTOhunBOH CHCTeMBI. 
Ojauako B Ka}K10M Cay4uae OnicTpomefcTBHe CHCTeMH yMeHbUaeTCH 
M8-34 YMCHbIUeCHHA YaCTOTH, MPH KOTOPOf MyHKTHPHHNe JMHHH 
nepecekalvT |aMNAMTy AHH se es deel ha 9ACMCHTOB 
PA3SOMKHYTOA CHCTEMEI. i 
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Ha our. 17 moka3aHbl MepexoaHble MpOuecchl B CHCTeMe, 
nmpeactaBaeHHon Ha dur. 16, HayMHalouMeca H3 OAHOFO H TOTO 
Ke TOAGXKeCHHA TPH Pa3sIHYHbIX 3HAYeHHAX HACHILEHHA PpelBa- 
-PUTeAbHOTO YCHJHTeAA, BBOLHMHX Pa3AHYHbIMH SHAYeHHAMH ap. 
-Ycroftuusaa pa6ota uMeeT MeCTO JIA BCeX 3HayeHHA HayaAbHOR 
OTHOCHTENbHOM aMMAUTYAb Ap, KpoMe a) = 0,005. Tepexoznpie 
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Pur. 17. Wepexogupie mpouecchl Mp PUKCHPOBaHHOM BXOXHOM CHr- 
Hale MW HACBIN[EHHH MpeABapHTeAbHOrO YCHAUTeAA (mocie,OBaTebHaa 
cTa6uaqn3ayua Kak Ha dur. 16, npH pasaMuNbIX 3HAYeHHAX Qo). 
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XapaKTepHCTHKH Mpu GOAbUIMX 3HAYCHHAX Gy OAM3KH K XapakTe- 
PHCTHKe B JAHHEMHOM CJyyae, NOKasaHHOH NYHKTHpHOR KpuBOH 
(a9 1,0); npu ay=:0,05 xapakTepucTHKH CHAbHO Koueba- 
T@IbHLI, 2 TPH A == 0,005 cucTreMa onpemeneHHO HeycTohuusa, 
TaK KaK BOSHUKAaIOT HesaTyxalolive KOeOaHHA. 

Ha cur. 18 nokasanbl MepexXOMHble XAPaKTePHCTHKH CHCTEMHEI, 
npeActapieHHoh wa dur. 16, B cayyae HaCbILeHHA YyCHAMTeAA 
MOLUHOCTH IIpH TeX 2%Ke 3HAY€HHAX Qp. GaMeTHM, YTO MPH Ha- 
UaJIbHbIX SHAYCHHAX OTHOCHTe/bHOH AaMIIAHTYAbl @p, TaKHX, Kak 
0,05 u 0,1, cucrema neycTofiunsa. B cayuae HaCbIeHaA Npea- 
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‘BAPHTGMbHOrO) YCHANTECAT MPH! STHX-SHANCHHAX (2) CHCTeEMA YCTOH- 
unBa (cM. dur. 17). CnenopaterbHo, 2axke ‘MPH M@ALIX -SHaYe- 
HHAX  HACHILGHHA “YCHAHTeAA MOULHOCTH NepeXoOAHble :XapakTe- 
 PHCTHKH- YX¥AMIaIOTCA: H CHCTEMA: NeAaeTEeN. BAAOK. 

Tad: O@ABIIMX 3HAYeHHA HacHueHHA (@)== 0,1 nan © 0,05) 
MepexOJHble XApaKTePHCTHKH HMEIOT OOMbUIMe HHTEPBaNbl H3Me- 
HeHHA C MOCTORHHOM CKOPOCTbIO,. COOTBETCTBYIOUIeH -HaCbILLeHHIO 
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Pur, 18. Tepexogupe -npoueccH mpu:HKCHPOBaHHOM BXOJHOM cuHr- 
“Hale HW 'HACHULEHHH. YCHAMTCAA MOLHOCTH (mocHexoBaTelbHan CraOHAn- 
-S@HHA ‘Kak ‘Ha ‘cur. 16, mp. pasmMyHblX 3HaYeNHAX ap). 


a 
zeke 








HCTOUWHHKA MOIIHOCTH. OTHM aHHbI Cayyah OTAMYagTCa OT 
CAYYAA HACHILOHHA MpeABAPHTeAbHOFO yCHANTeAA, KOrAa HaaH- 
uHe CTAOKAHSHPyIOWleroO YCTPOHCTBAa Mex Dy WIEMEHTOM C HACbI- 
“GKkKCHHEM H peryMpyemMoH NepemMeHHOHM mpenoxpanseT NOCAeRHIOWO 
OT 34MeCTHOTO BJIMAHHA HCTOYHHKA HAaCHILUeHHA. 

_- Hepexogupie. xapakTepHcTHKH, NokasaHHbie Ha dur. 17 x 18, 
K@4€CTBEHHO COBHAaMaloT C XapaKTEPHCTHKaMH, KOTOPbIe MOKHO 
PpaccuuTaTb NO MeTOZY JMHeAHDIX NpHOmWKeHMA, UCNOAb3yI0- 
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luleMy Id SJeMeHTa C HACBILCHHeM SKBHB@JCHTHBIA AMHeMHDIA 
KOSMMUUHeEHT YCHeEHHA. 

HacbileHve MpeABapHTeAbHOTO YCHAMTeAA HW YCHAMTCJIA MOLL- 
HOCTH LaeT (aKTHYeCKH PasAMYHble XAPaKTEPHCTHKH, XOTA MCTO 
JMHEAHBIX NpHOAMKeHHK He YKa3blBaeT Ha STO PasAHUHE. 


Cucmembl Cc napannensKok cmabunuzayued 


Ha our. 19 noKkasaHH eficTBHTeAbHbIe HW MpHOAWKeHHbIC 
AMIVINTYAHbIe HM asoBble XApaKTePHCTHKM PasOMKHYTOM YCAOBHO 
YCTOHYHBOK MOSHLHOHHOM CHCTeMbI pery TMpOBaHHa, comepxKaineh 


60 «& 


lo/el. 06 
3anac no pase ,zpa 


Npededpumancert Youaumens 
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Pur. 19. AMnautTyqHad MW (a30B4aA YACTOTHbIe XaPaKTePHCTHKH Pa30M- 

KHYTOH CHCTeMbl aBTOMATHYeCKOrO peryAHpoBaHuA CO CTaOuAM3Uupyio- 

ule O6paTHOH CBA3bIO (NOHMKeHHE YCHACHHA MpeABAaPpHTeAbHOrO YCHAH- 
TCAA MPH PasAWMYHIX 3HAYCHHAX Gp). 


— — — — ACHMIITOTH4eCKad XAPAKTePHCTHKA, —————~-— TOYHAR xapakTepucrTHKa, 


cTaOHAM3Hpylollyio OOpaTHy!0 CBA3b HW HMeIOULeH aMNMHTyAHYyIO 
XapaKTePpHCTHKy, MNOMOOHYIO aMMAHTYAHOH XapakKTepHCTHKe 
pasOMKHyTOH cCHCTeMB) C MocanenoBaTebHOK cTaOuinsauueh 
(cm. ur. 16). 

Mbi OTReAbHO paCCMOTPHM CAy4aH HACHILLeHHA MpeaBapH- 


TEAbHOTO yCHAHTeAA, YCHANTeA MOWHOCTH HM ycuaNTeda OOpat- 
HOH CBA3H. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


a 


sanitized Gaay Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


7. Yacrornuf metod npedcrasaenua tunosuix xeauxednocred 267 


ilaa cayuad HaCHUeHHA MpeABapHTeAbHOrO yCHAHTeAR TOpH- 
SOHTAJIbHEIMH MYHKTHPHRIMH JJHHAAMH OTMC4CHbI HadaJbHbe 3Ha- 
UCHHA OTHOCHTCADHOM AaMMIMTYAN; sHayeHHe Gy=— 0,05 nomkuo 
abaTb HeycTOhuuBylo paooty, Toraa Kak Npu ay= 0,5 u 0,2 
cuctema O6ymeT ycTofumBoh. Sto noATBepxNaeTca Tpadukom 
dur. 20, Ha KOTOPOM NOKasaHH MepexoAHble mpowecchl B pac- 
CMaTpHBaeMOM| CHCTeMe MPH HACHILEHHH MpeBapHTeJbHOrO yCcH- 
AHTCAA MAA yYKASaHHbIX SHAaYeHHH Qo. 
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Pur. 20. Mepexogune npouecch npH (bHKCHPOBaHHOM BXOJHOM CHrHate 
H HaCHIWCHHH MpeABapHTeAbHOrTO ycuANTerA (CTaGHAn3aNHA OOpaTHOHK 
CBA3bIO {Kak Ha pur. 19, IpH Pa3sMHYHWX 3HAYCHHAX Qp). 





O6pausancb cHopa K dur. 19 u paccmMaTpuBan sBaAeHHe nO- 
HHKeEHHA KOS@DHUHEHTA YCHAeHHA HCTOYHHKAa MOLHOCTH, Cue- 
yeT 3aMeTHTb, UYTO OCHOBHHIM 9ddekTOoM OyeT NOHWKEHHE 
yCHNeHHA MpH| HM3KHX YacTOTax (w < 1,0 pad/cex) WM Mp BEICO- 
KHX 4acTOTax|(w > 20 pad/cex). XoTa NpW 9TOM HH3KOYACTOT- 
Had YaCTbh XAPaKTEPHCTHKH CHCTEMbI NOHWKAETCH, H36LITOK ashi 
np ycunenuu| 0 06 yMenbulaeTCA HesHauHTeABHO. H “He HeMe- 
HaeTCA “aCcTOTa, NpH KOTOPOM 9TO uMeeT.mMecTO. H3.97oro, 
NO-BHAHMOMY,| BbITeKaeT, HTO MepexOAuble::KapakTRpHCTHKH 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


268 [. Yeernar 





CHCTeMbI ake MPH AOCTATOWNO OOAbIIOM 3HAYeHHH HaCbIReHHA 
YCHAMTCAA MOLWHOCTH He MOJKHbI 3aMeTHO H3MEHATDCA. 

3 nepexOMHbIX XApakTePHCTHK CHCTeMBI (cM. cur. 19) c Hacel- 
IWeHHEM YCHAWTeA MOWMHOCTH, NpHBeAeHHbIX Ha Pur. 21, BAAHO, 
YTO Np HavaJbHOM BHaYeHHH OTHOWEHHA aMNAUTYD ad = 0,05 
uv 6onee NOayuaeTcA HOcTaTOUHO ycTOhuMBad paOoTa CHCTeMbI. 
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Pur. 21. Nepexogupre mpoyeccht npH HKCHPOBaHHOM BXOJHOM Cur- 
Hane H HaCbIL[CHHH YCHAHTCAA MOWHOCTH (cTaOn.n3auHA OOpaTHOH 
CBH3bI0 Kak Ha (pur. 19, Npu pa3sAHY4HbIX 3HAYeHHAX Qo). 


Asueamess 

















Kak yoKe OTMe4aJIOCb BbILMe, MPH PaCCMOTPeHHH aMIVINTY AHBIX 
YaCTOTHBIX XaPaKTePHCTHK H3MeHeHHe YCH/IeHHA B YCHANTee 
MONIHOCTH He BJIMA€T 3AMCTHO Ha MepeXOAHble XapakTepHCTHKH 
CHCTeMBI. 

O6pauianch onsTb K cur. 19, paccMOTpHM Tenepb ABAeHHE 
yMeHbIUeHHA YCHeHHA OOpaTHOK CBASH Mp HAaCbILLLeHHM yCHAH- 
Tela B Wenmw OOpaTHOon cBa3su. TipH yMeHblueHHH yCueHna 
O6paTHOM CBA3H AMNAHTYAHad XapakTepHCTHKAa pasOMKHyTOH 
CHCTeEMbI NPHOAMKAaeTCA K XAPAKTeEPHCTHKE PasOMKHYTOM CHCTeMBI 
6e3 BCaKOH cTaOuqnsupyiouleh o6paTHoK cBa3v. Tak Kak pa- 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


4. Yactotnind| uerod npeOctaéddnuad Tundédbix néAuneduocred 269 


SOMKHYTad CHCTeMa Oe3. OOpaTHOH cBA3M ABAReTCa CHCTeMOn 
BTOporo Mmopadka, TO 3anac No.dase He. MOKeT OblTb OTPUWa- 
TCAbHEIM H, CC LOBATeALHO, HEYCTORYMBOCTb HEBO3MOXKHA. OHAaKO 
mpH. ycuacnHu () 06 yactoTa papua 20 padjcex npw OTCyTCTBHH 
o6patHon: CBIaH, UTO SHANWTe/bHO GOMbLUe COOTBETCTBYIOUerO. 


fess fesrdtenasianet 
pueeee : 
reac 











CS 

EEE E+E 
leeedasua eal trees lee 
Poe ere pe ae a 
[Ras SB | 
Eid 


TOO el a ye. 
Ca 
PEC CCC ee 
eee a= a 
PEA ae et 
orca 


Pur. 22. Mepexoqun mpowecc mpx HachMeHHH ycuHaHTeAA O6paT- 
HOW cBa3H’ (cTa6HaMsanHA spell CBa3biIO0 Kak Ha: dur: 19, mpi. 
ao. = 








= 
i= = = 












SHaveHHaA ‘TIpH Ge HaAMMHH. Takum. O6pa30M, 1 HavadbHOFO 3Ha- 
YeHAA OTHOMCHHA AMNAUMTYD YCHAHTeAR. OOpaTHOH CBg3H, pas¥Gro 
Ay = 0,05 (—24 06), BuaHO, 4TO 6yaeT NOayyeH caabosaTyxan-. 
uM: MepexOAHBIM Mpowecc c uacToTOH w—~ 20 cex—}, 

Tlepexoqubli mpomecc CHCTeMbI C HaCbIlenweM ycuaHTeda 
OOpaTHoh caa3H (@),—= 0,05), nokasaHHwi na dur. 22, noa- 
TBEPAKAaeT STOF BLIBOL:; HecmoTpa Ha APKO BIpPAxeHHyloO KOAe- 
OaTeNbHOCTL, Npomecc. 3atyxaeT Hw OGecneyHBaeTCA ycTOAUHBaa: 
padota. IIpu6.1uoxKeHHas yacTora KoAeGanmmit, .onpenerctnag nocie. 
epBOrO NepHosa MepexoOAHOTO. Mpowecca; HemMHOTO: “OombUIe. 
19 pad/cex W CoBNanlaeT CO 3HaYeHMeM, NaBaeMbIM JAHHeapH30-- 
BaHHBIM pelleHHeM. | 
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Botsodbl OMHOCUMECADHO BALAKUA HachlufeHUA Ha 
nepexoouod npouecc 


Vis paccMOTpeHHBIX JaHHbIX, TaK 2%Ke Kak MW U3 H3y4eHHA 
Jpyrux CHCTeM C HACBILeHHeM, MOKHO CienaTb CieTyIOUlHe 
BHIBOAbI OTHOCHTebHO paOOTH CHCTeM B OOaCTH HacbILeHHaA. 

BaAWaHHe HACHILLeHHA MOXKHO CBECTH K YMeHbUUeHHIO KO9pou- 
UMeHTa yCHAeHMA 9/leMeHTa C HacbileHHem. Kosdpulivext 
H3MeHeHHA YCHJeHHA NpH HacbilileHHn, paccMOTPeHHbIA B Mpedbi- 
WyuleM pasfede, MaeT BNOAHE YROBMETBOPHTCbHYy!O Mepy BeAH- 
UMHbI H3MCHCHHA KOSMULMeHTA YCHJeCHHA, BbISBAHHOTO HaCbl- 
lle HHeM. 

Tiaa Toro 4ToObl ABACHHe HaCbILeCHHA MOLJO BbISBaTb He3a- 
TyXaloulMe KOMeGaHus, HEOOXOAMMO, YTOObI CHCTeMa 6b1a Takon, 
B KOTOpOH NpH AWHeHHOM PpaCCMOTPeHHH yMeHbUIeHHe Kosdapu- 
I\MeHTa YCHJeHHA HaCbIllaeMOrO 9/e€MeHTAa MOMKET npHBecTH 
K HeycTohunBoh padote. 

IlocKOAbKy JAA HEKOTOpPBIX CHCTeM aBTOMATHYeCKOrO pery- 
AMPOBaHHA pesyAbTaT YMCHbIWeHHA YCHeHHA OAHOTO HAH He- 
CKOAbKUX 9JIe@MCHTOB MOXKET OKAa3bIBaTb HeOompuoe BpeaHoe 
BIMAHHe WAH Jake oTUaACTH MMeTb OlarompHaATHoOe MeHCTBHE, 
TO OYeBHAHO, YTO HACbillleHHe He BCer a MOKET BbISbIBATb HEY O- 
BJICTBOPUTebHY!0 paOoTy CHCTeMBI. 

STH BLIBOAb XOPOWIO COrlacyloTcA C BHIBOAaMH, NMOAyUCH- 
HBIMM KoxeH6yprepom [3] MH ApyrHMyH HCCAeROBATeAMH [4]. 


Yuet BANAHHA MO@Ta MpA pacueTe MeXaHHYeCKHX CHCTeM 
ABTOMATHYeCKOFO peryAHpOBaHHA 


TIpw WsrOTOBACHHH NMO3MUMOHHBIX C/eNALLMX CHCTeM TPYAHO 
6blBaeT NOAYYNTh COBeplieHHOe CoeAHHeHHe ABuraTedA C Ha- 
rpyskoH. OObl4HO ABKTaTeqb coeqMHAeTCA C Harpy3KOH uepes 
penyKTop, B 3yO4aTHx sallemeHHax KOTOPOTO CYyLecTBYIOT 
HeKOTOpble 3a30Pbl. 

Bio mpoBeseHo Gosmbuioe 4HCAO UCCeLOBaHHA [5, 6], B KO- 
TOPEIX ONMCLIBAIHCh XapaKTepHCTHKH ABMTaTedIA M Harpy3sku 
pH HaAWUHH MOdTa HM MpH pasAMYHbIX MpeANOAOKEHHAX O TH 
max xapakrepucTuK Harpysku. B cratbe Tomaca [7] comepxKuTCA 
nowpoOHOe HCCAeOBAaHHe 30HM HEYYBCTBUTCABHOCTH, B KOTOPOM 
paccMaTpuBaeTCA OOMbUIOe YMCAO Pa3/IH4HBIX MPHMEPOB C HeJTH~ 
HeHHOCTbIO THNa modra. 
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IipeactaBaneT HHTepec paccMOTpeTb STYy 3amayy c yy4eTOM 
COBPeMeHHHIX METOMOB aHaH3a CHCTeM ABTOMATHYeCKOrO pery- 
auposanua. B istoh pa6ote ocHOBHOH ynop OymeT CoenaH Ha 
HCNOAbSOBaHHH| MeTONa ONHCHIBaIOUleA dyHKUHH Cc NosAyyeHvem 
SKBHBaNeHTHOTO KOSdMUHEHTAa YyCHJeHHA Ja - KOMOMHAaLHH 
mogta c ypyruM 9/IeMeHTOM. 

C MoMOUbIO YACTOTHHX MeETOLOB Oy2eT HCCHeMOBAHO BAUA- 
HHe OTHOWEHHA MOMCHTA HHEPUHH ABHTaTea K MOMEHTY HHep- 
WHH Harpy3KH| Jy/J_, BaAHAHHe MeXaHH4eCKOrO pesoHaHca (c), 













O6pamnan can3s 
C AG AOAC MENLO BAA 
dsuzamesn 






Repenmovameae OGpamuan cease 
ne nonomenun 


naspyonu 


ur. 23. MosHqHoHnad caeqaulan CHCTeMa, HMEWOUaA HHEp- 
LHOHHY)O Harpy3Ky C BA3KHM AeMIPHPOBAHHeEM, COeAHHEH- 
HYlO C/ ABHraTeweM Yepe3 YIpyrHi Bat Cc 3a30POM. 


Koo@euuvental AemMndupopanwa camo Harpysku © u BAHAHHE 
MeCTa NOAKMO4eHHA OOpaTHOn CBa3H (K ABH aTesio HM Harpy3ke). 
Tlonyyenupie TAKHM O6pas0M KayecTBeHHHe pesyabTaTH OyAyT 
CPpaBHeHH C KOMHYECTBEHHHIMM PesybTATAaMH, HaMeHHBIMH C NO- 
MOLIbIO SJEKTPOHHON MOCK. 

TlonesHblé CBeMeHHA Ma pacueTa MeXAHHYeCKHX CHCTeM aBTO- 
MaTHYeCKOTO peryAHpOBaHHA aeT PacCMOTPEeHHE BAMAHHA TODTa 
B THNOBOH MO3SHULHOHHOM caensueh cuctemMe (ur. 23) mpH He- 
OoAbWOM BOSMylWalouleM BO3sLeMCTBHH B Bue cTyneHyaToh 
yHKUHH. JIMHeMHbIe 9/IEMCHTH CHCTEMBI, MpeABapHTeAbHHA ycu- 
AWTemb, CTAaOHAH3HpYIOWWWH KOHTYP H YCHAHTeb MOLIHOCTH 
noka3saHbl Ha ur. 23 B Bue CTPyYKTypHOA cxemnl. JipuraTejb 
H Harpy3Ka MOKasaHbl CXeMaTHYHO HM COOTBETCTBYIOT TaKHM 2Ke 
QJI@MeHTaM, PACCMOTPeHHEIM BHUe Ha dur. 8. CrpyktypHaa 
CXe€Ma JAA STHX SeEMEHTOB ObIMa NOAyUeHa Ha OCHOBaHHH ypaB- 
Henn (13) uw (16) uw mpuBenena Ha our. 11. Hcnoapaya 9KBH- 
BANeHTHEIA AMHefHEM KOSpHUMEHT 2KecTKOCTH Ky Aaa mper- 


CTaBNeHHA KOMOHHAMH yNpyroro SaeMeHTa H modra u O/0K- 
cxemy Ha qpur. 11, MOxKHO BHPasHTb cooTHOWeHHe MexKAY 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


079 P Vecsiat 





MOJIO%KeHHeM Balla WBuraTesd Oy H BXOAHBIM HaMpsoKeHHeM JBH- 
rateaa Jy caelyloulwmM oOpa3om: 


Oy K JR (Jzs?-+ Dys + Kg) 








| Ty APTS TRC 
rme 
KK; 
Py=Jy Ips P2= Jy D+ 4, 
K, K 
Py= (Uy tJ) Kg t+ Dy = 





P, = K;(D,+ | ails y 


Takum »%e O6pa30M MOMy4YHM OTHOLMIeHHe MONOKeHHA Balla Ha- 
rpysku 67; K BXOHOMy HanpsxkeHwio0 ABuraTeda /y 


soy KsK[R (31) 
Ty . Pg s3 + Py + Pys + Po 
OTH ypaBHeHHA CXOMHbI C ypaBHeHHAMH. WH TeX Ke 9Ie- 
MeHTOB 6e3 Modta c TOM AMWb pasHHueH, TO KOIpPuuUHeEHT 
*KecTKOcTH K’, sBaneTcA yHKuMeh BeMYMHBI O_/2 WH MaKCH- 
MaNbHOM pa3HOCTH aMMauty. (84 — 4z)smarc.s Kg MOxKeT H3ME- 
HATbCA OT HyAA pH —6p/2 << 6y—4,< -+ Op/2 20 Kg— aet- 
- CTBUTeAbHOrO KOSuuKeHTAa KecTKOcTH Bata MpH | 94— 9z| > 
>> | 42/2 |. Mockoabky ypaBHeHua 11a NOAOKeHMA OCH ABHraTeA 
WM Harpy3KH 3alMHCaHbl OTLe/bHO, Mbl HMCEM BOSMOXKHOCTH MyTeM 
CpaBHeHMA YCTAaHOBHTb, Kakyl0 BeAMNHHy Ayulle MpHHATb B Ka- 
uecTBe peryJMpyeMoM nepemeHHOM 1a POpMMpoOBaHuA CHTHata 
oOpaTHo cBa3H— NomOKeHve Bala ABUTaTeAA HAM MOAOKEHHE 
Baia Harpy3ku (CM. Nepekmouatedb Ha cur. 23). 


Pacwemnwe napamemptt cucmemol 


Cuayaa OyeM pacCMaTpHBaTb CHCTeMy Kak NMpocTy10 JIH- 
HefiHy!0 CHCTeMYy H BbIPasHM PaCNeTHble KOHCTPYKTHBHbIC Napa~ 
MeTPhl Yepes XapaKTePHCTHKH TaKOM. AMHeEMHOM CHCTEMBI. IIpea- 
MO102KUM, 4TO MOMCHTHI HHEPLNM ABUraTeaA Jy WM Harpy3ku Jz 
MOXKHO OObeEAWHUTb B OHH Y9KBUBAJICHTHbIM MOMCHT HHepHH, 
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IiPHBCAeHHBIM) K Bay ABuraTena. Kosduuwent 2xecTKocTH 
Harpysku Mp€ANOMaraetca paBHbIM OeCKOHeYHOCTH, a BAgKOe H 
Cyxoe TpeHHe He MpHHuMaeTca B pacuet. JIna gtoro cay yan 
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Yacmoma w, pad/cex 


Pur. 24, Npu6amKennupie aMILIHTy (Had uM ta3z0Baa yactotT- 
HBIe XaPaKTEPHCTHKH Pa3OMKHYTOH AMHeEAaPH30BaHHOH cHe 
rae CTEM, COOTBETCTBYIOWeH dur. 23. 


rd 


ypasHenua (30)%u' (31) craHosatca roxKmectBeHHBIMU Ht comep- 
KaT TOMbKO OHO MpocToe 3BeHo c nocToaHHott BPeMeCHH JBH- 
rates, T. e, 


<7) 
a 





tu SO, l 
ty Ty x, | Cut 4a) 41 on) 
e  KKp ° . | pl 
Tae K.= 2,0 6/(pad/cek), 
| Ko | 


Ju + Jr = 0,03 KPa: cer, 
Po = (VYu+ Jr) R\/K.Kr =0,1 cexk.—noanaa skpupanentuaa 
MOCTOAHHaA BPeMeHH ABHraTesa. 
Mepeaarounaa tbyHkKuva ycuauTena MOUHOCTH paBHa 
: a= __ 20 | (33) 


EH 





18 Sax. 2356, 
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ce nr i 








—— ee rT i LS SRE 





TipeapapuTesbHblh yCuAMTe/b i cTaOHAM3upylOulwe KOHTYPbl 
6biau BHOpanbl Tak, YTOOL! MPH MPHHATHIX pe AMOOMKCHHAX 
cucrema Obiaa Obl ycaoBHo ycTomuuBon. Ux nepenxatounad PyHK- 
lua paBHa 


102 ad), 
(ae +") 

s 2° 
——_- +-] 
(ser +?) 

Ha cur. 24 nokasaHbl NpHOAMWKeHHDIC aMIIuTy Had HM a3so- 
Ban UaCTOTHbI€ XapaKTePHCTHKA pasoMKHy TOM aMHeHHOH CHCTeMBI 
B okpecTHocTH 0 06. 


Bpemwem Cienytouve OOosHadeHHA, CBASLIBAIOULMS napaMeTpbi 
MeXaHHyecKOH CHCTeMbI C NMapamMeTpaMu XapakTepHCcTHK. 


G.= (34) 


K 
oy = Vi —co6cTBeHHanA YacTOTa Harpy3Ku Mp (UuKCHpoO- 
L 


BAHHOM MOMeCHTe HHepuuA ABHraTeda HM Oe3 
Remidbupopanna (MexaHwuecKad pesOHaHcHad 





yacToTa); 
| 1 
Op = yacTOTa, COOTBETCTBYIOINad OOpaTHOMYy 3HaXe- 
T’ 
HHIO 9KBUBAJICHTHOK MOCTOAHHOK BpeMeHH ABHTa- 
TeJIA; 
c=: “0. — ornomieHHe YaCTOTHI MexXaHHyecKoro pesoHaHca 
® 
7 
K yacTOTe, COOTBETCTBYIOLUCH SKBABaJeHTHOH 
MOcTOAHHOK BpeMeHM ABHraTeJA, 
— 5 7 ——KospduunenxT Aemnduposanua Mex aHHdeckon 
L'0 


Harpy3KH Mp PUuKCMpOBaHHOM MOMeHTe HHep- 
uu JBUraTeaA MH MpW OTCyTCTBHN NOTA; 


f 
S 
Ap = a KOSPMUMeHT YMCHbUCHHA MOCTOAHHOH 2KeCT- 


0 
B 
KOCTH, 3€BHCALLMK OT Be JIMUAHbI 7] = 
(97 ¥z) 


$ 
MAaKC, 
Kak ykagaHo Ha dur. Lo. 


B nambHefiuiem Mbi OyAeM Mpewnosarath, 4TO NpHBeAeHHEIT 
MOMCHT MHepwuH ABMraTedA M Harpy3ku (Ju + Jz) mocTosHen 
u paper 0,03 KI + cek®, XOTA OTHOMeHHe Ju/Jz ecTb MapaMeTp, 
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KOTOpHIA MpH pacueTe CHCTeM aBTOMATHYeECKOrO pery AMpoBaHua 
MOXKHO H3MCHATb. 

C yueToM 9THX ONpexereHHA HW NpeANOMOKeHUA MOXKHO BbIpa- 
SUTb MCXaHHUECKHE pacueTHBle MapaMeTpH B OespasmepHon chopme 
HM aHaJHTHYeCKH HCCACAOBATb BJMAHHE H3MeHeHHA 9TUX OTHO- 
LUeHHH, 


OcHosnele coobpascexun, Kacamwueca ananusga 
| yemotuusocmu 





KoxenOyprep yKa3aa cnoco6 pa3deaenua HeAMHeMHOH CHCTeMBI 
Ha JMHeMHY1O. YaCTbh, XAPaKTepH3yIOULylOcA MepeaTOYHOM dyHK- 
‘Ue, W HeTHHeEHHYIO 4aCTb, XapaKTepH3YIOWIYIOCA ONHCHIBaOLeht 








Pinr. 25. Cucrema dur. 23, npexctapaeHHaa 
B BHAC HOCAIeEAOBATEAbHOTO COCRHHEHHA Te- 
pewaTOUHOH HM ONMCHIBalouleH dyHKyui. 


pyukunet (1). Paccmarpnpaemaa TakuM O6pa3om cHcTeMa npel- 
cTaBjeHa Ha (pur. 25. Jina yaoGOcTBa OBUraTerb BKMIOUeH B JN- 
Hefivyio wacTb. Tlepenarounaa dyHKuua saMKHyTOH CHCTeMEI 
AaeTca BbIpPakeHvem 
:C G (@) G’ (Ap; ®) 35 
| R~ 1+G(e)G’ (Ap, ©) * (39) 
Ycnropue MOTePH YCTOHYHBOCTH CHCTeMOM MOXKHO 3aNHcaTb 
CAeUYIOLWNMM O6pa3om: 





1 


ve Ge) az 800 (5/0,64 + 18 
(©) == 57570,064 + 1)*(s/50-L 1) ° 


a G’(Ap, »)— ONMChIBaIOWaA PYHKUAA, ONpekeraeMaa ypas- 
HeHHeM (30). 'unu (31), cMoTpa no TOMy, HCMOAb3yeTca am 


18* 
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a a ry «I TTL 











O6paTHad CBA3b MO NOMOKeHMIO ABHTaTedA WK TO NOO2KeHHIO 
Harpy3ku; G’ (Ap, ©) ABAAeTCA cbyHKUMeH OTHOLICHAA aMILINTY A 


On | 
= eae ” 
47 MAR. 
H YaCTOTHI . 

Uro6bt OOnerunTh MpHMeHeHHe YACTOTHBIX METONOB, CTPOATCH 
rpaduku mpasoh wu AeBok uacTell ypaBHeHua (36) pw pasaH4- 
HBIX 3a/LaBaeMbIX 3Ha¥eHHAX Ap AA BCeX 3HAUCHHM MapaMeTPOB 
CHCTeMbI, KOTOPbIe MpeAcTaBAIOT HHTepec. Tipu Tex yactToTax, 
pw KOTOPHIX HMeeT MECTO PaBCHCTBO aMIVIMNTY B ypaBHe- 
Huu (36), (puKCHpyeTca MMelouleeCA COOTHOMCHHE das. Ecau 9To 
(basoBoe COOTHOWMEHHE TAKOBO, ATO 3arlac ycTotiunBoctH no case 
MA 3AMKHYTOM CHCTeMBI MOAOKHTeMeH, TO CucTeMa MDH 9TOM 
3HaueHun Ap OyneT ycTohunBok HW aMnaAuTyla Kone6aHuHh OyleT 
CTPeMHTbCA K YMeHbINeHHIO, TAK YTO NOABAACTCA MeHbIUee 3Ha- 
ueHne Ap. Ecau 2xe 3amac mo dbase OTpulaTedeH, TO CHCTeMa 
aa 9Toro 3HayeHua Ap OymeT HeycToMunBoh uM aMMaTy Aa 
KoneOaHHi OyieT CTPeMHTbCA K yBeJIMYeHMIO, TAK YTO AOCTH- 
raioTtca 6ombulMe 3Ha¥eHHA Ap. 

B cayyae Korda OJHOBPeMeHHO BBITOMHAIOTCA aMILIUTYy LHOe 
H (azoBo0e COOTHOWeHHA ypaBHeHHA (36), KoJeOaHHaA B CHCTEME 
ABAAIOTCA He3ATYX@IOULMMH MPH COOTBETCTBYIOLUMX SHadCHHAX 
KOSMDULNEHTA HSMeCHCHHA YCHAICHHA Ap M 4acTOThl He3saTyxalo- 
WuX KoMeOaHH wy. Ilo KOSPPHUHEHTY M3MCHCHHA YCHICHHA H 


KpHBOH Ap Kak dyHKUAn Ip/2lm, mpupenennot Ha dur. 15, 
“MOKHO ONpeletHTb s3HayeHHe OTHOWCHHA BeAHYHHbI =OdTa 
kK MA&KCHMyMy BXOJa HewHHeMHOrO 9/IeMeHTA. 3yHaa- BeAWYHHY 
yraoBoro m0dTa Ai AaHHOM CHCTeMbI H olipelesaa 10 KpHBon 
oTHomenne 93/2 (Oa— OL) iano, MOKHO  BBINUCANTD 3HaueHHe 


(Oa — 92) raze, © MOMOLIbIO STHX gHaYeHHH MO2KHO, HCMOJb3yA 


OOMUHbIe AHHeHHBIe MeTOAb, ONpeheAUTh Apyrve BaxKHbIe BeJIM- 
UHHBI, HampwMep oWMOKY HAM NoJOKeHHe Harpy3skH MPH 4a- 
cToTe KONeOaHHA wg. 


Uro6bl MoKasaTb Xapakrep ycTouuMBocTH SsTOrO MpoLwecca, 
oOpatumca K dur. 26, Ha KOTOpON CIMOWHEIMH Hi ty HKTHPHBIMH 
KPHBBIMA MOKa3aHbl COOTBETCTBCHHO AMNANTYANDIC cbaszoBble 
xapakTepucTHKH ad G(w) HW AMA —1/G’(Ap, ») Mpu Tpex 
pasMUHBIX 3HaveHHAX Ap, PaBHbIx 1,0; 0,1 u 0,01. Ucnoab- 
ayeTcAd OOpaTHan CBASb MO NOMOKEHHIO Harpysku, tak Kak tpi 
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STOM HaOmodaeTca GOnbuaA TeHReHUHA K BOSHHKHOBeHHIO He3a- 
TyXalowux KomeOanuh, 4eM npn ucnoab30BaHHH oOpatHon caa3su. 
HO MOAOKCHHIO Bata ABurateaa. Jina sHayenua Ap — 1, coortrert- 
CTBYIOWMero AHHEAHOMY Caly4alo MpH OTCyTCTBHH MOPTa, paBeHCcTBO 
aMTLIHTY A AA. ypaBHeHug (36). uMeeT.Mecto npu w—3,7 pao/cex, 
XOTA  NMOAOKUTeMbHBIA = 3anac no. pase CyUeCTByeT 10 
































Yacmoma w, pad/eck 


Pur. 26. Amnautygzupe u asopnle yacToTupie XapakTepuctuku u 
oOpatHan oOTpuuaterbuan ONHCHIBAOULAA PYHKUMA CHCTeMBI pur. 25, 
HOKA3bIBaIOMHe BAHAHHeE KOSPpuHeHTa H3MeHeHHA YCHACHHA SIeEMeHTa 
C 30HOH HeYyBCTBHTeADHOCTH Ap Mpu o6patno# cea3n mo NONOMKeHHIO 





Harpy3ku. 
iyi, =4; 6=0,05; ¢=2, 
—— aMNAHTyAa; — — — pasa, 


o= 15 pad/cek. Caenopatensuo, yKasaHHble 3Ha¥eHHA Napamer- 
POB CHCT€MH MH Harpy3ku oGecneynBawT ycrohunsylo pa6ory. 

Tipu Ap = 0,1 pasencrso aMIIMTYA Ih ypaBHenua (36) 
HMceT Me€CTO PH w=7,0 paod/cex, xorTa OTPHULaTeAbHbIH 
ganac mo dase cyulectByer aaa WacTOT, MpeBblwaiouiux 
w==5,5 pad/cex. 3t0 snauwt, uro AAA STOTO 3HaYeHHA Ap, 
COOTBETCTByioulero 4/2 (8y—O, \waro, == 1,24, cuctema HeycToh- 
uHBa H aMIVIMTY 2a KoneOaHHH yBenMuMBaeTca no Tex Nop, moka 
He OYAYT MOCTHrHyTH ycTofunBie He3aTyxaloulHe Kowe6anna. 
AmnauTyauye u cazoBue XapakTepucTyku mpH Ap —0,0] 
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TakxKe yKasbiBaloT Ha HeyCTOMUMBy 10 pa6oty, Tak 4YTO cyLle- 
crByeT olpeweeHHas BO3MOMKHOCTb JIA BOSHAKHOBCHHS Koe6a- 
TeAbHoro mMmpowecca, KOTOpHIA OyHeT yculuBaTbca MO nowyue- 
HHA 3HaYeHHH Ap > 0,1. 

Metod aa ONpedeneHHA BOSMOKHOCTH cyUleCTBOBaHHA He- 
3aTy XalollUx KoneOanul B oOnacTu 0,1 < Ap <.1,0 ucnoujb- 
ayeTcA B MocleTyIOulUx pasiesax cTaTbu. IroT Wnanasou 
























































Amnaumyda , 06 






































Yacmoma w, pad/cex 


Pur. 27. Ammautygube 4 a3soBble YaCTOTHbIC XapaKkTePpHCTHKH H 
OOpaTHad OTpHWaTenbHaA OMNMCbIBAIOIAA (pyHKWHA CHCTeMBI ur. 295, 


MOKa3biBaloulHe BJHAHHE OTHOCHTCbHOH MexXaHHuecKOH pesOHaHcHoli 
YaCTOTH! C Mp O6paTHOH cBA3H MO NOOMKCHHIO Harpy3kH JA 


Ap = 0,1 H 1,0. 
Iyfp=1; $=9.1. 
-— aMmautTyaa; — — — asa. 


gHaueHHit Ap Obi1 BblOpaH NMoTOMy, TO, mO-BHAUMOMY, TIpH 
3TOM MOXKHO OFPaHWUNTh aMMVIMTyAy HesaTyxa1oulHx Kone6anukt 
BeHUMHOH, MeHbuleH uem 1,25 BeaHYHHbI modta. [IpumMeHenne 
3Toro MeTOa MoMOraeT NOAYNHTh KayecTBeHHOe yKa3aHHe Ha 
OTHOCHTeIbHOC BAHAHHe Pas MYHLIX KOHCTPYKTHBHHIX MapaMeTpoB, 
KOTOPble MMCIOT NPHHUNNMAIbHBIA MATEPec, uTO H paccMaTpH- 
BaeTCA HWKEe. 


Bauanue mexanuxeckod pe3z0HaHcHod “acmomb Haepysku 


Ha dur. 27 moKa3aHo BWAHHe yBeAMMeHHA OTHOCHTebHOK 
pesoHaHcHo wacTOTbl Harpy3kH ¢ OT 1 no 4 Aaa sHaueHHh 
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pacueTHbIX MapamMeTposB Jy/J/r = 1,0 1 C=0,1 B cayuae oOpar- 
HOH CBA3H MO NOAOMKeHHIO HarpyskW. V3yyenwe 9TuX KPUBHIX 
NOKasblBaeT, YTO ANA Ap=—O0,1 u c=1,0 cuctema Heycrot- 
uHBa, TOra| Kak aad OOee BRICOKMX 3Ha4eHHA C pH TOM xe 
sHayeHHH Ap=0,1 uw man Bcex sHayeHu c npHo Ap= 1,0 
cucteMa ycTofiuusa. Kpome Toro, OTHOCHTeAbHaa CTeneHb ycToH- 
YHBOCTH MOBbIMIACTCA C YBeIM4YeHHeM 3HAYeHHA C, KaK Ha 9TO 
ykKasbibaeT HakOOJbiee 3HaYeHHe Bamaca NO case MpH paBeHCTBeE 
aMIINTy 1M Gonee BbICOKOe OTHOMIEHHE YACTOT, COOTBETCTBYIOULUX 
PpaBeHCTBy aMIIMTy. HW HyAeBOMy s3amacy no dase. Oru xpu- 
Bbl€ yKa3bIBalOT, YTO YBeMYeHHe OTHOCHTebHOH pesoHaHcHott 
UACTOTLI Harpy3KH yMeHbUlaeT aMNANTY Ly He3aTyXaloulux Kose- 
OaHuf, BbISBAaHHBIX HaHUHeM WOdTa. OueBuaHo, 4To 3Ha4eHna 
C> 2 YROBACTBOPAIOT paccMaTPHBaeMOH 3HeCb CUCTeMe. 


BauAnue omnowenua MOMeHMOB UNepuUuU Osuzamearn 
u Haepy3Ku Jy/Jr, 


Ha dur.) 28 noka3aHo BAWMAHWe M3MeHeHHA OTHOLWIeCHHA MO- 
MeHTOB HHepituu Jy/Jz oT 1), 10 4 Ha ycTromuMpocTbh cHucTeMbI 
c OOpaTHow CBa3bi0 NO NOAOMKeHMIO HarpyskH. BuaHo, YTO mpH 
Ap=0,1 ui) Jy/Jz, =1/, cuctema 6yneT ycroftunpot. Onnako 
Aaa sHaveHHh Jy/Jp=1 u Jy/Jp = 4 u Ap=O0,1 cucrema 
OyaeT HeycrohunBol, mpuyeM HeycToHuMBocTh BO3pacTaeT Mp 
Oonee BbICOKHX sHayeHHAX Jy/Jz,. Tip Ap —=1,0 sce Tpu sua- 
ueHua Jy/Jz | naioT ycTohumpylo cucTemy, mpwyem ayuuive xa- 
PpakTepHcTHKH OyAyT mpu Gonee HH3KOM sHa¥eHHH Jy/J,. Cae- 
OBATeAbHO, Mpa Jy/J, = 1 wu Ju/J_ = 4 6yaytT ycranaBauBaTbca 
HesaTyXalolulMe KONeOaHHA, aMMauTyqa KoTOpHX B 1,25 pasa 
Sombie BeAMYHHE! mOdta. Tipu ucnoabsopanun o6paTHot cBa3u 
MO MONOKEHHIO Harpy3KH MH NOCTOAHHOM NOAHOM MOMEHTE HHep- 
WHH 2KeaTeAbHO, TOOL! BO3MOXHO OO/bUIaA 4acTh NoAHOrO 
MOMeHTa HHepuuM Oblaa cocpemoToueHa B Harpy3ke, Oaaromapa 
YEMY YMCHbIUAIOTCA KONeOaHHA, BbISBAHHEIe A0TOM. 








Bausnnue xoshpuyuenma deunguposanun Haepy3Ku © 


Ha dur. 29 moKa3saHO BAWAHMe H3MeHeHuA KOSppuuMeHTa 
eMNupoBaHuaA HarpysKku © B npegenax oT 0,025 no 0,10 ans 
sHayeHHht Ay = 0,1 H Ap=1,0 Ha ycTotunBocth cucTembI 
C OOpaTHOM cBAsbIO MO NosOxKeHMIO Harpy3kH. OueBuaHo, uTO 
npa §=0,1' 4 Ap=O0,1 cuctema 6yneT HaxonuTEca 64u3KO 
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Yacmoma w, pad/oer 


Pur. 28. AMMINTYAHEe u PasoBble WaCTOTHbIe Xa PakTe PHCTHKH H o6pat- 
Had OTPHUaTeAbHaw OMMCbIBAlOWaA PYHKWUMA CHCTCMbI pur. 25, MoKa3bl- 
BaIOIUMe BAMAHHE OTHOWeHHA MOMCHTOB HHepunH J,,//, mpi o6paTHoH 

CBA3H NO NonOKeHMIO Harpy3Ku Ata Ap = 0,1 u 1,0... - 


ee 
€=0,05; c=2. —— ammautyza; — — — a3a. 
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Yacmoma w, pad /eex 


Mur. 29. AMMAHTyRHbIe H (asoBbIe YaCTOTHBIE xXapaKTepHCTHKH i 
o6paTHan OTPHaTe.bHaA ONMCHIBAIOIAA yHKWKA CHcTeMbI qur. 25, 
moKka3bipaloulNe BANHHHeE KOSPDUUNeHTA memidupospauna & npu o6par- 
HOM CBA3H 10 MoAOKeHHio Harpy3kH Aaa Ap = 0,1 nu 1,0. 
Tyla; c= 2. 
—— amnantTyaa; — — — asa. 
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K TPaHulle YCTOHMYMBOCTH; MOXKHO TakxKe RUAeTb, TO AAA 3Ha- 
ueHuft C= 0,05 u 0,025 cucrema 6yner OmpeeeHHO HeycToR- 
uMBOM. IIpu |Ap= 1,0 cucrema OymeT ycTotunsot ana Bcex 
Tpex -3HaueHHh Kosuunenra Remnduposanna C, xors B AMana- 
3OHE 4aCTOT,) OnH3KHX K MeXaHnyecKott Pe30HaHCHOHM yacToTe 
Harpy3KW, YyMeHbilieHHe KoSddunnenta Qe€MNPHPOBAaHHA BEISLI- 
BaeT YMeHbleHHe ycTohunpoctu cuctemyl. .Takum o6pasom, 
C TONKH 3PeHHA YMeHbIeHHA aMNaUTYy AB He3aTyXaloulNx Koue- 
OaHH, BOSHHKAaIOUINX BCAeACTBHe HaquUNa mopra, *eraTembHO 
HMCTb M€XaHHHecKHh KoadunneHT ReMN®UpoBaHHA OKONO 0,1. 

Tak Kak Ba3Koe TpeHve XapakTepu3yeT NoTepio sHepruu 
pH ABWKEHHH Harpy3KH c nocToAHHOt CKOPOCTbIO, TO OUe- 
BUAHO, YTO HeOOXOMMMO HCNOAb3OBaTh OrpaHuyeHHoe 3Hayenne 
BASKOTO TPeHHA, HW JIA MOMaBNeHHA HesaTyxaloulUx KoneOanuh, 
BBISBaHHBIX Ha/IM4HeM OTA, CleayeT HCKaTh Apyrve cpencrsa. 


Cpasnenue o6pamnnx ceased no NOAOHCERUIO OBuzamenran 
u Nazpy3Ku 


Ha dur. 30 nokasano CPaBHeHHe YCTOMYMBOCTH HeKOTOpOH 
CHCTEMB! MPH |HCNOMb3OBaHUH OOpaTHOH cBa3H AGO no NO10- 
*KCHHIO Bata [BMratTeia, mH60 NO nomOKeHHIO Harpy3ku (cM. 
dur. 23) npw sHayenusx Ap=—=0,10 un Ap = 1,0. Jina cayuaa 
oOpaTHon cBasu no nosoxeHUIO Harpy3KW CHCTeMa onmpeneneHHo 
HeycToHuupa mp Ap —0,1 u ycroftuupa mpu Ap = 1,0. Takum 
o6pa3om, mpu o6patuHott caasu no NOMOKEHMIO Harpy3KkH Crleaye4r 
OKUAATh HesaTYXaloulux KONeOaHHH c aMNJIHTYROH, MpeBbiuiato- 
ue B 1,25 pasa Beauyuuy yraoBoro morta. JL19 Toft xe cucTeMbI, 
HO C OO6paTHot (cBa3bio No Nowo*KenMIo ABUraTenA AAA O60uX 3Ha- 
yeHHA Ap Nomyyaetca oTHOCHTeAbHO BLICOKOYCTOHYMBaA paboTa. 
OTOT pesyabTat HOATBEPKMACTCA SKCICPHMCHTAbHBIMH aH- 
HbIMH, MOAYYCHHBIMH MPH MCCAeMOBaHHN CHCTeM aBTOMATHYeECKOrO 
PeryAHPOBanualB TeyeHWe MoOCeMHHX HeECKONDKUX ser. Kpome 
TOPO, STOT PesybTaT NOKASbIBaeT, YTO AONOAHUTeRBHUH dba- 
3OBbIM CIBHT, BOSHUKaIOWIMA pH HCnOAb30RaHUH oOpaTHou caasu 
NO MOO2KeHUIO |Harpy3KH, a He TO MOMOKeHHIO ABUraTeaA (ypaB- 
HeHHa (30) 4 (31)), Moet oKa3aTbca BPpeHBIM B paccMaTpuBae- 
MOM JMamla3s0He yacToT. 

Pasnuune Mexily XaPakTePHCTHKAMM CHCTeMBI MIpH paccmoT- 
PeCHHE'X Cayyanx OOpaTHOH cBA3H BbIPaxKeno caabo Fp HA3KHX 
yacToTax, T. e, pH wo< 1,0 pad/cex, tornaa Kak Tipu Oonee 
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BBICOKUX YacTOTaX © > 1 pesyAbTAaTbI MOFyT 3HAYHTEIbHO OTVIM- 
yatpca. Mcxona U3 9TOTO, MpeAcTaBAAIOT ocoOnli WHTepec 
peKoOMeHAyeMble H MpHMeHAeMbIC B Anrauv MW Apyrux cTpaHax 
MeTODH , paciipereseHHon WHTerpadbHol OOpaTHon cpa3u*. OTH 
pe3syibTaTbl NOATBeEPKMAOT MaBHO y CTaHOBJIeHHBIA pacueTHbih 
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Yacmoma w, pad/cex 


® ur. 30. AMIMINTY HBC H az0Bble YaCTOTHBIE XapakTe PUCTHKH H o6pat- 

Han OTPHWaTedbHaA ONNCHIBalOWaa PyHKUMA CHCTEMDI cpur. 25, waroujue 

cpaBpHenne OOpaTHbIx cBA3eH MO MOMOMEHHIO Bana yBurateaa 10 
omowKeHWIO Harpy3kH pH Ap = 0,1 xu 1,0. 


Iylip=1; S=01; ¢=1,3. 


M— O6patHasd CBa3b 110 TOAOKeHHIO Bala npurarenaa; L—o6patuad cBi3b 10 MON0Ke- 
HHI HArpy3Ku. 
—- aMnauTy4a; — —- — tpasa. 


KpuTepun, ZAK IIOUAIOULMHCA B TOM, YTO AAA MOAYYCHHA HaHOo- 
ree ycTohunBou paooTH, KOra 9TO BOSMOXKHO, CJleayeT CHH- 
MaTb MO3HILHOHHBIA CHrHad, mpeWHasHayeHHbl 1A oOpaTHoh 
CBA3H, C ABuraTedA, a He C HarpyskH. 


Pesyaomamsl, nonyueHnele Ha MOOeAL 


Cxema cucTeMbl perysupoBaHua No NMoAOKeHHIO, MpeAcra- 
BaeHHaa Ha cur. 23, Obla UCCAeROBaHA P. Marbi030M Ha 9JIe€K- 
TPOHHOA Moslem. Ee xapakTepucTHKH OblIM ONpeweneHbl AAA 
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a eee ee SS Se eee 


OO/bIOrO KOsMYeCTBa 3HAYCHHM MapaMeTPOB Cc OOpaTHOHK CBA3sbIO 
Kak NO NOMOKeHHIO DBUraTelA, Tak H MO MOAOKEHHIO Harpy3ku. 
Ha dur. 31,;32 u 33 noka3aHo HeCKObKO BaoKHeMWIMX xapak- 
TEPHCTHK CHCTeMbI C OOpaTHOHM CBA3bIO MO MOO%#KeHHIO Harpy3Ku 
B 3aBHCHMOCTH OT MeXaHHW4ecKoro KoS*ppuUWeHTa Aemnuposa- 
HUA AIA TpeX PasMM4HEIX 3HayeHu OTHOLWWEHHA MOMeHTOB MHep- 
WHH JBuraTejd uM Harpy3KH Jy/Jz. IipeacraBjaenHbie xapakte- 
PHCTHKH BKAUOUAIOT YACTOTY HesaTyXalOWIHX KoOmeOaHHA ,, 
aMIIMTYAY OTHOWeHHA OWMOKH K BeaMNHHe WoOdTa 2E/O, u 
aMIVIMTYAY OTHOWeCHHA MAKCHMAaJbHOTO yria NMOBOpOTa K BeJu- 
yuHe yraosoro modta 2(84—9z),,.,/83- Mocaeanue ape xa- 


PaKTePHCTHKH ABJAAIOTCA NpOCTO OTHOWEeHHeEM aMNIUTyA. Toay- 
YeHHbI€ BeIMYHHBI OWMOKH HAM yria CKPyYMBaHHA NpAMO Mpo- 
NOPWUHOHAAbHE BesM4YHHeE yraoBsoro modta 8g. Hs 9stToro scuo, 
UTO BAHAHHE OTA MOXKeT ObITb YMeHbIWCHO MyTeM ero Orpa- 
HHYeHHA. 

3 paccmotpenua our. 31, gaa KoTopoh Jy/Jz = 1/,, T. e. 
OCHOBHAA YaCTb MOMCHTA HHEPWAA cocpeoTOUeHa B Harpy3ke, 
MOXKHO BHeETb, ITO NpH 3HayeHHAX C= 1 Hu C= 2 cyulecTBYyIOT 
HesaTyxaloulve KONeOaHHA, TOrMa KaK MpH 3HayeHHH c= 4 
He3saTyXxaloulwe KoOeOaHHA OTCyTCTBYyIOT. UacTOTE STHX KOeOa- 
HH 3aKJIOUCHbI B JOBOJbHO y3KHX Npesetax w = 3—6 pad/cex, 
T. €. B OKPe€CTHOCTH U4AaCTOTHI Cpe3a aMMAMTYAHOM XapakTepu- 
CTHKH Pa30MKHYTOM CucTeMbI (cm. cur. 24). 

OtTHouleHHa ,ownN6ka/BeuunHa modta* u ,yroaA CKpy4uBa- 
HHA/BeAMYMHa| WMOdTa“ MpHMepHO paBHbl HW H3MeHAIOTCA OT 2,5 
mo ~ 41,0, mocTeneHHO yMeHbUIaAch C yBeMYeHHeM 3HaueHHit 
KosppuunenHta Remnduposanua 6. Tipu ysemwyeHuu sHayeHuit c 
aMIVIMTYObI HesaTyXalolwwuxX KOMeOaHHH CTaHOBATCA MeHbllle H 
npu c> 4 koae6anua COBCeM 3aTyXxal0T. 

Ha dur. 32 mpupeneHbt MaHHbIe, MOMOOHbIe TeM, KOTOpbie 
npeactaBienh Ha dur. 31, Ho aaa. cayyaa Jy/J, = 1,0. B 9Tom 
cayuae, KOrda ABMraTelb MH Harpy3Ka MMe!OT OJMHAKOBbIe MO- 
MeHTbI HHEPUHH, HesaTyXxalolllwe KoneOaHuA CylWecTByIoT pH 
c==Il, 2 n| 4. Jimana30n uactot 9THx KONeOaHHA Ooublle 
(== 2—7),| mpuyem YacTOoTa KOJeOaHHh Mpu Hu3KHX Kospdu- 
WHeHTaX AeMN@HPOBAHHA OO/bUe, 4YeM YaACTOTa Cpe3a aMIIJIM- 
TYOHOK XapaKTepHCTHKH pa3somMKHyTOHM Cuctembl. IIpu Tex xe 
CaMbIX S3HAYCHHAX KOSMOMUMeHTA DeMN@upoBaHHA HW C OTHOUIC- 
‘Hue OWMOKH M yrvia CKPpy4HBaHHA K BewMuMHe mModTa Tenepb 
Gombuie npu' Jy/Jp = 1, vem npw Jy/J, ='/,. Ognako mpu 
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Pur. 31. Yacrora ne3satyxaioujHx KONeOaHHH © g, OTHOWEHHE Pa3HOCTH 
yrMOB M@XAY BalaMH ABHraTelA HW Harpy3KH K BeJHYMHE yrioBoro 
miojta WH OTHOWeHHE yraa OWHOKH K BeAHUHHE yraoBOro MOdTa 
B 34BHCHMOCTH OT KosduuneHta AemndupoBanua € NpH pasavyHbIX 3Ha- 
YCHHAX OTHOCHTCAbHOH MEeXAHHYECKOH pPpe3OHAHCHOH YaCTOTbI ¢ AAA 
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‘Pur. 32, Yactota Hesatyxawuux KONeOaHHH wo, OTHOWMEHHE pasHOCTH 

yrAOB MEKAY BalaMH ABHTaTeIA M Harpy3KH K BeAHYHHE yraoBoro 

‘Mota H OTHOMeHHE yraa OUMOKH K BeEAMWHHE yraoBoro tiopta B 3aBH- 

‘CHMOCTH OT ‘KOSPuWHeHTa AemMMpupoBanua 4 IIpH. Pa3sAHYHHIX 3Haye- 

HHAX OTHOCHTCTBHOH MeXaHH¥eCKOH pesOHaHCHOH YyacTOTHI Harpy3ku ¢ 
| aan [yl], = 1. - 
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®yr. 33. Uacrota He3aTyxalollux KONe6aHHH © 5, OTHOMEHHE PasHOCcTH 


yrioB MexKAy BataMH Apurateda u Harpy3KH K BedHYHHe ae 
miodta uv OTHOWMeHHe yria omu6kKu K BeMUHHE YrAOBOrO ag oie sie 
CUMOCTH OT KOIPPuNNenTa nemitpupoBanna (mp pa3IM4aHbix sans 
OTHOCHTCABHOH MEXAHHYeCKOH Pe3OHAHCHOH WaCTOTPI Harpy3 


Iyll, = 4 
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¢ > 2 9TH OTHOWeHHA MeHbUIe, 4Yem 2,0, H NpercTaBAaiOT NOUTH 
yABOecHHOe 3HayeHHe caMoro sodtTa. Kak uw B ApeabAylilem 
cayuae, yBewH¥eHHe KOIPPuUMeHTa AeMNMpoBaHHA Harpy3ku 
BLISbIBACT YMCHbIUIeCHHe aMIMIATYOb HW uacTOTE! KOveOaHuh, 
a Takoke OWMOKH HW yria CKpy4MBaHua. 

Ha our. 33, KoTOpoh cootBetcTByetT Jy/Jz; == 4, MpuBeneHbi 
CHIbHO YAYUIMeHHbIe XapaKTepHCTHKH JIA TeX 2Ke CAMbIX MeXa- 
HHYeCKHX PeBOHAHCHBIX YaCTOT Harpy3KH HM TOFO %*Ke CaMmoro 
KosPpuuneHTa BeMMN@upoBaHHA, Kak MW B CAy4ae HH3KHX 3Ha- 
ueHHH Jy/Jz. Tipu c == 1,0 Heso3MOxKHO NOHH3HTb KOSDuLNeHT 
nemidupopanna HwxKe 0,03 6e3 NosBAeHHA Koe6aHHh Cc BOS3- 
pacTaiouteh ammuntyyon. Jlaxe npu 6oree sblcoKux 3Hayenuax 6 
(20 0,1) nonyyenti ropasno Gosmee BbICOKHe 3HaYeHHA OTHOUIE- 
HHA OWMOKH;, MH yraa CKpy4MBaHHA K BeanuvHe modta. [Ipu 
c > 2, HECMOTpA Ha TO, 4TO NOMyYAIOTCH HesaTyxXalollve KOue- 
OaHHA AOBO/IBHO BLICOKOM 4aCTOTHI, OTHOWeHHe OWIMOKH H ya 
CKpy4HBaHnd |K yraoBpoh BeaWunHe wo0dTa mpn Jy/J/_ = 4,0 
CHOBa MeHblilie, 4¥em 2,0. 


CpaBHenke pe3yAbTaTOB, NOJYYCHHHIX C MOMOLIbIO 
YACTOTHOTO aHaJH3a H C NOMOMbIO MOAeAn 





CpaBHeHHe JaHHbIX, MOyYeHHEIX Ha MONeaH, C pe3syabTa- 
TaMK YaCTOTHOTO aHaJH3a C MPHMeHCHHeM 9KBHBAeHTHOrO JH- 
HeHHOrO KOSPDPHUHeHTA YCHeHHA NOSBOAAET CeaTb OMHAKO- 
Bbl€ KAY€CTBEHHBIE BLIBOAbI OTHOCHTCbHO BJMAHHA MapaMeTpoOB C, 
Ju/Jr 4 O Ha He3aTyxaioulMe KOWeOaHHA, BLISBaHHbIe Ha/IM4uHeM 
modta. O0HaKO OOBIYHO YacTOTa HesaTYXalOWUXx KOMeOaHutt Wg 


onpemesaemad Ha OCHOBe MeTOAa AMHeapusanuu, Ha 10—40°/, 
BHIWe YaCTOTH, OnpelensemoH c MOMOULbIO MOemu. Mexay 
aMIIMTY amu! KOAeOaHnHH, MOAYYCHHEIMA 9THMH ABYMA MeTOaMH, 
MMeceTCA HECKOJbKO Ayuuee CoBmaqeHHe. 

Kpupble, MOyyaeMble C MOMOUIbIO MOAEMH, NOKasbIBal0T, 4TO 
B OOAbUIMHCTBe C.1y4aeB Mp MOABJeHHH HeE3saTyXalOllUX KOMeOa- 
HHA pasHoOcTHbIh yroa 04,— 6, saBaaeTCA OCHOBHOA rapMOHHKOH. 
Tlo3tomy 9TH KpwuBble aioT HeSaBHCHMYIO MpoBepky mpenno- 
O%KEHHA O TOM, 4TO CHTHa Ha BXOMe 9eMeHTa C s0dTOM 
MMeeT CHHYCOMAaIbHyIO @opmy. CueaxyeT HaNOMHHTb, 4TO 9TO 
HONyULeHHe MOTOXKeHO B OCHOBY ONpeAeAeHHA NOHATHA 9KBHBA- 
ACHTHOFO AHHEMHOTO KOSduuUMeHTa YCHeHHA MpH HallieM Me- 
TOMe aHaW3a CHCTeM C 30HOM HeYyBCTBUTeEJBHOCTH H JOdTOM 
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HccnenopaHuA, MpoBeeHHble KaK Ha MOJeCAM, TaK WC Mlo- 
MOUI[bIO YACTOTHOTO MeTOa 4HaIH3a, MOKa3biBaloT, YTO CHCTeMa 
C HCNOMb3OBaHHeM OOpaTHOM CBA3H MO MOAOKeHHIO Balla DBura- 
Teaa oGecneunBaeT ycTohunBylo padory 6e3 NosBeHHa HesaTy- 
XalOWlUX KOMeOaHHA Wa PaCCMOTPCHHbIX CJy4aeB. 


Kpamkoe uszaoocenue pe3syAbmamosg paciema, NoAyteHHolx 
npu uccredosanuu swgma 


Peay bTaTbl, MOJyYeHHbIe C MOMOLbIO MOJeM H YaCTOTHbIM 
M€TOROM, YKaSbIBaloT Ha C/leLyiolwwde CMOCOObl yMeHbLUcHHA He- 
3aTYXal0lUMX KOJeOaHwi, BLISBAHHLIX HaqMuHeM 0@Ta: a) yBe- 
amMueHHe MeXaHHyYeCKOH pe3OHaHCHOH YaCTOTbl Harpysku C; 
6) yMeHbUIeHHe OTHOWeHHA MOMCHTOB HHepWHH ABHraTelA fH 
Harpy3KH Jy/J;,; B) yBeaMyeHHe KOIPMUUMEHTA BASKOFO TPeHHA 
Harpy3kuH &. 

FipymeHeHve oOOpaTHO cBA3H MO MOAOKeHHIO ABHraTe.in, 
a He NO NOMO%KeHWIO HAarpy3KH, Tak»Ke cnocoOcTByeT OcsaOue- 
HHIO HesaTyXalOuMx KO/eOaHHH, BbISBAHHEIX HaIMUHeM NOTA. 

Hecmotpa Ha TO, 4TO pe3yAbTaTH, MpHBeReHHbIe B ITOK 
CTaTbe, OTHOCATCA K CAy4alO YCAOBHO ycTOHUHBOH MO3HWHOH- 
HOH CHCTeMBI peryMpoBaHuA, MOAOOHbIe 2%Ke pesyAbTAaTL OblAM 
NO/IYYeHEI HW ABAAIOTCA CIpaBeAAMBLIMK MW Ja Oe3sycOBHO ycTOon- 
uuBbix cuctem. M3 dur. 26—29 BuaHO, YTO MOABJeHHe He3a- 
TYX@IOWMX KOMeGaHHH HaOMOMaeTCA B AWManasoHe YaCTOT BOAMSH 
YaCTOTbI Cpe3a XapaKTePHCTHKH Pa3OMKHYTOM CHCTeMbI HM He 
CyllecTByIOT MpH Ooee HH3KHUX YaCTOTAX, COOTBETCTBYIOWLUX 
yCAOBHO yCcTOHYHBOK pa6oTe CHCTeMbI. : 


Sak so 4eHHe 


B craTbe moKa3aHO, 4TO HMeeTCA OOMbUIOe YHCO HeJ/IMHeH - 
HbIX 9/JI@MCHTOB C XAPaKTePHCTHKAaMM THMa HaCbILeHHA HAM 3OHbI 
HEYVBCTBUTEAbHOCTH HM -UTO JA HUX B KavecTBe ONHCbIBaIOUleh 
(yHKUMH = MOX%KHO HCMOMb3OBaTb =, 9KBUBAJICHTHDIA = AMHeMHbIM 
Kosdunnent ycuenun*. TlokasaHo, YTO 9KBHBaeHTHbIe KO9- 
(PUILHEHTLI YCHeHHA DA SIeEMCHTOB C HaCbILIeHHeM H 3OHOM 
HE4YYBCTBUTeAbHOCTH HMCIOT OTYACTH CXOAHBIC CBOMCTBA HM OTHO- 
CHTe€JbHO MpocTok Bud. : | 

XoTA pesybTaTH, MOYYeHHbIe C MOMOLIbIO STOTO npHo.aH- 
9KEHHOTO MCTONa aHaH3a 30HbI HEYYBCTBUTCAbHOCTH HM HaCbILe- 
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HHA, He AaloT TOYHOTO peuleHH, OHH BCe xe NOSBOAMIOT nowy - 
NHTb MIpH pacueTe cCHCTeM aBTOMaTHUecKOro pery.1upoBaHua 
KaveCTBeHHble) pesyAbTatel. Baaronapa STOMY M€TOA OcobeHHO 
MONeseH MPH) pacuete Gomee caOKHEIX CUCTeM, Kakne O6bINHO 
H BCTpewaloTcd Ha mMmpakTuKe. Bmecte c Tem OH He CHUMaeT 
HEOOXOMMMOCTH Gomee TOUHOTO anaHTHYecKoro HCCAeOBAHHA. 
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8. IPHMEHEHHE YACTOTHBbIX METOJLOB K PACYETy 
HMITYJIbCHbIX CHCTEM 1) 


B. K. Jluneuan, P. B. Cummaep 


Beexenne 


Mpo61ema| avanusa u cnytesa HMNY/IbCHBIX CHCTeM Ha NepBEli 
BSraAL MPeMeTaBAAeTCA BeCbMa CroOxKHOH. TIpH paccmoTpeHnn 
HMMYJbCHEIX CHCTEM HHKEHEPy MPHXOMUTCA HapAy c OOBINHEIMY 
SICMCHTaMH =IPHHHMaTb BO BHHMAaHHe eftcTBHe 9sqemMeHTOR 
Hoporo =TuNa, Hanwuve B cucTeMe HMMYABCHHIX NpOwleccos 
H TIPHCYTCTBHE AHHCHHEIX CPHABTPOB, CHIHaJIbI Ha BXOe HW BLIXONE 
KOTOPHIX HME€IOT UMNYALCHLIM XapakTep, 3acTaBAAOT ero npey- 
HOAOKHTb, YTD Nepel HHM—NpoOOrembI COBepweHHO HHOt npu- 
POMb, HM Te, C KOTOPHIMH eMy HO cuXx Hop MNPHXOAMOCh 
BCTpeuaTbca. | 

Teppoe sneyataenve o TpyaHocTH pewieHHaA npoOsempI eue 
Govee ycusuBaetca npu oOpauenun K AUTepaType, MocBaulen- 
HOM MMIIyAbCHBIM CucTemaM. Yaule scero B Heft yCHAeHHO nol- 
N€PKUBACTCA PaSMMYHe MOXKAY HMNYAbCHHIMH HW OOBIYHBIMM CUCTe- 
MaMH. Muxkenepa CmyulaeT TakxKe HCNOAB30BaHHe HOBLIX HeoOnly- 
HBX Ma@TeMaTHYECKHX MeTONOB. He yauBuTerbHO, TO N'pW 9TOM 
y Hero nosBaaeTca yOexneHHe 06 Oco6oM npupone sTHXx CucTeM 
HO TOM, YTO OHH HE MOTYT ObITb HCCHeLOBaHH NPHMeHeHHeM 
OObIUHEIX MeTOMOB aHansa. | 

Ho 9To nepsoe sneyaTaenue COBepweHHO OwHOouHO. Yera- 
HOBACHO, YTO A aHaNW34 WH CHHTe3a NOMOOHEIX. CHCTeM - He 
TpeOyeTca HHKaKHX HOBLIX MeTOnOB. B eHCTBUTeABHOCTH HeO6- 
XOMHMO TOAbKO PaCUIMPHTb HM Npucnoco6utTh XOPOWO H3y4eH- 
ble, MPHBHYHBIC METOAbI K 9THM CHCTemaM. CxomcTBo MeKLY 
HMNYAbCHEIMH H OOBIUHBIMA CHCTEMA@MH OUeHb BeAHKO, H OHO 
Oouee CyllecTBeHHO, 4eM pasauuuA MOKDY HHMH. — 

B aaHHo# cTraTbe MB He CTaBHM ce6e 342ayeH NonpoGHo 
OOOcHOBaTh ytBepxKneHHe O CxXORCTBE o604X THNOB cucTeM 





t) Linvill W.K., Sittler RW. C | 
99-—104 (1953), | a onUe Ki necora IRE, Part J, 
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8 NOMaBAMOULeM OOMbUIHHCTBe MpHsHakoB. B paMkax HacTOsulen 
CTAaTbH MOOXKHO JIMUIb BLICKagaTb OOuIMe COooOpaxkeHus, Kacalo- 
ULMeCA HCCTeAOBSHHA HMMYJbCHEIX CHCTEM OOBINHEIMH MCTOMAMH, 
H MPpOWAMNOCTpHpOBaTb HX Ha pane AOrMyecKH CBASAHHBIX MpH- 
mepos. Boaee momHoe M CHCTeMaTHYeCKOe OCBELICHHE 9THX 
npoOmemM 4HTaTejAb HalideT B paodotax [1] u [2]. 

[wapnbie MpeHMyliecTBa MeTOZa, OCHOBaHHOrO Ha MCMOAB- 
30BaHHM CXOACTBa M@2KAy MMMy/IbCHBIMH H HeNpepbIBHBIMH CHCTEC- 
MaMH, OOHapyKHBalOTCA Mp CHHTe3e CHCTEM. Cunte3 CHCTeM 
ecTh UCKYCCTBO MOCTHKeHMA KOMMpOMHCCa Mex Ay KeTaeMPIMl 
XapakTepHCTHKaMH HeKOTOpOft CHCTeMbl H BO3MOKHOCTbIO Ce 
(pusnuecko peaausauuu. B TO BpeMA# Kak 3ada4ta anaAu3a 
Bcerfa HMeeT eMHCTBEHHOe pelienve, 3adaua cunme3a YaCTO 
MOxKeT BOBCe He HMETb pellieHHA MPH 3aaHHBIX YCAOBHAX HAM 
HMeTb HeCKOJbKO peueHHi. TlostTomy mpa CHHTese CHCTeM 
O6LIUHO MIpHMeHAIOT MeTOA SMNMPHUeCKOrO nox6opa, Mp KoTO- 
pOM NMOcMeOBATeAbHO pacCMaTPHBAlOT, aHanM3upyloT HW BHO- 
U3MCHAIOT PasIMYHble KOHKPeTHble CHCTEMHI. Jiaa ycnewHoro mpu- 
MeHeHHA BTOFO MeTODAa Tako mpouecc CleLyeT NPOBOAUTS war 
3a WIarOM, MOJb3yACb Ha KaxkROH CTYMeHH YIMPOULeHHBIMH MCTO- 
aMH NWpwOswKeHHOTO aHaJiH3a. 

B 9TO cTaTbe Mbl HavHeM paccMOTPeHHe C aHaHsa CHCTEM, 
a 3aTeM MepefimemM K HX cHHTesy. CHauaa 6yAyT ONWCaHbI 9.1e- 
MeHTBI HMMYAbCHBIX CHCTeM. SaTem OylyT pacCMOTPeHbl MeTOMbI 
onepHpoBaHHa CO CTpyKTYpHbIMH = CXeMaMH (6.10K-CX€MaMH) 
C WeTbIO CBECHHA CAOXKHEIX 610K-CX€M K MPOCTBIM SKBHBaCHT- 
HbIM LelamM. Hakonell, 6yLeT MpoBeyeHo NCCC LOBAHHe peakilai 
HOCMeMOBATeAbHOH WEN 3IeEMeCHTOB HMITYJIbCHOM CHCTEMbI IO pac- 
pemewenuo MomocoB H HyTeH B MAOCKOCTAX S, e-sT 4 e- 87, 
B s3aksiovenve OymyT PacCMOTPeH! BOMpOCcb CHHTEe3A MMIly JIbC - 
HbIX CHCTeM. 


AHadaH3 CHCTeEM 


DremeHmbl cucmem 


O6uIuHEIe MCTOMbE aHaiv3a MOXKHO MIpHMeHATb K MMMMY/IbCHBIM 
CHCTeMaM BCAeACTBHe MX AMHeEHHOCTH, KOTOpad CeAyeT HS AWHeH - 
HOCTH MX 9feMeHTOB. JIuHeHHOCTb %e 9CMCHTOB CHCTEMbI 
o6ycaoBiena HX KOHCTpyKuUHen. : 

Mp paccMaTpHBaeM TPM OCHOBHBIX THITa 9eMeHTOB. IlepBbilt 
rH BKAOUaeT OOBIYHBIC HENpepbIBHBle AHHEMHEIe PUAbTPbI, KOTO- 
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PhIe ABJIAIOTCA OCHOBHEIMM y31aMH OOBIYHBIX CHCTeM Helpeppis- 
Horo Aefictsua. JeHctaue TakOrO usbTpa OnucHiBaeTcA O6bIU- 
HOH nmepezaTouHoK dyHkuneh K(s). Ko sropomMy tuny oTHo- 
CATCH JMMCKPeTHbIe AWHEMHEIC (HIbTpbl, OCOGeHHOCTbh KOTOPHIX 
COCTOUT B MpveMe HM Mepenaye TOAbKO CNheWMHYeCKHX CHTHA- 
Nop. Tako uabTp ocyulectTBAneT auHefHoe mpeo6paszosanue 
BXOQHOM MOCIeLOBATebHOCTH MMNYJbCOB, CAeCAyIOWMX Yepes 
paBHble HHTePBaAbl, H WaeT Ha BLIXODE TaKKe PaBHOOTCTOSLILHE 
BO BPeMeHH HMMYyJbCbI, CHHXPOHHbIe C BXONHBIMH. Ero gefictaue 
ONHChIBaeTCA NepexaTouHON PyHKuneh D(E -87), koropyo o6btyHO 
BLIPaKaloT B (PyHKWMH MepemMeHHoh e-&? (T— untTepBaa Mexkary 
MMIlyIbCaMH),, a2 He B *YHKILMWH MepeMeHHOm s. TpeTbuM OCHOB- 
HbIM 9/IEMCHTOM HMIIYAbCHOM CHCTEMBI, B KOTOPOM BIepBbie pe3Ko 
BLIP@KEHbI CBOHCTBA AMCKPeTHOCTH, ABAAETCA HMMYAbCHOe YCTpOH- 
CTBO, MpepbiBaloulee Yepe3s Kaxgne 7 CeK. CHrHal Ha BxOe u 
nepesaloulee B NOCAeYIOUINe 9IEMCHTHI CHCTEMEI TOAbKO JUCKpeT- 
HbI€ CHTHaJbl. XOTA TakOe yCTpOHCTBO 4aCTO paccMaTpUBaeTCA 
Kak MepeksuoyaTenb, Aue ONpeweAATb ero KaK MOAYAATOP, 
Hecyllad YacTOTa KOTOpOrO OOpasyeTcA CAHHHYHHMM HMMyAb- 
CaMH, C/ICNYIOULMMH OHH 38 APyrHM Yepe3 HMHTepBaabl BT ceK. 
Ha Bbixome ero nowyyaloTcA HMMNYJbCh, paBHbie MO NouwlaaH 
BXOJHBIM CHTHa1aM B RMCKPeTHbI€e MOMECHTHI BpemeHH, Cuaeno- 
BaTeJbHO, OMMCaHHOe YCTPOMCTBO — UMIYAbCHbIA MOAYAATOP — 
ABIACTCA JMHEMHLIM, TAK Kak YBeM4eHHe B HECKOJIbKO pa3 aMIIN- 
TYMbI BXOQHBIX CHTHAOB BeeT K yBe/IMYeHHIO BO CTOJbKO Ke 
pa3 aMIVIMTYAb MMMy/bCOB Ha BbIXOZe. Takum OOpa3om, BCe 
QJ@MCHTbi UMIMYJIbCHOM CHCTeMbI ABAAIOTCA JIMHEMHbIMH, Kak 
H CaMa CHCTeMa B LeIOM. 

XOTA MOJyAduMA (HMMYyJbCHad) AHHeEMHA, OAHAKO 9TO THN AH- 
HeMHOCTH C H3MeHRIOWIMMHCA BO BPeMeHH MapaMeTpamMH. Curnaanl, 
NOCTYNMHBUIHE| B Pa3Hble MOMECHTHI BPeMCHH, BBISbIBAIOT pa3.N4- 
Hbie peaKUMM CHCTeMBI. [losToMy OObI4HaA NepexaTOUHaA PYHKLHA 
He MOKeT, BOOOMLe TOBOPA, MPHMeHATLCA DAA ONMCaHHA paboTH 
MMIYJIbCHBIX |cucTeM. OgHakO Mpouecc MOJyYAAWMM, aloWwHA 
MpocToe H3MeHeHHe aMMHTYAb, XOTA H ABJAeCTCA MepeMeHHbIM 
BO BPeMeHH, HO He MMeeT C/IOXKHLIX MHHAMM4eCKUX OCOOeHHOCTeH, 
Eciu C4HTaTh, YTO Bce MOOYAAMOPH pabomaiom CcuUKXPOHHO 
U CUNMA3ZHO C\ HeCyWUuMU UMN YALCAMU, NpuLeMm Nepstd umNyAbc 
Haxodumca gp mowke t=0, TO BCe HMNYAbCHO-MOAy.upo- 
BaHHbie CHIHa/Ibl WM MMMyJIbCHble @HAbTpbl OyyT HMeTb ApO- 
CTHe HM300paxKeHHA HM MepesaTOUHHe dbyHKUMH, pal\HOHabHble 
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OTHOCHTe.IbHO e~87, 3aBHCHMOCTb OT BPeMeHH X4PaKTEPHCTHK HM- 
MY AbCHEIX CHCTeM CKA3bIBaeTCA TOAbKO MPH MOAYAALMH, Te Ona 
VUMTBIBACTCH MOCTATOYHO MPOCTO H, CeOBATeAbHO, He ABARETCA 
BAXKHLIM (bakKTOPOM MPH avaH3e CHCTEM. 


IIpeoOpa3s0sanue cmpykmypxol cxemo 


Teppbim warom B mpo6jeme aHaqusa sABAAeTCA MpeobpasoBa- 
Hue JaHHOM CHCTeMbI B JLPyryl0, 4YTO NO3BOAHT IIpHMeHHTb Oouee 
mpocTbe MeTOAb pacueta. B nepBOM MpHMepe MbI NOKaxKkem, 
Kak MpeOOpasoBaTb MOCTATOYHO CJIOKHYIO HMMYAbCHYIO CHCTeMy 
c oO6paTHoM cBa3biO B MpOCTy!0 9KBMBaeHTHyIO CucTeMy 6e3 
oOpaTHOM cBa3v, NpHMeHAA OObIUHbIe METOMBEI npeoOpasosanna [3]. 

PaccmoTtpHM Om0K-cXeMy CHCTeEMBI, HW300paxKeHHyl0 Ha 
our. 1, a, koTopan Ha dur. |, 6 mpeacTaBena B Bue CTPyKTyp- 
How cxembl. Saecb M—umnyvbpcupiit Monyaatop, D— auckpet- 
HIM pubTp, K—wHempepbiBHblt duabTp. Meroa npeoOpasosa- 
HHA OCHOBBIBAeTCH Ha JIMHCHHOCTH CHCTeMbI W Ha BO3MO2KHOCTH 
OTbICKAHHA- SKBHBAJIEHTHOM MepedaTOUHOK yHKWHH AIA 3aMKHy- 
TOH CHCTeMbI C OLHHM KOHTYPOM OOpaTHOH CBxA3H, KOrAa Mepe- 
MaTOuHbie MYHKUMH pasOMKHYTOH CHCTeMbI H oOpaTHol cBa3v 
H3BeCTHLI (O6n4uHaA cpopmMyia K /(/—BK)). B uMnybcHelx 
CHCTeMaX 9T4 9KBHBa/JICHTHOCTb 34MKHYTBIX H Pa30MKHYTHIX 
CHCTeM He COBCEM OUeCBUAHa, TaK KaK CHCT€M4 3aMbIKaeTCA Yepes 
MOAYAATOPE, ACMCTBHe KOTOPbIX H€ MOXKET OblTb ONHCAHO OOBIY- 
HbIMH TMepeaTOUHbIMA CPyYHKWHAMH. OHaKO eC MpelBapH- 
TCIbHO Ha@/IOKUTL Ha MOAYAATOP yKasaHHOe BbILIe TpeOoBaHHe 
CHHXPOHHOCTH, TaKasd 9KBMBaJICHTHOCTb HMeeT MCCTO. B pesytb- 
mame o6anh umnyAbcHaAn cucmemMa C OOpamHOol CébA3b10 
Moncem. Ovims 3aMeHeHa aKeusaneHmHod cucmemol 6e3 OOpam- 
NOW CBA3ZL. 

Mepexona wanee K paccmoTpenuio pur. 1, 6, MbI ACNOMb- 
3yeM MCTOA HCKNO“eHHA OOpaTHOH CBA3H, OCHOBAHHLIN Ha BEIOope 
y30B, B KOTOPBIX CHTHA@1 ABASeTCA YHCTO HMMYAbCHEIM. Oech 
HEOOXOMMMO BLIOpaTb TOKO OMH TAaKOM y3en. Mbt 3akOH4YHM 
mpeoOpasoBaHne BLIGOpOM HaHGoree NOAXOAMMerO yaa B HeEOO- 
XxoZHMOH TOUKe. Jlanbuehuuh BLIOOp AeaTb B Hallem MpumMepe 
He HMeeT CMbICa. Ha dur. 1, 2 coxpaHeHbl TOAbKO OCTABLUIHeCA 
Y3Abl, MpHyeM OMepalluH MeXKAy HHMH 3aNWCaHbl B CHMBOJINUe- 
ckoH dbopmMe. Ora HoBad AMarpaNMa yNpoulaeTca ycTpaHeHHeM 
NeTeb BOKPYF y3.10B B MopAAKe, OOPAaTHOM BLIOOPy 9THX y3J10B. 
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EQHHCTBeHHBIA OCTaBUMAcA y3eu, KOTOPHIA MBI QOJKHEI pac- 
CMOTPCTb B HallleM NpHMepe (MCK0UaA Y3BI Ha BXOMe H BEIXONE 
CHCTEMbI), SABIA€TCA Y3N0M C 4HCTO HMIY/JibCHBIM CHIHaJIOM. 
Beneactaue OTMeYeHHOM Bue CHHXPOHHOCTH eHCTBHeE 9Toro 
SAMKHYTOrO yaa ONMCHIBaeTCA SKBUBAICHTHOM MepemaTouHot 


1  K, Re } 
MM 
6 












a, | ‘ 
K, MD-K,K,M i 
“MK MD-K,KyM = 
=K;"D-(K,Kp)* 
6 e 
K;Ka : Ky Ke 





K,MD-K,KoM f K;Ko 
§-K,;"D+ (K, K»)* 

i ae — i a 
8 e KikM rR KiRe 


Pur. 1. Mpeo6pasosanue crpyktypnoit cxemy uM- 
IY IbCHOH CHCTEMBI C O6paTHOH CBa3bI0 B SKBUBaNeHT- 
HY0.CX€MY CTaHapTHoro BHAA.. 


a@ ~ O10K+cxema; O—ctTpyxTypHaa cxema: 

l 8; @—sBHOOp OocTaTOUHHX - 

YS40B, 27- HaxXOKAeHHE NepexaTOUnWX byHknuh; O-gnpoicaae: 
@~— CTaHAaptHaa cxema, 


dyHkuvet HW OH MOXKeT 6LITb 3aMeHeH -yY3.10M C MepemaTouHo 
yHkuneh K/(1— BK). 9tu pesyabTaTH mpencTaBaeHH Ha 
pur. 1, Ou el a 

OCHOBHEIM /MOMeHTOM 9THX npeoOpasoBaHH ABHAOCE npe- 
O6paz0sanue, |nossonusmee HOM 3aMeHUMD Onepayun nad 
BXOOKWMU LMNYALCAML, OCYMeCMBAREM yiO HenpepuleHue Piuss- 
mpom K(s) u MoOyanmopox M, skeusanenmuoi nepedamounod 
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goynxyueli K*(s). JletictBuTenbHO, K*(s) aBaneTca Mepeda- 
TOUHOK dyHKuMeH AUCKPeTHOTO (bHAbTpa, Tak Kak OHA nmpeo6- 
pasyeT MMMyAbCHBIM CHrHat B UMIYJIbCHLI Ke, HW MOITOMY 
ee MOKHO 3anucaTb B Bude K*(e~87). PyHKuns K* MowkeT 
OLITh ONpeweteHa Ce LYIOULHM o6pasom: Ha BXO uabTpa K 
MowaeTcA MMMyAbC, OMpenesdeTCA 3aBUCHMOCTb BBIXOMHOTO cur- 
Hala OT BpeMeHH B Bue CyMMbI 9KCMOHCHIMAJIBHBIX WICHOB 1 HaxO- 
RUTCA MOCMeMOBATeMbHOCTb COOTBETCTBYIOULHX MM HMMYyAbCOB Ha 
BLIXOe MOAYAATOPA; K MO/JYYCHHbIM BbIPaKCHITAM NpHMeHAeTCA 
npeoOpasopanve Jlanaaca, MpHyem pesybTat noayuaetcs 
B cpopmMe pata c kKosdduuuenTaMH Bula e-8T, nocie ero 
CyMMMpoBaHve psa MaeT pelenve B 3aMKHYTOH dope. 

B pesyibTaTe 9TOrTO MeTOAa mpeoGpasoBanun mb Bce2da 
moucem, Kak nokaszano Ha dur. |, e, nozyuumb SKeusaeHM- 
HyIO cucmemMy, COCMOAUWYIO UZ HeCKOALKUX cmaHoapmHolx 
NOCAEOOBAMEAHLX Wenell, COCOUNEHHKIX NAPAAACAbNO. Kaoe- 
dah uz amux yeneli cocmoum u3 HenpepbleHKoz2o gpusbm pa, 
C KOMOpPHLM NnocAsedosame/bHO coeduneHbl mMOOYAAMOP, UM- 
ny Abcnolit Pursmp u ewe OduNn HenpepoleHulit usomp (MMeIOTCA 
TakxKe ,BLIPOKMeHHbIe* CHCTeMbI). CaeAOBaTebHO, aHaJs peak- 
IMM KOHKpeTHOM CHCTeMbI OCHOBaH Ha aHause peakUU OCHOB- 
Hott NOCAewOBaTeAbHOCTH 9zemeHToB wer Ky, M, D, Ko: 


Peakyun nocaedosameAbxou wenn, 
codepsxcawei asnemenmo K,, M, D, Ky 


B KavecTBe BTOporo MpuMepa paccMOTPHM 3aayy HaxOrwKle- 
HMA PeaKUMH MOCMeMOBATEAbHO COCAMHCHHEIX STCMCHTO K,, M, 
D, Ky, MpeactaBaenHbix Ha ur. 2,a (Kg=!1). Has storo 
Mbl HCiowb3syem MmpeoOpasoBanue Jlanaaca M aHanHs paciipese- 
jleHua MomocoB H HyseH Ha MAOCKOCTH S. 

Ilyctb B KaKOM-TO MOMEHT BpeMeHH Ha BXOM CHCTeMbI 
nomaetca emMHuuHE umnysape f,(f). Mb MOxKeM CHMTATb, ITO 
Takoll CHrHal BOSHUKaeT MpH Momaye Ha BXOL usbTpa Cc Mepe- 
naTouHot dbyHkunel F;(s) eAHHMYHOrO MMMMy ba. TlomHaa mepe- 
jaTouwad @yHKUMA 9KBHBaeHTHOTO HellpepbiBHOrO dusAbTpa, 
mpelwecTBylowlerO MOyAATOpy, paBHa F,(s)K,(s). Camkem 
TeNlepb C MOMOLIbIO MepeaTouHOH (byHKWHH 9KBUBAeHTHOrO 
muckpeTHoro quteTpa (F; K,)° BXOMHOM MMMyJbC C CHrHaJOM 
Ha BbIXOMe MOAyAATOpa, T. €. PacCMOTPHM npeoOpas0BaHHe 
curnana Monysstopom. TepenaTounan PyHKUMA CHCTEMEI, mato- 
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meh Ha BLIXOne curHal fo (¢), OyameT paBHa Fy = (F; Kay DK». 
B Haliem mMmpumMepe 


(Kay = (gg) Ot Te? 27e-MP 4 37e-P 





52 
Te78T 
Te-8sT sk a 
Po (FiKaSD Ky = mane lO era = 
Te 8? a 


~~ [—e 8 s(s-a) ° 


Ha qur. 2,6 naHa KapTuHa pacnpenerenua momocoB uM Hy- 
nef dyxuKunu Fy Ha MAOCKOCTH s. OTMeTHM [Be OCHOBHBIe 
o61acTH 9TOM DHarpaMMbl: WeHTpaabHyio, NOMOChI KOTOPOK cooT- 
BETCTBYOT HH3KOUaCTOTHOM YaCTH PeaKIWLHH, H OCTAaJIbHYIO, NO- 
JIOChI KOTOPOH ONpPeeaMiOT BhICOKOUACTOTHY!O YaCTb peak. 

Aluazpamma Fy(s) na naockocmu s xapakmepusyem 
peakuuio C KOAULeECmMBeHHO CmopoHs. B Haulem mpuMepe 9ta 
QMarpaMMa MOKa3blBaeT, 4YTO BbIXOAHOM CHrHat HMeeT JHHEMHO 
BOSpacTalolly!o KOMMOHeEHTy (MOmoCc BTOpOrO NMopayKa mpu 
S==Q), BO3MOXKHYyIO CTyMeH¥YaTyIO KOMMOHeHTy (HCKaxKaemyl0 
NOOCOM BTOpOrO NMopstKa), CHawaiwulylo 92KCNOHCHIMabHO 


KOMMOHEHTY (MOi0C NpH s== —a) Hu Nyabcauun MOcTOAHHOh 
aMIIHTy Obl (MpOcTble MOMOCcH MpH s= + jnQ, n=—1, 2, 
3,..., Tae @—uacToTa MoBTOpeHuA MMMMyAbCOB). 


Tak Kak |.MarpamMMa B OOWwleM Cayuae uMeeT OeckoHeuHOe 
UHCAIO MOMOCOB, MEI He GyeM CTPeMHTbCA K MOAHOMY KOsMUe- 
CTBEHHOMY O/IpeNeeHHIO peaKWWH, a2 NOCTapaeMCA MOMCUNTATb 
TOJbKO OFpaHHyeHHoe 4MC10 KOMNOHeHT. Jaa npu6rwkeHHOrO 
pacueTa HaM| NOHAMOONTCA JIMUIb MpHMeHHTb Mpeo6pasoBanue 
JIlanuaca. IIpeamoa0xuM, 4YTO HAC HHTeEpecylOT AMUb BbIXOZHbIE 
CHTHaJbl B JMCKPe€THbI€E MOMECHTHI BpeMeHH. Mb Haftnem Hx, 
ROOaBUB K NépBOHadabHOM CHCTeMe BTOPOM CHHXPOHH30BaHHbiti 
MOAyaaTOp. I[[pHMeHHM Hallie OCHOBHOe mpeo6pasoBaHue, CBA3aB 


* 
MPH MOMOLLM) 9KBABaJICHTHOTO JHCKpeTHOrTO duabTpa Ky uM- 
MNY/bCHBIC CHPHaJbl, aBaeMble AMCKPeTHLIM GuAbTpom D, xu 
BbIXOJHbIe unny Aece ITpeoOpasopanne BbIXOAHBIX HMMYyJIbCOB, 
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* * ® 
CHEMOBATeEABHO, BbIpaKaeTca cyHKuneh Fo=(F,K,) DKp. 
B mpuMepe cuctembi dur. 2,@ Mbl HMeeM 


h=(s)0—- laa] = 


Te —sT 


gp pene (I aa m|-— —s43] = 


Te 22 1 1 _ 
“Thugs ; —e 8 yg AP est 





T (1 os ee?) (e~8T)4 
~~ (= est)? (1 ST a! a) : 


PyHKUWHA Fo aBasetca palluoHanbHoA dyHKune oT e-eT 
B OTAMYHe OT dyHKuHH Fo, KoTOpad 3aBHUCHT He TOJbKO 
or e-8T, Ho uw oT s. CaenopaTembHo, Fo uMeeT orpaHnueHHoe 
UHCHO MOJOCOB B NaAockocTu e~8", MH KaxKROMy H3 HHX COOT- 
BETCTBYe€T CBOA KOMMOHEHTAa PpeaKUHH. OTH KOMMOHEHTLI OTHO- 
CATCH TOJbKO K HH3KOUACTOTHOM YaCTH peaKUMH, Da KOTOpOH 
H MpOBOANTCA pacueT CHCTeMbI, MOCKOJbKy MoBpeleHue BbIXOL- 
HbIX CHIHaOB B MpOMeKyTKaX Me2KAy MMMyAbcaMH He oMpe- 
neneHo. Peakilua MOXKeT ObITh paso%KeHa Ha KOMMOHEHTHI 
nyTem pa3ssoxKenua Fo wa MpocTe Apo6u uv mpupaBHuBaHya 
WIeHOB, COMepKallux dyHkunu e-87, unenaM, come pKallMM 
BpeMeHHbIe GyHKuHH. H306pascenue ynKkyuu Fo Ha naAo- 
cxocmu e-8? daem B03MOIKHOCMb KOAULECMBEHHO OWeHUMD 
OCHOBHYIO peakuun. | 

KaptuHa pacnooxkenua Hye WH NOmMOCOB dyHKUHH Fo a8 
Hauero MmpuMepa nokasaHa Ha gur. 2,6. Tlomoc B ToOUKe 
e-8T—. 1 cooTBeTCTByeT HMMYJbCHBIM JIMHefiHoO BO3spacrTaloulelt 
H cTymeHyaTof KOMMOHeHTaM, Nomoc e-8?==e%! ykKasbiBaeT 
Ha COCTABAAIOWLyIO C SKCMOHeHUMAIbHEIM 3aTyXaHHem. Kounue- 
CTBEHHbI€ BRIYHCeHUA DaloT — 


‘ TC — ea? (e787 


Fo = ———_——- Soo 
0 (1 sag et ye (1 —@ o%e-*7, 
co ea T 1 
~ (let? 1 ene? 71 or 
T 1 
oi 1 eat 1 eT p—8t . 
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a tlt a 


—aT 
Use Te = st = 
H (eh = 0-- Te-*? +. 2Te-eT + |. npencrapaset 
coook npeoOpasosanue BOSpacTalouwux HMNy/JbCoB. AHanOrHyno 


Borxoduur 
>[mn}—o unnyaaed 
(Fo 


FOuyucyura 
BxO0HO 6 eee 
uMnYALE H-07 ' Benoa (fo) Boxodned 
Fi . 1 : umnyncco: 
: y0ecennoii 
a ¥ACMOMs: 
(F,**) 
Muumaan oce 





flaocxocms e753? 


edicmaumesbngn 
ote 


8 





; Qsndaroigas umnyarcos 
sf ydeoennair vacmome: 





flaacxacme 







\ AGEMBUMENHEA 
OCb 





Bxoduod 
CUSHAA . 


Pur. 2. Ananng N€Ppe€XOAHOFO Mpouecca CHCTEMH, cOmep Kae NocrzenO- 
BaTCIbHO COCAHHCHHHE 91eMeEHTHI. 


@ — GNOK-cxeMa cucTemm, BO36 
, YRAACMOR CAUHHYHNM HMIOYABCOM: 6 
— pac 
HOWOcoB u Hyaeh mpeo6pasopanna Jlanaaca BHXOZHOrO " curnaie da whoekoeeH A 


oS openers HORDEDE H Hyje BHXOAHKIX HMNYABCOB Ha naocKocTH e— ST; 
Om0COB H Hyle BHXOAHHIX HMMYyABCOB YABOCHHOA YacTOTH Ha 


— 87/2 
nd : : 
OCcKOCTI! é@ >; 9—9aBHCHMOCTD BxOxHOrO H BHXOAHOTO CHrHanOB OT Bpemenn, 


1 


Heenere—temtbemanemsney SD, = T = 
Toe er eee BT. | sansetca nmpeo6pazosa- 


HHeM CTYNeHYaTOM KOMMOHeHTHI eee enero res, 
P —e aT y-sT 


_-p- GT e—sT _| | -2aT,~ Sent 
e7STe~s? 1 \e-2aTe—-2eP 1. gory npeoOpasopanue saty- 
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ar etm, sn ce A ET 
e 5 





xaoulux umnywbcos. FiecaedyA cuenad, Mol ae ia 
o2ubanlu yo uMnyALCHOn peakuyuu. B Haliem mpumepe J, (¢t) == 
T 
l¢°* 
ABAHEMCA NPUOAUHCEHHOLM npedcmassenueMm OelicmeumeAbnou 
peakuuu npu npenedpescenuu NYALCAYUAMU. : ae 
Jina onpememeHua nyipcaluuA MeTOLaMH npeo paso — 
MBL mpeAMosox%KNM, TO HMIMyJbCPI MocTy ma1oT . 
CHCTeMbl He C HHTepBasaMl B 7 CeK., a Hepes Kaxgble 7/2 cek. 
Xora cumtp D aetT Ha BbIXOA MMMYyJIbCbl Yepes a aals 
T cek., Mbl MOMKeM CUMTATb, YTO OH y LOBAETBOPACT ae as 
neHHOMy YycCJOBMIO, Momaraa, ‘ITO MMITYJIbCHI, nee naere 
Ha BBIXOM B MOMeHTHE 7/2, MMCIOT aMMaNTyAY, a ha : 
IlpumMeHad OCHOBHOe npeoOpasopaHe, Mbl CMO2KEM CHOBA HalTu 





a 


(i—e-%) aaa t>0. Ima oeubajnwman 
T 


Eo 
OKBHBAJICHTHBIM AMCKpeTHIA PUAbTP Kp, CBASbIBaIOLIMA siete 
Ha BHXOne MumbTpa D c uMMyjbCaMH YABOeCHHOM YaCTOTH H 


ee 
BLIXOMe CHCTeMBI. Tenepb, O2HaKO, apryMeHTOM Ky sBaneTca 


* 

—-8$ -— as 
mepemeHHan @ * (BMECTO e-8T naa cpyHKunn Ky H S— AAA 
pynkuun Ky). Orcwna nmpeoOpasoBanHve, cooTBeTCTBYIOIee 
BLIXOLHHIM HMNYyJbCaM YABOCHHOM YacTOTH, HMCeT BUA: 


Fo =(FiKq) DKo- 
B HauiemM mpumepe 


Te~ 81 e l—2 


+* 
ER 
Fo = 


2 
| est ge al. gt 
— 2 2 
1—_e */\l—e e 


—_—— i e 
2) et) 
i—e */\Nte *7/\l—e e 


Sro BbipakeHve 3alvcaHo B Bue paluoHaibHoh PyHKWLMH 





T 
or e 2. Ha dur. 2,2 moKasaHo pacnpemencnne NOMOCOB H 


-g— 
HyweHh dyHKWHH Fi wa maockocra e *. CpapHupad ce 
c dur. 2,6, Mbl BAMM, TO MOABARCTCA HOBLIM mom0c pu 
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T 
Spies 1 
e *®=-——1), o6ycroBaeHHBIi 4u1eHCM w= 1— 
—_— 3—. 
ite # 
oe yee ta 
—e *-+e *%—e  #-+4+.,.,, KoTOpHa yKa3biBaeT Ha 


HaHuHe B BBIXOZHOM CHrHade KOMeGaTeAbHOH KOMMOHEHTHI. 
STO ycTaHOBMBUIMecH NysabcaunH. CxrexopateabHo, mpousse- 
AeHHOe HaMH YABOCHHE YAaCTOTH! MMMYJbCOB BEIABHAO MyJb- 


+¥ 
caumu! H]s306paxcenue noswcos u xyaed mpynxyuu Fo 
| | T 


Ha nAOcKOcmuU e “2 nozsoanem KOAULECMBEHHO OXaApaKkme- 
pu3zosamb ux u dams Oonee mony OueHKY oOcHOBHOe 
peakyuu. 

Ecau CHOBa MpOeaaTb BCe BHIYHCeCHHA, MOKHO onpere- 
AMTb BeJMYHHBI STHX KOMMOHEHT H NOMYYNTb orH6aloulyo AM- 
NYIbCOB YABOCHHOM YaCTOTbI Ha BbIXOe, a TakxKe yAYUUTb 
alpOKCHMallMio HeHCTBHTebHOM peakuMH. Orn6alollaa noay- 
yaeTCA B BUDE: 


. T 
-h-—— 
2 
fo=t——7 9 (1 eat) 7 A=! (1 —cos Ft), 
=| 2 paar ee 
lte "2 


Ha qur. 2,0 noka3ansl BXOAHOM M BEIXOAHOM curHaJ u 
anpOKCHMMpylouMe OrHOaloulve AAA OOOUX cayyaes. IIpu Heob- 
XOMMMOCTH alNPOKCHMallMA MOXKeT ObITD ellie yyueHa nyTeM 
YBCIHYCHHA YACTOTHI BLIXOJHEIX HMMYJbCOB, Tak YTO MpHMeHe- 
Hue mpeoOpasopanua Jlanaca no cyulecrBy MaeT NOAHY1 Kap- 
THHY peaKUUH. 


| CHHTe3 CHCTeEM 
PKenaembie xapakmepucmuku u YCAOBUA UX pedaauzauun 


Pemenne |3a0a4H CHHTe€3a CHCTEMbI BKUOUaeT ABA acmeKTa. 
Mepppit Kacaetca *KEJAeMbIX XAPaKTePHCTHK CHCTeEMbI, BTO- 
POM — BO3MOXKHOCTH peanH3alMK TOM Han HHO cucrempl. O6a 
aCNeKTa TeCHO CBA3aHbI H JOJDKHBI YUHTHIBATbCA COBMECTHO. 
IIpH pacuere caenauiux cuCcTeM CHa¥yana Ha ocHOBe OOLWMX 

— cooOpaxennt] O MOWIHOCTH CHCTeMBI OGHIYHO BbIOMpaeTCA onpe- 
AeCACHHBIA BbIXOAHOK 9vIeMeHT, KOTOpBIM 3aTeM cCOraacyeTca 
C CHCTeMOH Np NOMOULH KOMNeHCALLHOHHbIX PHAbTPOB, 4TOOI 
o6ecneyntTh TpeOyemble XapaKTepucTuKu nepexoHoro npowecca. 
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MbpI mpexKile BcerO OCTAHOBHMCA Ha KeaeMblX XapaKkTepHCcTH- 
Kax mepexoAHoro Nponecca. B cayuae HMMyJbCHBIX CHCTeEM Nepe- 
XOMHBIM Mpollecc OOBIYHO CHUTaeTCA MpPHeMJIEMbIM, CCIM BpeMaA 
nmepexoMuoro mpowecca MalO H OH OBICTpO 3aTyXaeT, eCJH 
BOSMYLICHHA B O0Ke MpAMOH CBA3H MOMaBAAIOTCA B MOCTATOU- 
HOM cTeneHvH, e€CIH OWMOKH NpH NMOCcAeayIOWeM CrAaxKWBaHHh 
BXOJHBIX CHFHAaIOB MaJbi H eCJIM NyJAbCallwA HMIMYAbCOB Ha BbI- 
XoMe HeBeIHKa. BOMbWHHCTBO H3 YKa3aHHbIX KeaeMbIX Xapak- 
TepHCTHK NepexOAHOrO Mpolkecca MIA KOHKPeTHOH CHCTEMbI 
MOXHKHO Ope ewMTb MpH H3y4eHHH YyMpoOueHHOh OAOK-CXeMbI 
H HCCJ€AOBaHHH pacnpekewenHaA nomocos WH HyAeh MepesaTou- 
HOH (pyHKWHH BCcef cCHCTeMBI B maockocTax e-8? y e-#F/, 
HackoOvIbKO XOPOWO OMHOKOHTYpHad 3aMKHYTaA CHCTeMa MOMaB- 
AdeT BO3MYWICHHA HUH CAeANT 34 CP AaxKeHHBIMH BXOJHBIMH 
CHrHaaMH, JerKO oOnpelemTb no KOIdpPuuneHTaM OLIHO- 
Ku [4]. 

PacCMOTpHM Jlaiee, KaKHe H3MeHeCHHA XapaKTepHCTHK peak- 
IH MOMXKHO OCYUECTBHTb, HCNOJb3yA KOMMeHCAHOHHbIe Pusb- 
Tpbl. YCAOBHA OCYWIECTBUMOCTH HeMpepbIBHOrO HIM HMMYyIbCHOTO 
KOMMCHCANMOHHOFO QHJbTpa CBAZAHbI C TEM OOCTOATeJbCTBOM, 
uTO HH TOT, HH ApyroH uAbTpbI He MOryT aBaTb Ha BbIXONe 
CHrHadl 20 HX BOSOyxKAeHHA. Bananne ycaoBH @usnyeckoH ocy- 
WIECTBHMOCTH JaHHOrO ubTpa Ha ycAOBHA Musn4ueckoH Ocy- 
WIECTBHMOCTH MepeaTOuHbIX XapaKTePHCTHK BCell CHCTEMbI 3a- 
BHCHT OT BbIOOpa CTpyKTypHOH CXeMBbI CHCTeEMBI, HO OObIYHO 
MepewaTouHad yHKIUMA OHOKOHTYpHOM 3aMKHYTOM CHCTeMbI 
C OOBIUHbIM BbIXOJHDIM 97ICMeCHTOM YOBAeTBOpAeT 3THM yCAO- 
BHAM, eCJil OH@ HMeeT HY/ib B Haase KOOPAHHAT Ha MJOCKO- 
cth e 8? (9TOT Hyib NOABAReTCA MpH yuyeTe 3anasibipaHHa 
B QJeMelITe MOWHOCTH). Tak ake KaK H MpH pacueTe Cie AWLHX 
CHCTeEM HeMpepbIBHOTO eHCTBHA, Mbl MO%KEM NMOMAYUHTb TOIbKO 
YC/IOBHA (H3HYeCKOM OCYLIECTBUMOCTH OTCbHbIX CHAbTPOB, 
HCNOAbSYeMbIX JIA KOMMCHCALHH MMITYJbCHbIX Ce AWHX CHCTEM, 
HO MO2XKHO MOKA3aTb,. YTO OCYLeCTBIeHHe KOMMeHCalHH B HM- 
IY AbCHbIX CHCTeMaX OOBIYHO CONpmMKeHO C MeCHbIIMMH TPYJHO- 
CTAMH, YM B HeMpepbiBHbIX CHCTeMaX. @usHYeCKad MPHIHHa 
39TOrO COCTOHT B TOM, 4TO MpHMeHeHHe HMMyJIbCOB B CHCTeMe 
cyKaeT MOMOCy aCTOT QO MOAOBHHbI YaCTOTbI MOBTOPeHHA 
HMITYIbCOB, H STOT OFpPaHHYeHHI BHama30H YacTOT OObIYHO 


AMONYCKaeT MPWMeHeHHE JerKO OCYLeCCTBHMBIX KOMMeHCAalMOHHBIX 
(PH/IbTpOR. 
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IIpumep, Komnencayua OOHOKONMypHOd 3aMKKymoll 
cnaeOnmelt cucmemu 


CuctemMa, MOMAexKaulad KOMMeHCAlMH, moKasaHa ua 
pur. 3,a. SkeBupanentuaa cucrema 6e3 OOpaTHoh caa3u naa 
Hale HeKOMMeHCHPOBaHHOA CHCTeML MpeAcTaBaReTca npocrott 
















a . 
a 
fe ' 
‘ 
re) Naockoems § flaocnocme e7 ** j 
'p 
o . 
| 4 
o \5=0,7 
Oo ' 
' 
‘ 
6 8 
S 
& iMOOHOH cueHoA 
S HOKOMNEHCUPOSOHHOR 
= cucmemin 
x 


Borxoduoit cuznaa 
HOMNENCUPOBANHOR CucmeEMp? 
T a7 Bpema 


Pur. 3. |PacuerJxomnencatopa aaa MPOCcTOH ZuMMy AbCHOK 
| CACRAULCH CHCTEMHI. 

@ — Gnok-cxema creagieh CHCTeMH, MOAReAlNER KoMMeHcanHH; 6 — pac- 

HOAOKCHHE MOMOCOB HW HyAcH HMNYABCHOA He pegaTtouHok PyHKUHH KOM- 

HCHCHPOBaHHOR CHCTeMH; 8 — pacnioro%KeHHe MOAIOCOB H HyAeA yAKuHH 

1/1+XK*) B haockoctu e—Sé, OfpaHHYcHHag KOHTypom ©; 2—cpaBHenue 

MEPCXOAHWIX) NpolleccoB KOMMeHCHPOBAHHOA H HeKOMIeCHCHpPOBaHNOR 
cucTeM, 


TOCACHOBAaTEAbHOCTbIO SACMEHTOB, H3O0OpaxKeHHOM Ha ur. 2 


3 
NepexoaHBA mpowecc KOTOpOM yoke onpemeneH. On noKkagaH 
Ha ur. 2,0. Sanayeh cuntesa spanetca yCTpanenve ycta- 
HOBUBUICTOCA 3aMasQbBaHHA B HePeXOAHOM fMpouecce nyTeM 





20 Sax 2356, | 
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oOaBeHUA KOMMeHCHpytolulero yCTpOHcTBa B OOK MpAMOK CBABH. 
Kos@uuvenThl OWHOKH MO CKOPOCTH MpH 93STOM CHUTAIOTCA 
paBHbIMH HY JO. 

Cuctemy 6e3 KOMMeHCalluH HeOOxXOAMMO CHadala NOABep- 
rHyTb aHaqu3y. Kak moKasaHo B paOotax [1] u [2] 4 Kak erKO 
IpOBePUTb MeTOLOM MpeoOpas0BaHHA CTPyYKTYPHbIX CXEM (6.10K- 
CXeM), PACCMOTPeHHBIM paHee, CHCTeMa C OJHHUM KOHTYPOM OT- 
puWaTebHOH OOpaTHOM CBA3H, OXBaTHIBAIOLILMM 610K MOLYJAA- 
TOp— uAbTP, MOXKET GbITh MpeoOpasoBpaa B SKBMBAACHTHYIO 
cucTemy cjlelyiouero Tuma. OOo3HayHM Yepes DK nepeazatTou- 
HyIO «(pyHKWMO GuAbTpa, cocTosuiero M3 npeoOpasosaTesa 
muckpeTHot uactu curHasa D u mpeo6pasosatern HenpepbiBHOK 
yactu K: Torma 9KBMBaIeHTHad CHCTeMa OyeT COCTOATb H3 
Olle ROBATeAbHOH WellH 9IEMeHTOB, COC MHEHHEIX B CJIe Ay IOllleM MO- 
paAaKe: MOAyAATOP, PUALTp C NepeAAaTOUHON PyHKunen 1/+Dk*), 
(pusbTp Cc MepenaTounow dyHKuueh DK. B Halwem mpxHmepe 








cn _ p- aT p-sTy: Seen ee 
D=(l—e-*e*?), K= sp? 
DK* = (1 —_ e a8 est) (1 — 4?) est _ (1 —e 47) 2 8t ; 
(1 —e8T) (ce e al ys?) 1 — est , 
l —  laett DK _(i—e**)a 





——araP 


1+ Dk" 1—e @Fy-sF? 14+ DK* ~~ s(s+a) © 


Tak KaK 9KBUBaleHTHBIM duntp 1/(1-+4- Dk") mepeaaet 
curHaabt B duaprp DK, To BbixXOAHOM curHal dulbTpa L/i-+ 
+-DK*) aBaseTcaA UMMyAbCHOM OWHMOKOM CHCTeMbI. Koadouuu- 
CHTbI OLUHOKH ABAAIOTCA COOTBETCTBYIOWMMM AMILIMTyaMu CHr- 
Hal0B OWMOKH mpH ¢==0 Aaa cep CJHHHUHbIX HMIMYIbCOB, 
NOCAeLOBATCbHOCTH AMHEMHO BO3SpaCTaIOLUMX HMMY/IbCOB H T. T., 
mOaBaeMbIX Ha BXO CHCTeMbI Ha4HHa C MOMeHTa f== — Oo. 
Memoo onpedenrenua Kosgouyuenmos owudKu cosepuleHHo 
AHANOZUMEN MEMOOY, UCNOALZYEMOMY 8 OOBLYNKLX CUCMeMAX, 
UCKAMLAA mom Gakm, 4MO Mol UMeeM DeAO C OUCKpeMHdLMU 
CUZHQAAML. 

B o6uleM JA MMMYyJbCHBIX CHCTeM Cc OHO oOOpaTHOR 


cBa3bio R-W Kosm@uUHeNT OWMOKH MOKHO NMpeACTaBHTb BbiIpa- 
7KCHHCEM 


s ifs St. dk 1] 
7 | ‘~~ RI ask pK | os : 3 


—sT 
s=0, HK @ =ih 
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Cuctema c paBHEim Hymo KOSPPuNMEHTOM OWHOKH nO no- 
JOKCHHIO HM HYyAeBbIM KOOuLHeHTOM OWN6KU TO CKOpocTH 
OyaeT MMeTb HyseBy10 YCTaHOBHBLyloca OlMOKy npn nogaye 
Ha BXOA CHIHala, COCTORMero 43 COBOKYNHOCTH «HHeHHO BO3- 
PacTaloulux HMnyabCoB. B Hallem mpumMepe ana Takoro curHana 
MpeoOpasopanue |KoTOporo paBHO Te~*T/(| —e-sT)p, HMny abC- 
1y!0 OWIMOKy MOMKHO NpeacTaBHTb B BULe 


Te ~8T 1 Te-8P 
o ASS 1.ONPE a — pe 
(1 7 s?)2 1 +- DK (1 — es?) él ce e~#T,-aP) ° 


Muoxuten (1—-e-8T) 3 3namenareae yKasbipaeT Ha HanHune 
‘CTAaHOBUMBUIeHCA KOMNOHeHTHI. Jina ycrpaheHua ero, oveBuAHO 
ie@OOXOAHMO ROOBBHTb B 4MCANTeEAb BbIPayKeHHA 1/11 + DK*) 
eH (1—e-*?)| B o6piuneix cuctemax c osnot o6paTtHott 
BASbIO B STOM \CAyyae TOBOpAT O HeOOXOAMMOCTH jAONOAHH- 
CAbHOrO HHTerpHpoBaHuA. Saecb unen (1—e-*?) ananornuen 
(HOKUTEMO S$ B OOBIYHBIX CucTemMax. OrmeTuM, 4TO 





oo 
ae — e—st) — 
Han 7p (1 — e-8?) = 5, 
lposeas aHaviu3 CHCTeMbI 6e3 KOMNeHCalMH, BepHemcA 

nmpoOseme onpemenenna Tuna XaPaKTePHCTHK peakKUMH, KOTO- 
bie Obi Obl KeaTeabHbl Hi OCYLMECTBUMBI. Tak Kak nepe- 
aTOuHad qyHKUHA OT BxXOJHOrO MMHybCa K MMIYJbCHOH 
uM6Ke MMeeT HpocToh BHA Hw onHcEIBaerT MHOrHve BaoKHble 
‘OMCTBa MepexOAHOrO Mpouecca, MBI BhiGepeM Takylo nepena- 
SYHYIO PYHKUHIO, KOTOpaa Gbina 6b MPHEMAeMOH HW OZHOBDe- 
“HHO MO3BOMa |Obl yYCTaHOBHTb usuyeckyio OcyuecTBAMOCT 
-MNEHCALHOHHOTO ubTpa. B oem cayyae KOMMe€HCallHOH- 
ie MWIbTpL MOryT ObITb BKJIOYCHbI HAH B OCHOBHY!0 elb 
(dH B OOpaTHy!0| CBa3b, a TakoKe BO BTOPOCTeneHHbIe wenn. 

HaluleM MPHMepe MbI NpeANOAOKHM, YTO PHIbTp BKAIOUeH 
CAE NOBATELHO B OCHOBHOH KOHTYP CHCTeMBI. 

lepenaTounaa dbyHKuAA uMMyAbCHOrO KOMMe€HCaTOpa, BKII0- 
HHOTO MOCJ€2OBATeAbHO B OCHOBHOH KOHTYp, sBanetca pa- 
OHaIbHOK cbyHKuneH oT e-8? u MoxeT GbITh mpencTaByeHa 
K 4aCTHOe ABYX MHOroUteHOB OT e-*7 B Bune P/Q, leper. - 


TOWHaA PyYHKUMA MMNYABCHOM OWMOKH paBHa | (1+ P/Q) = 
Q/(P + Q). Hyan srod nepexarounos @yuKuan oe be 


20* 
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nomocam BbipaxeHua P/Q, nomocbl STOA nepenaTouHoK pyHk- 
HH COOTBETCTBYIOT COOCTBEHHBIM YaCTOTaM CHCTEME! H pyHKunA 
Q/(P+-Q) MoxeT ObiTb HCNONb3s0BaHa AAA onpenenenua KO3d- 
(puLMeHTOB OLUMOKH. BosHukaeT BOMpOC, BO3MOXKHA AH peadn- 
sauna Tako cuctempl? Jina sToro aAyule Bcero pacCMOTpeTb 
BbipaxeHve P/Q. 

HanOomee MpocToh myTb BbIACHeHHA OCyIeCTBAMOCTH Takoh 
nepemaTOuHOn yHKWMH COCTOHT B TOM, uTOOLI, HA OOPaTHO, 
HaliTu mo Hef KOMNeHCHpyIOWwMh PuabTp. Tua cayyaa Hempe- 
pHIBHOM KOMMeHCauHH K, MOET 6LITh MOACUNTAHAa CCA yIOWLAM 
o6pa30M. Bo-nepBbix, H3 P/Q BbilmenseM mepedaTOUHyto (pyHK- 
uuio aucKpeTHoro qumbptpa. Jlanee HaxoJHM nepeaTouHy io 
(cbyHKWHIO HempepbiBHOH YacTH STOTO OTHOWECHHA. Ky ABAACTCH 
NepelaTouHon cyHKuneh, KOTOpaA AOWKHA 6bITh KpaTHa Mepe- 
aTouHoh yHKuAH cpHKCHpOBaHHOh HenpepsiBHOM 4acTH. 


Lice me [K —*—] 
OD L<‘* s(s+a)i — 
a t 
TlanHoe BbIpaweHhe |K ‘ << oy | mpescTaBAseT BO3MOXKHOCTb 


a 
BLIGopa Be/IMYKH Ke 3s) * OcyusecrBuMoe s3HaueHHe Ky 


oe a . 
pceria MOKHO BbIOpatb, ecJH Koaera | HMeeT HY Jib B Ha- 


uane KOOpAMHaT futocKocTH e~8?. OObi4HO HCMOAb3yeTCA HUSKO- 
uaCTOTHbIA usbTp K,, eCAW OH peaTM3yeM. OrTmeTHM, 4TO He- 
KOMMeHCHpoBaHHas cuctema K*D wMeeT HyJb B Haare KOOPAH- 
Hat Ha naockoctu e-8f. Oror Hyb cooTBeTCTByeT TOMY 
cbakTy, YTO HMMMyJAbCHbIA MepexoaAHbIh mpouecc HaunHaeTCa 
p Hye, Tak Kak 4HCIO MOMOCOB B Cro nepewaTOuHOn pyHK- 
HMM Ha Abe CAMHHUE Gombe, eM 4HCAO Hyseh. Uro6n nepe- 
MECTHTb 9TOT HyJb M3 Ha4aia KOOPAMHAT, HeOOXOAHMO BBeCTH 
B OCHOBHYIO Welb OA0K, MMMY/bCHbIA nepexoAHbI mpoiwecc 
KOTOPOrO MMeeT BeAMUMHY, OTAMYHY!O OT HyaAA MPH t—0O, nau 
NpeANOJOKUTH, YTO ABUTAaTeb NOAyNaeT yipapasioulWA curHat 
no MOMeHTa ¢==0. OueBUHO, 9TO HEBOSMOXKHO, TAK KaK KOM- 
MeHCalHOHHLI uAbTPp MpW STOM AO/DKCH 6bl1 Obl BOsOy*K- 
naTbcA AO Mokayw BXOAHOTO curHata, YTOOK! «pasOrHaTbh ABH 
ratemb». (JlerambHo ycsosun dusHyecKOh ocyllecTBAMOCTH 
paccMOTPeHbI B CTAaTbe [2].) 
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B HauleM | pacuete Mb BbIGepem 
1 a Q = (! a a), 
1+DKe P+Q7\ 4 


IIpH TaKoM BbiGope uMeeM paBHyl0 Hy0 OWHOKY MO CKOpocTH 
M OTCYTCTBHE NomocoB y mpeo6pas0Banua Jlanaaca. Orciona 
Mb HafieM HOBOe 3HayeHHe K, paBHoe Ky, H OnpeesHM, Ka- 
KUM O6pa30M| HeO6OxXOAHMO CKOMNeHCHpoBaTh K, uTOObI nowy - 
wuTb Ky. Tak kak Q/(P-+-Q) 2aHo, MB Cpasy HaxoaHM 


Pes 1+—(1—e-*Tf = e-9T (2 e—8?) 








u 
ee | e~8F (Qe 8T) - 
DQ (1 — e AF g-8T) (1 = e~8T) = Ky; 
. ATe~ ®t 1 
K,=—_—T _ 1 
Kem gla +8 (aa aar). 
WAM 
ae tl \_ (A+aB)s+aA 
Ku a+8(- ya) = “ER, 
rge 
I 1—2e-4? 
) | ee a ee aa 
er ner 
CaenopareabHo, 
oe tet me SEES) | x Alar BS A | 
Ss 


@uibtTp Ky unTerpupyer uw ycuauBaeT BXOAHHe CHrHadE H, 
OY€BHAHO, ABARETCA PUSHYECKH OCYULECTBHMHIM. 

Aina OWeHKH NOAyYeHHEIX pesyabTaTOB OTMETHM, 4YTO KOM- 
neHcalua MpeoOpasyer nepegaTounyio dynkuwio cuctemu M 
B BbIpakenve 


a _ (A+aB)s+aA 
———~ 1 — e-8 —nQ Gl p=8T) 
[PDR = ( e~8?) (| —e-aTe-sT) Go) 


Ecau Ha BxXOM) Modan uMnyabe, To npeoOpasoBanve BHXOAHOrO 
curHata OyleT uMeTb BUHL: 


DK, 
Po= (Fi) s= Te-*T (1 — ¢-a%—07y (A148) 8 Fa 
limes (sa) 
H306paxkenue Fy Ha maockocru s (cM. cur. 3, 6) nokasn- 


BaeT, YTO OHO HMEET NMOMOCH TOMbKO MpH s—=0 u s=—a. 
CaeaqoBateabHo, nyabcayuu orcytcrayior. Ko.wnexcayun npuserq 
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x ucuesnosenuio nyazrcayud. Lhenbio pacueTa ABAANOCh NO- 
sqyueHwe CHCTeMb © HyeBoh OWwHOKOH MO CKOpOCTH, H MBI 
HauiatM, YTO Ona paBHa HyAO. UroOsl NOAyYWWTh AOMOAHUTEAb~ 
HBIe KOAMYeCTBEHHbIe XAPAKTCPHCTHKH BEIXODHOFO CHrHata, ONPe- 
J@AWM UMMyJbCLl Ha BbIxXOAe. TlowyuuM 





; DK, T (e872 (2—e7**) fe ** 
Fo=(Fi) “ae eT — ae — Tes? 
1+- DK, ise!) ase") 


ror pesyibTaT MOKasbiBaeT, YTO MepBble Ba HMMNYAbCée 
paBHbI HyJI0, a 3aTeM BEIXOAHOM CHrHat MpaAMO CiuelyeT BE 
sxomHtim. Ha our. 3, 2 H300paxKeHbl KPHBble MepeXOMHBIX MPO- 
IleCCOB KOMMeCHCHPOBaHHOH HM HEKOMMCHCHPOBaHHON CHCTEM. Oue: 
BHOHO, YTO AOCTHFHYTO 3HAYUHTCJIBHOC y Ay WueHHe. 

OrmeTHM, 4TO eCJIH MBL 10 HeKOTOPEIM MpHYHHaM MOKeNAch 
UCHOAb3OBaTb JLPyrve MOMIOCH, BMECTO CAMHUILL B SHAMCHAaTeJ 
1/1 -+ DKy); TO wg06paxeHHad Ha ur. 3,86 AMarpaMMi 
1/(1-+ DK) Ha niocKkocTuH e~8! naeT XapaKTepHCTHKy 3aTy 
XaHHA, COOTBETCTBYIOWLy!0 9THM Nomocam. Ha AnarpaMMe MOXKH 
u3z06pa3HTb KOHTyp 6, MOKasbIBalOLMA OTHOCHTETbHOe 3aTyxa 
HHe yKa3aHHbIMH JMHMAMM (MepeHeCeHHbIMA M3 MTOCKOCTH S) 
Jlaa onpenenenua xapakTepa U3MeHeHHA 3aTyxaHuA C yBeuule 
HHeM BO3MeHCTBHA MOXKHO TakoKe MPHMCHHTb MeTOD HCCAeAOBAa 


HHA pacnosoKeHHA KOpHeh 1/(1-+ DK;) Ha maockocTu e~8? 

Bo3MOxKHO TakK)Ke KOMMeCHCHPOBaTb PaCCMOTPECHHY!0 CHCTEM 
ApyruM MeTOJOM, HCNOAbsysA KOMMeHCHPYIOWWMA MACKPeTHbl 
pumpTp. OnHako 9TO He MacT yayuuleHHA XapakTePUCTHK Ty JIE 
cauuh B CucTeMe. 
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9. AHAJH3 CHCTEM ABTOMATHYECKOroO PETYJHPOBAHHA, 
COJEPKALIHX WHSPOBbIE BbIYHCJIMTEJIbHbIE MALUHHDI !) 


B. K, Jlunsuan, Loc. M. 3aavyep 


Bpeyzenne 


B Hacrosuee Bpema GoAbUIMHCTBO HMCCTeROBaHUh No Wuppo- 
BbIM BBIUMCAHTCAbHBIM. M@lMHaM HeNOCpeACTBEHHO MOcBALeHO 
CO3MaHHIO YCTPOMCTB AA YACHeHHOrO pewieHna Hay4HbIX H TeX- 
HHYeCKHX |3anay. OnHaKO cTaHOBHUTCA BCe bosee OYeBHAHEIM, YTO 
WMPpPOBblé MalWHHH OyAyT TakxKe HrpaTb BaXKHYIO POJb B ABTO- 
MaTHYeCKOM peryMpoBanHun. Boone BO3MOXHO, HallpHMep, Mpen- 
CTABHTb MCNOJb3OBaHHe WHDPOBbIX MAaLUMH AJA pery 1HpoBaHua 
ABTOMATHYECKHX MPOWeCCOB XHMHYECKOFO MPOHSBOACTBA HAH AA 
BHIMOAHEHHA BHYMCACHHA, CBASAHHEIX C HCMOMb30BaHHeM aHHBIXx 
PaAHONOKALHOHHOH CTaHULMH CONPOBOKAeHMA B CHCTeMe yipa- 
BACHHA CaMONeTOM. Ijudpopan MallinMHa cTaHOBUTCA OOBIYHBIM 
SJIEMCHTOM B 34MKHYTBIX CHCTeEMAaX ABTOMAaTHYeCKOrO peryaupo- 
BaHiv, B KOTOPbIX ee eHCTBMe CpaBHHMO Cc JefcCTBHeM MOEA 
HempepHBHOrO AeHCTBHA HAM MOZeEAMpyiowwlero buabtpa. Morxuo 
CHHTaTb, NTO TOYHO TaK 2Ke, KaK MOMeAMpywulee YCTpottcTBo 
MaeT pellleHve Anddepeniuarbyoro ypaBHenua, UndpoBaa Ma- 
MUMHa MOsBOAACT NOAYYHTh pewleHHe PasHOCTHOTO ypaBHeHHa. 
Jaa T1pHMeHeHuft BaxKHO, 4YTOOHI Wuuposad MalivHa Oblaa nocTa- 
TOUHO ObICTpOmeticTByiowmleh, T. e. YTOOEI OHA MOraa 3aBepWaTb 
OnepalHu|B pearbHBe CpoKuH. 

Bonpoc 0 npeumymecrBax wu HemocTaTKax NlpHMeHeHHA LHpo- 
BUX BBIYHCAUTCbHEIX MaWWH AA were ynpaBreHMA BEXOLUT 
$4 PaMKH HacTosueh cratbH. MooxkHO AMUIb yKa3aTb, YTO Kax- 
AblA Cayya Takoro npuMeHeHua AOmKeH PaCCMaTPHBATECA C y4e- 
TOM OCOOeHHOCTeH KOHKpeTHOH 3anaun. Hekotopnie coo6paxe- 
HWA, KOTOPbIe MPMXOAMTCA MPMHHMATb B pacuer, CTaHyT ACHDIMH 
M3 JalbHeHwero u3sioxeHHA. MooxkHO NOcTaBUTb CAeLYIOULy!o 3a- 
avy: AONYCTHM, 4YTO NPHHATO pelwleHHe HCNOAb30BaTb LUposyto 








4) Linvill W. K, Salzer J. M., Proc. IRE, 41, 7, 901—906 
(1953p. A., , 41, Ne7, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


312 | B. Jluneunn u Tox. 3aaoyep 


MallHHy B CHCTeMe peryMpOBaHHA; Kak MpOaHaM3HPOBaTb 
pa6oty TakoH cuctembi? “UroOb OTBETHTb Ha 9TOT BOMPOC, 
HeOOXOMHMO Mpexkse BCerO BHIACHHTb, B YEM COCTOHT OCHOBHOE 
pasmmuneZMexkiy CMeLUaHHOn cucTeMOm (B WeMb KOTOPOM BKAI0- 
ueHa WMpoBad MalHHa) WH OObIYHOM, CHCTeMOM peryMpOBaHus. 
















Hpeobpasosame nv 
OucKpemmosr 
Htbit 


Cinandopmnan 
¥OC Mb 
caooaned 
cucmembt 








Rugpooaa 
BUINUCAUMEALNAR 
maeuna 


Burxod 















ycmpoucmoo 


Pur. |. Wpoctaa caeasmaa cuctema, comepmwalian "incp POBY 10 
BLIYHCAHTCADHY!0 MallHHy. 


Hacrosulas CTaTba MOcBAWweHa YaCTHOMY BOMpOcy TeOPHH CME~ 
IUAHHEIX CHCTEM, CBAZAHHOMY C HeW3Oe2KHBIM npeo6pa30BaHheom CHT - 
Hana K JMCKpeTHOMy BUY Mp MpOxoxKAeHHM Yepes Wudposy!o 
BHIYMCAMTeAbHy!O MaluHHy. LleACTBUTebHO, mo6oe ycTposctTBo, 
jefictBHe KOTOPOrO AMCKpeTHO BO BpeMeHH, MOXKET OMePUPOBATh 
C JIAHHBIM BXOMHBIM CHIHAJOM JMIlb B TeyeHHe oNnpewereHHOrO 
NpoMexkyTKa BpeMeHH HW TeM CaMbIM npeoOpasyeT HenpepbiBHble 
Ranuple B AMCKpeTHBe. B BHYMCAHTCbHEIX MallIMHaX COBPeMeH- 
HOro Bua apHPMeTHYECKOe YCTPOMCTBO HCNOAb3SyeTCA ANA BEINOT- 
HeHHA ONepaluf Had MOCAeOBATEMbHOCTbIO HMMYABCOB, B TO Ke 
BPeMA NOCAeMOBATebHOCTH HMMYbCOB CAyKaT AAA BbINOAHEHHA 
KaxKnoro wara Tpe6yemohH onepallun. 

Paccmotpum dur. 1, Ha KOTOpOM MpeactaBaeHa 610K-cxemMa 
HpocToh caenaueh CHCTEMHEI, comepxaweh undppoBylo MaLllHHy. 
Ito AMWb OHA 43 COABWOFO YHC1a BOSMOXKHHX CXeM, B KOTO- 
pbiX B KauecTBe 9ieMeHTAa CHCTEMB! pery MpOBaHHa MOKeT HCHOAb- 
gopatbca wadposaa MawwHa. Ho avaqu3 AaHHOn KOHKpeTHOH 
CXeMBI NOSBONHT HaM BLIACHHTb OOuIHe MmpOOseMBl, C KOTOPBIMH 
MBL CTANKHBaeMCa BO BCeX NOMOOHEIX cucremax. Mmnyabcuo- 
KOMUpylollee ycTpoftcrBo mpeoOpasyeT HempepbBHble WaHHble 
B MMCKpeTHble, a 3aTeM NpewcTaBiseT UX B BUMe HCE AAA 
UCNO/Ib30BaHHA B LUMpoOBOK BINHCAMTe/IbHOM MaLMHe. Lludposas 
MalHHa MpOusBOAMT pad ONepauu Hal BXOQHBIM CHTHATOM. 
Sarem C BbIXONa WNpoBOh MaLIMHbI CHTHAA, KOTOPHIA elle HMCET 
auckpeTHyio uncaoBylo dopmy, noctynaeT B npeo6pasyoulee 
M MeKolUpyioulee ycrpotictso. Tlocaeanee mpeoOpasyeT MMCKpeT- 
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HbA CHrHaa B HeNpepsBHLIA H NOROGHHTE HCXO2HOMY AIA HCHOWb- 
SOBaHHA B OOKIYHHX ,HeMpepHBHBIX* 9eMeHTAaX CHCTeMLI. 

Tip aHammse cucTeMb, H306paxKeHHof Ha pur. 1, BosHu- 
Kal0T TPH HOBbIe NpOOJeMH, CBaA3aHHEIe C ONHCaHHeM cle yio- 
UuLMX Mpoueccos: 1) mpowecca noayyeHHA AHCKPeTHWIX JaHHEIX 
Ha BxOe wMppopoh MauiMHn; 2) onepaunt, MN POH3BOAHMBIX 
UNpoBOM MalHHOH Hak BXOAHHIM QMCKPeTHBIM CHPHad0M; 
3) mpouecca noayyeHHA HeNpepwBHOrO CurHana H3 AMCKpeTHOro 
Ha BhIxXONe WAPpoBOM MalWwHHH. Octanbuaa yacTbh cucTemMH pery- 
AMPOBaHHA COCTONT H3 OOKYHEIX SAeMEHTOB MH NpPOHSBOMUT ONe- 
PalHH yoKe Haq HeENpepbIBHNM CHrHaOM. O6sIqHO OCHOBHY10 
WaCTb CHCTEMBI COCTABAMIOT CTAHDApTHEle SeMeHTHI. 

AHaqH3 MOMOOHHIX CMeLIAHHEIX CHCTeM 3Ha4NTeAbHO ynpo- 
UlaeTCH MpH ONMCaHHH paOOTH BCeX ee S1eMeHTOB MpH NOMOULH 
OAHHAKOBOrO | pona (4H60 YaCcTOTHEIX, 60 BPeMCHHBIX) Xapak- 
TepucTHK. B kauyectBe o6ulef OcHOBLE Jaa UccrenoBaHHA 
B HacTOauleH paOote BHOpan yacToTHHH Meton. K STOMY HMe- 
JHCb CieRylouMe OCHOBaHHA: 1) YaCTOTHH MeTON oKasaaca 
BECbMa S*PeKTHBHHIM NPM aHanv3e OOMYHHX CHCTeM aBTOMaTH- 
WeCKOrO peryHpOBaHHA; B TO Xe BPeMA M3BECTHO, 4TO CHCTeMa 
B 3HA4HTCAbHOM CTemeHH COXpaHaeT CBOM OOBIUHHe cROfcTBa 
qaxe Toraa, KOrwa B Hee B KaueCTBe S/eMeHTa BBeneHa WHCppo- 
Bat BHIMMCANTEAbHaA MaluMHa; 2) Mpoweccht noAyYeHuA AMCKpeT- 
HBIX MaHHbIX H3 HENPePHBHNX MH HEMpepwIBHEIX H3 AMCKpeTHEIX 
BECbMa YAOOHO HCCTeROBAaTb B YACTOTHOM O6.nacTH; 3) onepauun, 

_ ApOwsBOAMMBIe WNpoBsoh MauWIMHOM, 4YaCTO aBaARIOTCA AMHeMHHMH 
_ H, CH€QOBATEABHO, MOFYT ObITh AeTKO paccMOTpeHW B YacTOTHOH 
o6acTH. 

Bkpatue pe3yAbTaTH HacToaleh paboTH MOryT ObITb cchop- 
MY/JMpOBaHh Ce2yIOuLuM O6pa3som: 

1. TlokasaHo, yTo mpouecc nonyyeHHA ANCKpeTHHX aHHEX 
€HaOrHueH Mpoleccy aMMIMTYAHOK MOAYAAWHH. 

2. Tipowecc nonyyeHua HenpepbiBHHX aHHWX u3 MUCK pert- 
HBIX aHaAOrH4eH NMpOWeccy CrAaKHBaHHA Np aMMAWTy HOM NeMo- 
RY AAWHH. | | 

3. JIuHefiHble ONepallvH, BbINOAHAeMBIe Ludposoh MawuHot, 
MOryT ObITb OMMCaHbI NepewaTOUHBIMH yHKuMaMH. 

Cuctembl pery 1MpOBaHHa, COMepKalilHe LLucppoBbe MaLIHHEI, co- 
BEPINCHHO aHaJOrM4Hb! OOBYHBIM CHCTEM4M, HO HX MOXKHO Mpeacra- 
BHTb CeGe COCTOAIIMMH M3 ABYX ¥acTe: B ODHOH Yacru pacnpoctpa- 
HaeTCH OOMYHEIM CHrHad, a B Apyrok — cHruay B Bugle orn6aioueh, 
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pe re A ee 


NojyYeHHOH B pesyAbTATe METCKTHPOBAHHA AaMILMTYAHO-MOLYy - 
WMpOBaHHOK HecyuleH. Ty 4acTb CHCTEMbI, B KOTOPOH pacnpo- 
cTpaHaeTca OObINHBIA CHrHad, Mbl YCJOBUMCA Ha3biBaTb CTaH- 
wapTHoH, a uacTb, COMepxKallylo WMpoBylO BEIYHCAMTEbHY10 
MalIMHy, B KOTOpOM pacnpocTpaHAeTcaA aMMAUTy 1HO-MOMY AHpO- 
BaHHbI CHrHaa,— HeCTaHJapTHon. 

B unacrosuleh cratbe OyweT MpoBedeH YaCTOTHDIA aHaJs3 
TOAbKO HeCTaHMapTHOM YacTH cuHCcTeMbI peryMpoBaHua. B npe- 
Abidyuieh padote [1], MocBalleHHOR CucTeMaM MIpepbIBHCTOTO 
peryaMpoBanna, Obl aH aHnaW3 CHCTeMBI, comepxKaueh HM- 
NybCHLIM 9vIeMeHT, OJHaKO elle He Obi paccMoTpeH cayuan, 
Kora CHCTeMa COEPKUT UMPpoBylO BLIMHCUTeAbHY!O MaLMHy. 
PemeHne 3amaun anamu3a C1ooKHOM CUCTeMbI, COLepKalleh LU@po- 
Byl0 MHIWHHY, MOyuaeTcH Cpa3y, KaK TOAbKO OMpewemena Nepe- 
naTounasd pyHKwus Wudposok Mawmubl. Llerb HacToatileh padoThi 
COCTOUT B TOM, 4TOObI B OOWIMX YepTaxX MOKasaTb, Kak B oObI4- 
Hy!0 CHCTeMy peryAMpOBaHMA MOXKeT ObiITb BKMOYCHA Wudposaa 
BEYUCAUTeAbHad MallMHa. Boaee nomHoe wccaeqoBaHve Wudpo- 
BbIX M@llHH HM UX CBOHCTB YaCTOTHLIM MeTONOM OydeT MaHo 
OHMM W3 aBTOPOB B Cenyouleh crTatTbe *). 


IKBHBAJICHTHaAA CXeMa 


Paccmotpum dur. 2, Ha KOTOpOM MoKasaHa HecTaHapTHas 
yaCTb CMelWUaHHOH cuctTembi. Tlocko“AbKy HeMOCpeACTBeEHHOE OTH: 
Cave JUCKpeTHbIX CHTHAIOB Ha BXOZe M BLIXOMe B YaCTOTHO! 
O67aCTH HEBO3MOXKHO, TO CeLyeT MOAb30BaTbCA IKBUBAICHTHDIM! 
nauubimu. B uacTHoctu, ecaH B cxemMe dur. 2 MbI 3aMCHH! 
KaKlOe DMCKpeTHOe 3Ha¥eHHe MMMyAbCOM, NAOWalb KOTOPOT' 
paBHa COOTBETCTBYIOWeMy AMHCKPeTHOMY CHTHaAy, TO Mbi MOuTy 
UMM 9KBUBAJeHTHYIO Wellb, CXeMa KOTOPOHM MOKa3aHa Ha our. 3 
QIKBUBANMeHTHOCTh cxem (pur. 2 HM 3 AerKO YCTaHOBHUTb, CC. 
6ymeT mMoKa3aHO, YTO OTHOMEeHHe o(f)/i(t) 3B o6oux cay4an 
aBineTCA OMHaKOBbIM. B pealbHOM ycTpOHcTBe CHrHal i(t 
ABAMETCA DMCKPeTHOM MOCAeCROBATeABHOCTbIO 3Ha4eCHHA, CeLyl0 
UIMX Apyr 3a ApyroM Yepe3s ODMHaKOBble MHTepBabl BPeMeHh 
Oru 3HayeHHA MOKHO KOMMPOBATb Ad BBOMA B UMdpoBylo Ma 
LIMHY B BULE NOCAeMOBATEbHOCTH YHCeN, 3aNCaHHbIx B ABOWY 
Hofl cucTreme ucuncreHua. B 9aksuBateHTHOK Wenn CHrHal i(. 





) CM. caenyoulylo CTaTbIO cOopHuka.— ITpum. peo. 
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MOAYAUpyeT Hecyllyio B BAe MOCAeAOBaTeAbHOCTH OCTPOKO- 
HevHBIX HMNYbCOB CAMHMYHOH MAOWaaA C YacTOTOH noBTOpe- 
Hut 1/T, roe [7 —npomexkyToK BpemeHu MexKLYy ABYMA HMIYJb- 
camH. Mexay naouwalaMa MMMyAbCOB 3TOM MOCAeAOBAaTeABHOCTH 
M AMCKPETHBIMH KOAMPOBaHHBIMH 4MCaMH, dakTMYeCKM nocTy- 
Ta'OULMMH Ha BXO WH®poBok MauIHHbl, MMeeTCA OMHO3HAUHOe 


Bxoduol | Bomodnod ducnpemuoid 
ae Jucnpemuurd CUZHOA, NPeodparosanHuttt 
cueHaa 4uppocou MutuuKOE 






















PLOOPasosawieny 
HENPEPLIBHIA 
OGHHOIA 
6 duckpemuose 


{pcobpasodamene 
JucKpemurta 
Jannorr 
G HeENpepournote 


Uuposan 
GUIMUCAUINCALHAS 
mululuHa 


é(t) o(t) 







Pur. 2. Onepayuu unpposo# ssucanteapnol MallHHbI Hag 
HEMPePbIBHBIM BXOJHbIM CHrHaJOM. 


COOTBETCTBHE. OKBUBANCHTHLIA AMCKpeTHBIA P¥1bTP NpousBoAUT 
Onlepaluh Hal NOCA€LOBaTeAbHOCTbIO UMNYAbCOB TOYO ‘Tak Ke, 
Kak WHppoBad MauIMHa MpousBOAUT onepauuu Hal LHCKpeTHOt 
NOCICHOBATEAbHOCTbIO YMCen. OTciona CaehyeT, 4TO naoWanu 
HMNYIbCOB Ha BbIXOMe SKBUBANeHTHOFO AMCKpeTHOrO PulbTpa 
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Pur. 3. SkBuBateHTHaA cxema K qpur. 2. 


OAHOSHAYHO COOTBETCTBYIOT YHCaM Ha BLIXOAe WHdpoBott BEIUH- 
CAMTCABHOM MalvHbl. Takum O6pa30M, LeMOLyaRTOp 9KBUBaNeHT- 
HOM CXeMBbI Ha (bur. 3 uMeeT TOUHO TaKy!oO Ke HMIMyIbCHY10 
MepeXOMHY!O XapakTepHcTHKy, KaK H MCTHHHBIM mpeobpasopa- 
Teab AWCKPeTHBIX JaHHbIX B HeMpepbiBHble. Tenepb yoxe aerKo 
NOKa3aTb, YTO HA BbIXOe MCTHHHOM HW SKBMBa/IeHTHOH ene 
MbI NOJYUMM SKBHBaJICHTHbIe CHrHaJIbl. 

YCTaHOBHB 9KBHBA@JICHTHOCTb MexKAY AeACTBUTeAbHOM HW 9KBH- 
BaJeHTHOH) WeNAMH, PaCCMOTPHM MOCAenHIOIO 6osee NoApo6uo. 

QOparumca kK qpur. 4, Ha KOTOpOH Ata YacTH Oro cayuag 
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noka3aHa @opMa CHrHata B pas/IMYHEIX TOUKAX SKBUBAaNeHTHOR 
nenu. Ludpopaa BbIUNCAMTebHaAd MaliHHa B JaHHOM Cdlyuae 
ucnom3yeTca Wa AusepeHuMpOBaHHA BXOAHOM yHKUMH. Ha 


Bnemenuaan obaacmo Yacmomuan o6aracmp 
(u3menexue cuzHana 60 apemenu) (uamenenue cnexmpa cuznana) 


a. “ 
a) Henpeporsnorii exodvou ne 
i(t) 
GUEHGA Amnaumyda { I(w)] 
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2) Aucxpemnoit eoixodnou 
cons Amnaumyda [0*(w)} 





O) Henpepsrenoiii evixodvott 
o(t) a: cuca Amnaumyda [0(w)} 








Mur. 4. Bua cuHriaaa B pa3sIHYHWX TOUKAaX SKBUBaJeHTHOH 
wenn ur. 3. 


bur. 4 moka3aHO BAMAHHe KaxKAOrO Wara MpH MOCAeOBATCAbHOM 
npeoOpasopaHHH CHrHadla, Kak BO BP€MCHHOM, TaK HM B YaCTOT- 
HOM NpeAcTaBseHHH, 
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IIpouecc MOAY4eHHA AWCKPETHRIX AAHHEIX 


Kak ye yKasbBanocb, mpouecc nozyyenna JUCKPeTHBIX 3Ha- 
ueHHit /(¢) aHanOrMyeH MOAYAAUHN MOCAeROBaTeAbHOCTH MMIlyJIb- 
COB CHrHasom i (f). | 

B pesyabTate pa3jokenua Hecyulett NOC1eLOBaTeJIbHOCTH 
CRUHHYHEX HMITYABCOB B pA Pypbe MbI MOMYYHM MOCTORHHY10 
COCTABAAIOULYIO, OCHOBHYIO rapMOHHKy c nMepvonom T u G6ecuu- 
CHCHHOG KOAMYECTBO TapMOHHK C paBHBIMH aMMaMtTyaaMu. Jas 
TOrO 4TOOHI| BbIPasHTb STO B MaTeMAaTHYeCKOh (opMe, Mb O60- 
3Ha4HM Yepes a" (f) NOCAeOBaTeNbHOCTh eMHMYHBIX MMIyJIbCOB 
HecylueH 4YacTOTH H 3anHlleM 


‘00 on 


"O= Yo a¢—aenat Y esr, (1) 


k=-c kx --co 


P 3 


rye u“(¢)—umnyabcuaa dbynkuus; T— nepHoR Mey HMMysJb- 
camH; @ == 2n/T—yraopaa uactota, a e— ocHosaHne HaTy - 
PatbHElx AOrapadMos. M3 ypasnenua (1) BaaHO, YTO aMILIHTY Ab 
BC€X TapMOHHK paBHH 1/7. Ha cur. 4, a nokasan HenpepnB- 
HHA BXOAHOM curHaa i(t), a Ha dur. 4, 6— Hecyluaa mocae- 
AOBaTCAbHOCTH CAHHHYHEIX HMIyaAbCoB u* (t). Tipowecc mony aauuH 
NOCACAOBaTeMbHOCTH HMNYAbCOB PaBHOCH/IeH MOAYAAWAK KaxkKAorO 
wieHa paiwa Pypbe sToH MocaeAoOBaTeAbHOCTH. 

Cocrapasioutaa, KoTopas NOAYYHTCA B PesyAbTaTe MOAY AWM 
NOCTOMHHOTO “ieHa pala Pypbe HCTMHHEIM CHrHaqoM i(f), paBHa 
STOMY CHTHaly, YMHOKeHHOMy Ha 1/7. CocTasaaioujue, noay- 
YCHHBe B PesyJbTaTe MOAYAAWLMH CHHYCOMMAAbHHX WIeHOB, AaloT 
GecKOHeYHO HorbUIOe YHCAO MOGOUHHIX AHHUH B cneKTpe, cooT- 
BETCTBYIOUMMX HECylMM YacToTam @, 2Q, 3Q, u 7. a. 

HasoBem MOLy AMpOBaHHble CHHYCOMAHI NOGQUHEIMH CurHawaMmH. 
OHH BOSHHKaIOT B Npouecce MOMyAAHH MW HPORBARMOTCA Ha Bu- 
XOMe BMECTE C MOMe3HbIM CurHatiom. Ha dur. 4, 6 moKasanbl 
NOMe3HHA CHrHa HW HECKOAbKO NMOGOYHHIX COCTABJAIOLUUX, BO3- 
HHKAIOWUX BCCACTBHE MOAYAAUMH CHHYCOMMaIbHEIX TapMOHHK. 
H306paxkenue Jlanaaca nuckpetuoro curnava i* (¢) CBA3aHO C H30- 
OpaxkeHHem HeMpepwBHOrO cHrHaaa NpH MOMOWK Cienyioued 
opmy Al: 


r(j=t yy (s+ jkQ). (2) 


k2z-o 
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Mpouecc npeoO6pasoBaHuA AMCKPeTHBIX MaHHBIX 
B HelIpepbIBHble 


UacrorHoe paccMoTpeHve mpouecca mosyyeHha AMCKpeTHOTO 
CHrHata MO3BONAeT BLIACHUTb, Kak JOKeH MPOUCXOLUTh OOpaT- 
HEI mpowecc momyyeHHA HempepbIBHOrO = CHTHaa. Tlostomy 
mpekme YM 3aHATbCA aHa/IM30M pa6oTni UNppoBoh BbIMHC/H- 
TeJIbHOM Ma@lUMHbl, HaM ClleayeT paccMOTpeTb BONpOoC O npeoopa- 
3OBaHHM AMCKpeTHBIX JaHHbIX B HEMpepbiBHEle. 

Tipexae Bcero Mbl BbIACHHM, KaK MO2KHO BHOBb MOJly4HTb 
NepBOHauaIbHbI CHrHad, eC 3a MPOlWeccOM npeoOpa3o0paHuA 
CurHala B MMCKpeTHy10 (OpMy HeMocpeACTBeEHHO CeAyeT Mpo- 
wecc NOAyYeHHA HempepbiBHOrO CHTHata. SaTeM MbI MOKaKeM, 
uTO Te 2Ke paccyXAeHHA MpHMeHHMbl HW Aa Cayad npeoopa- 
30BaHUA JMCKpeTHOrO CHTHada B HeMpepbIBHBI Ha BbIXOTe wud- 
PpOBOH BHIYMCAMTeAbHOM MalHHbl. Hakouell, Mbl BbIACHHM, KaKOe 
BIMAHHe OKa3bIBaeT WMPpOBad MalMHa Ha DMCKpeTHBIA BXOJHOM 
curnaa. Vis paccmoTpeHua dur. 4, a W 8 M ypaBHeHHA (2) acHo, 
uTO JAA TOO YTOOb! M3 AMCKPeTHOTO CHrHata BHOBb NOAYYHTb 
UCTHHHEIM HempepbIBHBIA CHrHat, HeOOXOAMMO MpOcTo OT*PHIb- 
TPOBaTb MOGoOuHble COCTABAAIOWUIMe TAK, uTOObI OCTAJICA TOJIbKO 
nonesHEfi curHant. TakuM o6pa30M, ecm Mpowecc moyyeHu 
WUCKpeTHOTO CHrHada MO_OGeH Npoweccy MOAYAALHH, TO o6pat- 
HEI Mpowecc NoLO6eH Mpolleccy cra .KMBaHHA Mp JeMOJLy AALLMH. 

[ipu @usbTpauun QUcKpeTHOrO CurHada, TOYHO Tak "Ke Kak 
M Mp dubTpauwd AeMOLYAMpOBaHHOrO CHTHaJa, HEBO3MO%KHO 
U36aBHTbCA OT BCeX MOOOYHEIX TapMOHHK. Hanomum, YTO Craa- 
1KHBAHHe NP LeMOLy AAWMM CTAHOBHTCA OONee TPYAHBIM AA WHPO- 
KONOAOCHEIX CHPHAIOB, NOCKOJbKY CiekTpbl CHrHada WH PapMOHHK, 
moweKkallux QHwAbTpalu, Haka MblBaloTca apyr ua apyra 
B 6olbuef momoce yacTOT. ITO ocraetTca EnpaBeaiusbiM HW As 
cayyad momyyeHua HeNpepbiBHorO CHTHala Hs JUCKpeTHOroO. 

B TO BheMA Kak CieKTp MoMesHOrO AMCKpeTHOrO churHaia 
CKOHUEHTpHpoBah ,BOKpyr HyTeBOM YaCTOTbI, CNEKTPH rapMOHHK 
CKOHIeHTPUpoBanL! BOKpyr yacToT Q, 2©@, 32... Huskouactor- 
HLM uAbTp MOMKeT MpONyCTHTb nosesHbi CMPHad KH 3aepKaTb 
MO6OuHbIe TAPMOHHKH TOJbKO B TOM ciyyae, eC MMeeTCA 10- 
cTraTOUHOe paccTOAHue MO OCH YacTOT MOKIY CHeKTPaMH *Kedae- 
Moro H HexkedatembHoro curHatos. Korga WMpHHa cieKTpa 
nose3HOro CurHala NpHOAMKaeTCA K BeHYHHE Q/2, duabTpalun 
CTAHOBUTCH HEBOSMOKHOM BCIeACTBHE TOPO, TO CNEKTPbI KeTae- 
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MOrO H MellaiolerO CHrHaAOB HaKAaDWBalOoTCA Apyr Ha ‘pyra. 
/laxke B TOM Culyyae, Koraa CieKTPH NOMe3HOrO WH MeLUaIOWwero 
CHTHaOB He HakalblBaloTca Apyr Ha Apyra, HeO6Xo_UMO 
BbIOpaTb ONTHMAJbHOe COOTHOLIeHHe MexKAY duAbTPyIOULMMH 
CBOMCTBaMH (QuAbTpa M 3aNa3AHBaHHeM mo base. Xopomasn 
UlbTpaunA MOXKeT ObITh NOMyYeHAa TOAbKO LeHOH S3HaYHTeALHOFO 
3ana3sQbiBahHuA mo dase. 

Iletb ycrpofictpa aaa NOJY4eCHHA HeMpepwIBHOTO CHrHaaa 
HS AMCKPCTHOFO Ha BbIXOLe WMpoOBOK MalHHE COCTOHT He B TOM, 
UTOOb! BHOBb MO/YYHT HENpepEIBHy10 pyHkuuio, KOTOpas cyule- 
CTBOBaa LO STOrO, a B MOAyYeHHH HOBOM HenpepuBHOH *pyHk- 
uuu O(f) 43 AMCKPeTHOTO BEIXOAHOrO CcHrHaza o*(t) undposott 
MalUMHBl. OTOT Mpouecc NoKasaH Ha cur. 4, 2 uO. Tem He MeHee 
OCHOBHOe TpeOoBaHve OCTaeTCA NOKa TeM %Ke, TO H paHbue, 
T. € YCTpOHCTBO AAA NoAyueHHA HenpepLiBHoro curHata H3 
AWCKpeTHOTO CHrHaa o*(¢) nOMKHO aaa (PubTpauHH Melmalo- 


WMX CHPHaIOB /O6alaTb XapaktepucTuKkoh PuAbTpa HHu3KHX 
yaCTOT. 


Onepanun, npousBoaHMBIe WH®poBo BEIYHCAHTe ABHOR 
| MalIHHOHK 





Haswuve unposot Mawmybt B CHCTeMe He MeHAeT MpHpOdbi 
AMCKPeTHOFO CHrHadla, 4 TOABKO U3MeHHeT BeAHYMHY JMCKpeT- 
HBIX 3Ha4eHHM. CyuectseHHoe MIpCHMYLECTBO WH@poOBOH MalUHHBI 
COCTOHT B TOM, HTO OHA MPOMS3BOAUT AeHcTBUA Had OTAeAbHEIMH 
QUCKPCTHBIMH 3Ha4YeCHHAMH C OOAbUIOH TOUHOCTBL. 

Alaa Toro jyTo6H noayyuts BbIXOJHYIO MOCeLOBaTe/b- 
4ocTb o*(¢), unppoBan MawuNa BEINOAHAeT Had, BXOJHOK nocue- 
JOBaTeAbHOCTbIO| i*(f) CoBeputeHHo onpekereHHyio onepaunw., 
UBA3b MEKAY STHMH ABYMA NOCACAOBATEABHOCTAMH NaeTCA Mepe- 
KOMHOH XapakTepucTuKol LM@posoh mMawHHH, HehcTBHe KOTO- 
0H OMnpenenneTca cepuef MHCTpyKuUh, MMCIOLUWMXCA B ee 3an0- 
AHHalOWeM yCTpolcTBe. Ota cepna HHCTPYKUHA HasblpaetTca 
TpOrpaMMOM Wndposod BEUNCAuTeAbHOM MalwuHN. B TOM CJIly4ae 
corda ONepalwy) ABAMIOTCA AMHEAHEIMH, MpOrpaMMy MOXKHO OXa- 
aKTCPUSOBATh NepenaTOuHO hyHKuMet, mpuyem uMeerca AaleKo 
(ayulad aHaOorHa MexKAy cocTaBaeHnem NporpamM H pacuetom 
(HHeHHBIX Lene, : | 

PaccmoTpum | pumep, H300paxkennpit na dur. 4. B 9Tom 
AY4ae 3a aye UNPpoBok Manu! ABAReTCA Rutpepenuupospanne * 
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BxOJHOro curHana. HanomHuM, 4TO OnepaunA ANppepenuMpoBa- 
HHA ONpesemeTCA COOTHOLWICHHEM 
d _ i—ité—T 
i (t) = lim i@— ie), 
ad r>0 


(3) 


Ho nockosbky WUndpoBad MallidHa OMepupyeT Hal AHCKPCTHBIMH 
uHCaMH, TO NOAYYHTh NpH ee MOMOWH MpousBoAHylo, CTporo 
ropops, Heab3s. BpemeHHo untepBat 7 Me%KAy AMCKPeTHBIMH 
3HAYeHHAMH CHTHala JOMKeH OCTAaBaTbCA KOHEUHIM, HOO B Mpo- 
THBHOM CJlyuae Mbl He OyeM HMCTb ego C cucTeMOM JHC- 
KpeTHOro cueTa. 

[luppoBan MallMHa MOKeT MpOHSBeECTH OMepalHlo nudde- 
PeHUMpOBaHuA JAMWb MpHOamkKeHHO, Oe3 Mepexowa K Mpeneary. 
B TakKoM cayyae CHrHal Ha BbIXOde CueTHOM MAaLIHHbI MOXKHO 
3anHcaTb B BULLE 


o" (t) — i* (t) a re a= T) z 


(4) 


rae pynkuusa i(t) B (3) 3aMeHeHa MOCAEMOBATEABHOCTbIO HMIY Ib- 
cop i*(f). Sto AoNycTHMO B CHAy TOTO, YTO NAOMab KaxKAOTO 
umnyabca i*(#) paBHa AMMCKpeTHOMY 3HaveHHIO CHrHaa i (¢), 
B3ATOMY AJA TOTO 2%Ke MOMCHTA BPeMCHH. 

Ypasnenuve (4) aHanorM4yHO AMHeEMHOMy Pa3HOCTHOMY ypaB- 
HEHHIO, KOTOPOe B OGULENPHHATHIX OOO3HAYCHHAX MOXKHO 3allH- 
CaTb B Bue 

by —Uy-4 
p= | (5) 


CoraacHo yoke paccMOTpeHHOM 9KBUBAaTeHTHOM CXeMe, AMCKpCT- 
HBle 3HAYeCHHA, BXOAMUHe B (5), 34MeCHAIOTCA MMMyJIbCaMH, KOTO- 
pbie MMeIOT BeAMYHHY MAoulaqH, paBHyl0 AMCKpeTHOMY 3Ha- 
yeHHIO. 
Ecau npeoO6pasosanua Jlanaaca WMnyJbCHBIX pyHKunit o* (t) 
u i*(t) cooTBeTcTBeHHO paBHb! O*(s) wu /*(s), TO npeo6paso- 
panue Jlanaaca o6Oeux uacteh (4) maeT 
—sT 
ors) = LOPE tt | (6) 
re MHOxKuTenb e~8? cooTBeTcTByeT 3anasquiBanuo T. Ilo onpe- 
nenenuio, NepenaTouHoh dyHkuveh W*(s) NporpaMMbl BbIMHC- 
JWTeCAbHOM MALUHHE! Ha3bBaeTCa OTHOWeHHe NpeoOpasoBaHHa 
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JIannaca BbIXOHOA @yHKuHH K npeoOpasosanuio Jlariaaca BXOJ- 
HOM cyHkuHu. Takum o6pazom, u3(6) HMeem 





+7) OS) 1—e-8? : 
W* (s) = Ps) = (7) 


Murepecuo MCCHEAOBATb TOUHOCTh 9STOH mnpHoaMKeHHO 
PopMy A AvdpepenwupoBaHua NO cpaBHeHHWO C TOUHBIM onepa- 
TOPOM ANMepenwupoBanna 7 


W(s)=s. (8) 





W(s)= 5s 
W%(s)=4(1-e°5) 
Q=2n/T 





Muumaa oc 







Rpueaan W(s} 





Kpueas W*(s) 


weer 2 Aeitcmeumesonan 
0 /T 2/T ee: 


Pur. 5. Cpapwenne uctuunolt omepauuu Anp- 
(epenyunpoBanna © ‘pasHOCTHOH onepayuelt 
|  BBINOJHACMOH WuppoRoH MaLinHolt. 


? 





Kpuspie, | coorsetcrsylouue W(s) x W*(s) mpu s= ju, 
NOKasaHbl Ha ur. 0, M3 paccMoTpeHHA KOTOpOn cpa3y cue- 
AYloT XOpoulo MsBecTHEIe qbakTbl. Kpusan W(s) copnanaert 
C MHHMOH OCbIO jw, B TO BpeMA Kak KpHBas W*(s), onpeze- 
AR€Mad ypaBHeHHem (1/7T)(1—e-S°T), ects, OKpy>xHocTb. IIpu 
9TOM, KaK BUAHO H3 Cur. O, Np BO3PacTaHHH YaCTOTHI OT w — 0 
20 w= 1/T=Q/2 Touxa, COOTBETCTBYIOLWAA STHM 4aCTOTAM, 
HIePEMELMaeTCA MO OKPYXKHOCTH MO 4YacoBOH crpeaKe. V3 pac- 
CMOTPeHHA KPHBEIX (Ur. D BHAHO, 4YTO MOKa YacToTa curHaaa 
i(¢) Mana mo| cpaBHenuio c yacroTott NpepbiBaHua, popmyaa (5) 
(AaeT XOPpOlly!o alpoKcuMaluio dbopMyaB TouHOrO Auddepeu- 
WWUpoBaHHa. 

(ia HyeBOH 4aCTOTHI, T. e. aaa calyuaa i (¢) = const, pas- 
HOCTHaA GopMy.ia coBnanaeT c Tounott opmynoh xnuddepen- 
uMpoBanna. TIpu moOnx Apyrux yacrorax Onepauua, BINOA- 
HACMaA BBIMMCAMTEABHOM MalMHOM, KaK NO aMNauTyne, Tak 


21 Sax. 2356, 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


322 | B. Jluneuan u Joe. Zaaoyep 


no case, OyMeT HECKOADKO OTKAOHATLCA OT HCTHHHOM OMepallvy 
nudpepenuUpoBanka, OHAKO- pH «OOO CKOPOCTH H3MCHeHHA 
i(t) “acTOTHHIA MeTO MO3BO/seT TOYHO OWCHHTb 9TH OWHOKH. 
Hanpumep, eCAH H3BeCTeH CMeKTp BXOAHOTO CHTHada, TO MOKET 
ObiTb HalieHa CpeaheKBadpaTH4unad OWHMOKa MpOrpaMMHl. 

WUutepecho ‘paccmoTpeTb, KaK B Mpolecce MpeleAbHOro 
nepexona (cM. dopmyay (3)) KpHBaa W* (s) MlepexOMuT B KpH- 
pyio W(s). Tlockomky npa 70 wenTp 4 paduyc OKpyx- 
HocTH KpuHBoh W*(jw)(cmM. cur. 5) cTpemaTca K OecKOHeuHOCTH 
Kak 1/T, TO ACHO, ITO 9TA OKPYXKHOCTh MpeBpallkaeTca B MpA- 
MylO JMHMIO, COBManalouly!0 C MHUMOM OCbIO. H3(7) serko 
nowy 4aem 
Lim W* (s) = lim Seas alte ACU ea = 
T>0 T->0 : 

= tim (s—5 s+ ...)=s= W (9). (9) 

T->0 

M3 paccmotpexua dur. 4, 6 H 2 BUAHO BAMAHMe Mpor- 
PaMMbI BBIUKCAHTeTbHOM MaIMHbI. Hanpumep, ecim paccmaTpH- 
BaTb MpeoOpasoBaHve CHrHaia BO BpeMeHH, TO AJA MmAoulann 
HMNyAbCa BLIXOMHOTO CHrHaa B MoMeHT 4 J uMeeM oe (4T) = 
-——-——0,4/T; melicrputenbHo, 43 copmyab (4) MbI MpH 3TOM 
nowy yaeM 

at (4T)— i (3T)J=—711,0—1,4]= — tg 

B yacrotHoh o6nactH onepanua AUudpepeHUHpOBaHHA CBO- 
AUTCA K YMHOXKEHMIO AMNANTY Ab BXOMNOrO CurHasa Ha | W" (jo) |. 
OrmeTHM, 4TO LHpoBad BbINHCANTebHad MalIMHa MpOH3SBOAUT 
meHicTBHA KaK Ha MO/e3HbIM CHTHaOM, Tak HW Ha BCeMH 
rapMOHHKaMH, MOCTYMaOUlMMH Ha BxXOM BMeCTe C MOe3HEIM 
curnaiom. Tlostomy mepegaTounan pyHKund W"(s), CooTBeTcT- 
pyloilad MporpamMe, HMeeT TOT Ke NepHvor jQ2, uTo Hu Tpeod- 
pasopanve Jlanaaca BxXOAHOM yHKUAH I* (s). TlepnwoauyHoctp 
I*(s) caeayeT 43 ypaBHeHua (2), a MepHOAHYHOCT. W*(s) — 
u3 ypaBHennsa (7), HOO eCAM yueCTb, ITO QT == 27, TO NOy4uHM 


e—(st+Jne) T e-in2Te-sT — est, (10) 


STOT pesyAbTaT MOXKHO ObINO MpeABUAeTb, NPHHAB BO BHHMa- 
Hue, TO CHrHa Ha BLIXOMe WHppoBoh MauIMHE, KaK MW CHTHAal 
Ha BXOJe, ABAAeTCA MHCKPeTHDIM H, CeOBATeAbHO, MOMDKCH 
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TakxKe HMeTbh MpeoOpasopanue Jlanaaca B Bune MepHomnyeckok 
yukunn. Ho ecau mpeo6pasosanua O*(s) u I*(s) apasorca 
NePHOAMYeECKHMH. (pyYHKWHAMH HW eCAH | 


O* (s) = W*(s) I*(s), | (1 t) 


TO, Kak OO MoKasaHO panbute, W*(s) Takxe AG@KHA OLITE 
NepHOAMyecKOH cbynkuneft. | | oo 


BuBoa 


Mpexkne yem nepefitu k AaMbHeAWeMy HCC1eOBaHHIO, NOAe3HO 
NOABeCTH HTOF TOMY, 4TO 6bI10 H310x%xKeHO. Jaa yacTHOrO pu- 
Mepa Mbl pPacCMOTpe/lM B YaCTOTHOM O6maCcTH CxeMy 9KBUBa- 
N€HTHOH wen (CM. ur. 3). Mbi nokaszaqu, uTo aaa cayyaa 
‘Korda. OnepalHu ABAMOTCA AMHeMHEIMH, UMppoBylo BRUHCAM- 
TeAbHY1O MalWHy H yCTpOficTBOo AA NpeoOpasoBanHua AHCKpet- 
HbIX JaHHEIX |B HEMPepbIBHble MOXKHO OXapaKTepHsoBaTE nepe- 
AaTOUHBIMH PyHKuMAMH. KpoMe Toro, MH TakxKe NOKasaqH, 4TO 
neficTBue ycTpohcTBa AAA NoayyeHua ACK PeTHBIX aHHEsx 
“@HaOrHyHO feHCTBHIO MOAyaTopa. Jina cBa3H H306paKenutt 
CHTHa/IOB Ha BXOMe WM BHIXOJe BCeH weny C1yeKat Clenylourne 
Ba ypaBHeHua: ee 


P(sy=—p DY) 1(s-+ 7k) — 
k=—oo | 
; | | 
| O(s)=H()WS)M(s), 2 


rae H(s)—hepenatownaa yuKuna ycrpohctsa aaa noayye- 
HHA HeNpePbBHOrO CHrHaa 43 AMCKPeTHOFO, KOTOpOe sBaReTCA 
cBoero pola) PuALTPOM HWKHHX YacTOT. Mm ucnonb30Baau 
SBOSMOUKY ANA TOTO, YTOOM OTMeTHTb, 4YTO hyHKunH W* (s) a 
I*(s) apamotca nepHomuyeckuMH C NepHOAOM, KpaTHBIM iQ. | 
/kia paccCMOTpeHHOrO HaMH, Npoctoro NpWMepa AaHHoe BbIe 
ONKCaHHe ABAReTCA HCUepMbIBalOUlMM. Ecaw wenb (Han coBO- 
KYMHOCTb 9€Me€HTOB), COOTBETCTBYIOLYIO CXeMe STOrO npumepa 
BKJIOUMTh B 3AMKHYTHIM = KOHTYp, H306paKeHHHIA. Ha our. 1, 
TO aHatH3 STOH CAO%KHOK CHCTeEMH MODKHO TIPOBECTH ME€TOOM 
H3/IOXKCHHBIM B paboTte [1]. BBeaenne UHpoBok BHIYHCAMTe Tb 
HOH MalUMHbI He CTaBHT HMKAKHX MPHHUMMMabHO HOBHX npo- 
O1em, HOO WHtpoBad MalllMHa ONUCHIBaeTCA nepeaTounon (pyHk- 
Wueh TOYHO Tak Ke, Kak H 060% Ob6n4HEH SIeEMCHT CHCTEMBI, 


21* 
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Onnako mosyueHHad W3 BblparkenHa (7) nepewaTouHad pyHKiMA 
LHpOBOK MaLIHHE, COOT3ETCTBYIOULAaA ompemzeteHHOoK mpo- 
rpaMMe, He ABAMeTCA PallMOHaIbHOA cbyHKWHel S,.KaK 9TO HMECT 
MeCTO [WIA OOBIMHBIX JMHeMHEIX cucTem. Tem He MeHee W* (s) 
aBaneTca pyikuveH OT S H AAA mo6oH vacTOTL! S== jo HMeeT 
BnowHe OflpemeneHHylo aMNMTyiy w asy. Ce lOBaTeIbHO, 
ananu3 Takoll CHCTeMBI He MpeAcTaBiseT 3aTpyAHeHUh. 

Tenepb ocTaeTcd OOOOWMTS pesybTaT, NOYUCHHBIA AAA 
Halero mpuMepa, Ha oOwIMh cayualt UMpPOBbIX BLIMHCAUTeAb- 
HBIX MaliHH. Kak yoKe yKa3blBa10Cb, monpoOHoe paccMoTpeHHe 
rakoro o6o6wleHuA OyaeT ChetaHO B CueAyiouleh paoote; 
glech oKe GyAYT MpMBeLeHb! AMWb HeKOTOPbIe MpeABapUTeb- 
Hble COOOpaxKeHHA MO YTOMY BONpocy. 


HpumMepHblii pacueT mporpaMMbl WH®poBoh MaLIHHbl 


IIpeanonoxKuM, YTO pasHOCcTHad opMyla Ain MOAyYeHHA 
nepBoh mpousBoqHoh, KoTOpas Oblla paccMOTpeHa B MpeJbl- 
AywemM MpMepe, ABIACTCA HELOCTATOUHO TouHol. Kakum o6pa- 
30M COCTaBUTb Oomee TOUHYIO MporpamMy UWMppoBon MalIMHbl ? 
KoueuHo, B YHCeHHOM aHatuse uMeeTCH MHOrO @opMya 148 
onepaunH AuiepenilMpOBaHHA, H MOIKHO 6b110 Obl, MpoaHa- 
NM3HpOBaB MX B YaCTOTHOM OOAACTH, NowqOOpaTb TaKylo H3 HHX, 
KoTOpad yROBAeTBOpAa Obl 34aHHbIM TpeOOBaHHAM TOUHOCTH. 

OnHakoO MBL NMOMbITaeMca NOAyUUTh MpHOAMKeHHYIO dop- 
Myy HeMmocpeACTBeHHO B YacTOTHOM O9AacTH, OCHOBbIBAACh 
Ha TeX MepBOHaYabHBIX CBEACHHAX, KOTOPLI€ MbI MOYAHH 
nmpw pasOope npeAblayulero MpuMepa. Xon paccyxmennh mosc-- 
HACTCH TeOMeTPHYeECKMMH NOCTPOeCHHAMH, MPHBeeHHBIMH Ha 
ur. 6. Ha our. 6, @ yroa @ ecTb cpasoBnifi yrou, COOT- 
peTcTByOUMMA cdyHKunu W"(s), paccMOTpeHHOH B MpeAblaynkem 
pwMepe Jd HeKOTOPOrO SHaveHHA YaCTOTH! Oy. OroT yro. 
no Mepe BO3paCTaHHa 4aCTOTbl yMeHbillaeTcA MO CpaBHCHHi0 
C (az0BbIM YIJIOM, COOTBETCTBYIOULMM HAeabHOMy CAY'AlO, 
paBHBIM fia BcexX yacToT 7/2. Ecau Obl Mbl MOTJM KaKUM-JAH6O 
cnoco6om HafitH MepemaTouHyio @yHKuUMIO, HMMeIOLWYyIO ca3sy 
x/2—a, TO NpH YMHOKeHMH 3TOM PyHKWMu Ha pyHkunw W*(s) 
MBI NOJyYHAH Obi NepewaTOUHyIO PYHKUMIO, HMCIOLLYIO HeOOxo- 
muMyW da3y. 

VispectHo, YTO TPeyrO/bHHK, BMMCaHHbIA B OKPyXKHOCTb H 
UMeIOUIHA «OHO CcBOef CTOpOHOH AMaMeTp, ABJACTCH MpAMO- 
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yrombubm. Orciona caeayer, 


uTo yroa B (cm. dur. 6, a) papex 
mt/2—-a. Ha 


ur. 6, 6 nokasana KpuBaa 


Wi(s)= R(1 +e**), (13) 


KoTOpad uMeeT dasoByit yroa B®. Takum o6pa3om, nepezatou- 
Haft PyHKUHA W* (s) Wi (s) OyteT Maa BCex YacTOT, mpenctaB- 
AMOUWMX HHTepec, UMeTb dha3y 7/2. Onnako MOXKHO NOoKa- 
3aTb [2], 4TO cCucTemMa c TaKott nepelaTouHoh dynkuvet 
ABAACTCA CUSHYECKH HeEOCyULeECTBUMOH, NOCKOJbKy B Hef Jaa 
NOWYYCHHA BbIXOMHOrO CHrHata B WaHHbl MOMeHT BDpeMeHH 
TpeOyeTca 3HaHMe BXOAHOFO CurHana JA OyAyULMX MOMCHTOB 
BPeMeHH, 4TO AA CUCTeM, PaOOTAIOWHX B PeabHOM BDeMeHH, 
ABJIACTCA HEBOSMO?KHbIM. 


Pusn4eckAad HEOCYULECTBUMOCTE Wi (s) cBasana C NOAOKHTEb~ 
HbIM MOKa3aT 
onepatTopa y 
MCIIOIb3OBaTb 


eneM 9KcnOHeHTH e°”, uTO COOTBETCTBYeT Cay4alo 
NpexKReHHA BO BpeMeHH. OgHakO ecan nonbiTaTEca 
BbIpanxkeHne 


W2(s)=k(1+e-*”), (14) 
9 


TO BMeCTO dazoBoro yraa 8 MbI MoayuMM yroa —3%. B 9ToM 
nerko yOeautbca, paccmatpusaa our. 6, 8. Jaa toro uro6u 
TeNnepb MOAYHHTh CyMMapHylO dasy, paBHylo 7/2 —=a-+-8, nam 
* 
HEOOXOAMMO yxKe He YMHOKUTb, a paseaUTD W*(s) Ha We(s). 
OTO NPHBOAMT K BLIpaxKeHHio —_ 
Ww" (s) 
Sd 
Ws (s) 


sT 


2 l1—e™ 


Tite et 





W3(s) == = (15) 


B dopmyate ( 
4YTOOLI = MmpH 


14) Kosdpunuent R BblOpan paBubim 4/, 249 Toro, 





Tach K S. 


Hetpyano 
(x/2). Samens 


KOTOpOe OTUN 


‘T—>QO nepenatounaa (pyHKuua Ws(s) CTpeMu- 


: * 
| MpOBepuTb, uTO Ws3(s) uMeeT ueanbHyWO dasy 
A S yepes jw, MbI MOAY4YHM BbIpaxKeHHe 


W5 (Jo) = jo [ SOP, (16) 


oT /2 
NaeTCa OT HeambHorO onepatopa snddepenuu- 


« 





poBanna 


W (jw) = jo (17) 


{ 
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326 B. Jluneura u Toe. 3aaoyep 


MHOKUTeTeEM B KBaapaTHBIX CKOOKaX. OTOT MHOKUTCIb Maer 
ouMOKy B aMMtuTy2e, HO HE BAMAeCT Ha (pasy. 


Im [w*(s)] 


Re [w%(s)] 





a) Kpueas WG) = 7 (1-e° 5) 


Im [w,*(s)] 












_ 8 
wae 
x Re {W,"(s) 
0 k 2k Iw] 
6) Kpueaa Wi(s)=k(+e**) 
Im [w,*(s)] 
K 2k * 
Re[w,*(s)] 
9” ~ : 
aa w=0 


6) Kpusaa W;%s)=k(I+ e °") 


® ur. 6. MlocaenopaTeAbHOCTh ONepayni AAA T0- 
. <QYYHHA HAeatbHOK asoBoH XapakTePHcTHKA 
byuKunn W*(s) Aaa cayyaa quppe penWApoBaHuA. 


Onnako B Hallly 34a2a4y He BXOAUT HCCAeOBAaHKe Ludde- 
penumaTopa, uMelollero MepemaTouHyi0 dbyHkumio Buna (15). 
Hac wnTepecyeT BONpOc O TOM, Kak MO%KHO peaH30BaTb Nepe- 
HaTOUKylO PyHKILHIO W,(s) B BHLe MporpaMMbl UAPpOBOh Ma- 
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9. Akanus cuctem, codepmwauux yuposrie mawuunor 327 


umn. Tlo™onpenerennio, 

Ws (s) = O*(s)/I* (8), 

_OTKYa uMeeM | 

(I + e-#7) OF (s) = (1 —e-#2) 7°(5), (18) 


e 


HJ | 
O* (s) == [I* (8) —I*(s) e-*T| — O* (5) es? (19) 


Tlepexoaa B ypaBHeHun (19) k opuruuaazam, NOJY4HM ypaB- 
HeHHe 


C= FI O—K¢—NI—o(t—7), (20) 


KOTOPOe ABARETCA AMHEHHEIM Pa3HOCTHHIM ypaBHeHHeM. Jo 
yPaBHeHHe MOXKHO peatH30BaTb MpH NoMOULH onmpeweeHHot 
BPeMEHHOH MpOrpaMMbl, TaK KaK BHXOAHOM cCHrHan B aHHpli 
MOMCHT BPeMCHH 34BHCHT TOAbKO OT 3Ha4eHHH BXOZHOrO H 
BHXOAHOrO CHIHaNOB B STOT HB NpeAuecTByioulMe eMy MO- 
MCHTbI BpeMeHH. Oxkas3bipaetca, 4TO aAMHefHaa mporpamma, coorT- 
BETCTBYWOllad | PasHOCTHOMY ypaBHeHHlo THNAa (20), BCerma uMeeT 
MepeqaTounyw cyHKinio, PalHOHabHy!O OTHOCHTebHO e7~8T, 
B 9TOM cocTouT PasHulla MexKy Mepekatounoh ynKkuneli 
UNPpoBoh MaWHHE UW mepezaTouok dyHkuweH aunefHoro 
PubTpa, KOTOpaa aBaseTca PalHOHabHOA dyHKuneh Nepemen- 
HOM s. MoxkxHo nposectu HHTepecnylo Napataenb MexKAY duab- 
TPaMH 218 WWCKPeTHBIX CHTHaNOB, OCHOBAHHEIMH Ha MpHMeHeHHH 
WUMPPOBLIX MAaIUMH, Hu QuAbTpaMH 19 HenpepLIBHEIX CHrHasOB. 
Ho Mex Ay 9THMH ABYMa THNaMH (PuAbTpPoB MMeeTCA HM CyuecTBeH- 
HOe pasauune, B CBASH C 4eM NPM. HCCaeROBaHUy MUCKPeTHBIX 
(HAbTPOB BO3HHKaeT pA HOBLIX nmpo6.em. 

ODMH 43 | BOSMOXKHEIX MeTOROB HCCACQOBaHHA CBOAUTCA 
K BBeeHHIO HOBOM KOMMAeKCHOR Ne€peMeHHOR 2 = e-sT y peuie- 
HHIO 38084 aHaIM3a H CHHTe3a MpHMeHUTeABHO- kK Py HKUHH 
MepeMeHHod 2, TpeOosanua, mpeabaBagemne K nepenzaTouHon 
@yHKWMH Kak (byHKuHH N€PeMeHHOM S, MOXKHO BLIPasHTb NpH- 
MCHHUTCbHO K HOBOM MepemMeHHOM z Hu OOpaTHoO. Ecau MCKpetT- 
HBA ubTp He ABAReTCA YaCTbIO CHCTeMH Cc HeMpepbiBHBIM 
CurHaOM,. TO BCe pacuerbl MOryT NpPOBOAMTBCA B MAOCKOCTH z 
Oe3 Nepexowa K mpexkHe# mepemeHHoA s. Takott NOAXOM paHee 
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328 B. Jluneuaa u Jl. Sanoyep 


HCHOAb3OBaICA B MCUMCCHHM KOHeUHBIX pasHocTeH, Kak Mpi 
IpHMeHEHHH ONepaTOPHEIX METONOB, Tak HM IPH nlp 4MeHeHHH 
MeTOHOB TeOpHH PYHKIUHA KOMMAeKCHOTO nepeMeHHOrO. 

Ecau 2uckpeTubih (PUIbTp ABARETCA YACTbIO COXKHOM CHCTEMBI 
C HeMpepEIBHBIM CHPHaOM, TO HeOOXOAMMO YCTAHOBUTb Mepe- 
MCHHHIe, KOTOpble ABAAIOTCA OOWIMMH Kak JA AMCKpeTHOTO 
(bubTpa, Tak HW Waa YaCTH CHCTeMbI C HeMPepbIBHBIM CHrHasioM. 
TakuMH TepeMeHHBIMM ABAAIOTCA BpeMA ¢ H KOMITIeKCHaA Mepe- 
MeHHas S'). 

B nacrosule pa6oTe Ha OCHOBaHHM yKa3aHHbIXx BBILIC coo06- 
paxeHui Oblia BbIOpana O6acTb KOMMAeKCHOM MepeMeHHON S. 
Ocraerca 3amaua paccMOTpeHHA MeTOAOB aHaIM3a H CHHTe3a 
RMCKpeTHHX uAbTpOB B YacTOTHOH oOnacTH. Oxas3plBaeTca, 
UTO MHOTHe pe3ybTaTbl Teopuu weteH HM PasTHYHble MeTOABl 
TeOpHu CwleAWIMx CHCTeM MOFyT ObITh MCMOAb30BaHBI HH 
paclipocTpaHeHbl Ha Cayyah AUCKpeTHbIX cburbTpos. Ilocae Toro 
KaK BBeLeHO MOHATHe MepenaTOUHOH GyHKWMn dusuuecku Ocy- 
uleCTBUMOH TporpaMMb! wWudpoBOM BLINMCAMTebHOM MaUIMHbL, 
MOABAAETCA BO3MOMKHOCTb HMCNOAb3OBaTb TAaKHe NOHATHH, Kak 
aMIINTy Had WH casoBad XapakTepHCTHKH, KpPHuTepHH ycTokun- 
BOCTH H CMeKTp OWHWOKH, YacTOTHbIe HU Jlorapudmnyeckue 
XapaKTepHCTHKH, HMMIMyJbCHad Nepexolnad @yHKUMA HW pad Apy- 
rux. OTH Bonpoch! GyMyT paccMOTpeHb! B CiledyouleH cTaTbe. 


’ AUTEPATYPA 
1. Linvill W. K, Trans. AIEE, Part II, 70, 1779 (19091). 
29 Salzer L. M,, ,Treatment of Digital Control Systems and 
Numerical processes in the Frequency Domain“, JlucceptTalia, 
Mass. Inst. Technol., p. 148, 1951. | 
3. Teopua caenmmux cuctem nog peg. X. Jiaxeimca, H. Huxoupca i 


P. @unaunca, U3anateipcTBO MHOCTpaHHOH <AMTepaTy pH, 1953, 
ra. V. 





1) B yeiicTBHTeAbHOCTH NMePeMCHHY!IO 2 TaKKE MOMXKHO MC01b30- 
paTb [3] B KayecTBe OCHOBHOH nepeMeHHOH B TOM CJlyuae, Kora 
B CHCTEMe HMCIOTCAH OMHOBPeCMeEHHO yuaCcTKH C AMCKPCTHBIM M HEMPe- 
PbIBHBIM CHrHatoM. Takoe mpHOaMxKeHHe AONYCTHMO TOKO Torga, 


KOraa WIMpHHa CneKTpa CHTHata HaMHOTO MCHbIMe MOAOBHHDI YaCTOTbl 
mpepbipaHia curHada 2/2. 
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10. YACTOTHbDIA AHAJIN3 LM®POBbIX BbIYHCAMTEJbHBIX 
, MAIUHH, PABOTAIOWIHX B PEAJbHOM BPEMEHH 1) 


Hoe. M. 3aasyep 


Bpenenue 


B npeabiayiet cratbe [1]?) 6nimm Hameuenst MeToaBI ana- 
1M34 CHCT€M aBTOMATHYeCKOrO peryaMpoBaHua, B KOTOpBIX 
HHPOPMaL\WA| B KaKOH-TO TOUKe npeoOpasyetca B ANCKpeTHyI0 
dopmy. Brito oTMeyeHo, uTo nocTaTOUHO ObicTponeficTByoulan 

' WHpoBad BYMCHMTebHad MalIMHa MOTaa OBI CcOBepWaTb one- 
PpallWH Ha | AMCKPeTHBIMH JaHHbIMH HM YTO Jaa HCCeEOBaHHA 
STHX OMepalHA BbIYMCAHTebHOM MalHHbI B Cly4Yae 4X JHHefl-. 
HOCTH MOXKHO MPHMCHHTb YaCTOTHBIM aHanu3. B cratpe bn 
paccMOTpeH | NMpHMep Mpoctoro uHcAeHHOrO AUudepenwupo- 
BaHHas. 

B Hactosiueh cTaTbe menaeTca nonpiTKa pacnpoctTpanuts 
NaCTOTHBIA MeTOA Ha aHa¥3 MporpaMM wwposyx BEYHCAH- 
TEbHEIX MaUIMH. EcaM He CYHTATb AOKNaQOB, 3a4HTAHHHIX Ha 
konepenunax B 1951 wu 1952 rr. [2, 3], sta cratba aBaneTca 
nepBok oOnyOsvKoBaHHOH paboToH, o6o6mawweli pe3sybTaTHI 
HCCNEROBAHHH, MPOBORMBUIMXCH B TeYeHHe HeCKOMBKUX AeT [4]. 
PaOota Obla BbINOTHeHa, UCXOAA 43 HeEOOXOANMOCTH aHasu3a 
CHCTEM ABTOMATHYECKOrO peryaAHpOBaHHA, COMepxKaUNX Kak 
WupoBble, Tak HM HeMpepwIBHEIe 9eMeHTH. OcHoBnag Web 
MCCICMOBAHHA COCTOAAa B TOM, YTOOLI NMOKa3aTb, uTO sMHeltHaa 
MNpOrpaMMa B Pe€abHOM BPeMeHH MOXKET ObITh ONHCaHAa pa3- 
HOCTHBIM YPaBHeHHeM, MpeoOpasopanne kOTOpOroO sAaeT nepe- 
aTouHyi0 @yHKUMIO, XapakTepusyioulylo pa6oty uudposoro 
BBINHCAHTEAbHOTO - ycTpotictBa. Ludposyio BBIUHMCAHTeJIbHY 10 
MallMHy C €¢ MpOrpaMMOH MO%KHO paCCMaTPMBaTb Kak MHAbTp 
(AMCKpeTHBIM| durzbTp), KOTOPbIK MO2KHO dHaIH3HPOBaTb IIpH 
OMOUL@! WaCTOTHOFO MeTOMa Tak xe, Kak OObIUNBIe (Hempe- 
PbIBHble) PHALTDHI. 


t) Salzer J. M., Proc. IRE, 42, Ne 2, 457—466 (1954). 
) CM. mpeabiayutyo ctaTbwo cOopnuka. — [7pum. ped, 


F 
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$30 Jin. 3aaoyep 


ee 


IIpumep 


PaccMOTpuM CHOBa TIpHMep, MNpHBeNeHHBIH B Npelbilyiler 
ctatbe [1]. Baok-cxema na cbur. 1, a@ mpeacTaBaaeT OHY U3 
pala CHCTeM aBTOMATHYCCKOTO peryIMpOBaHHA, YIpaB/lAeMbIx 
LLMppoBOH MaWHHOM, HAM OWH W3 KaHaOB CO%KHOM CHCTeMHI, 
WIM Ke MpocTy!lO CHCTeMy, 118 KOTOpOM MpHMeHeHHe cmelMa/u- 
3HpOBaHHOH WupoBoh MalMHbI MOx*KeT ObITh ONPaBlaHo. 








Ipeo6pasovameau 
NCAPEPUIGHoIA 
GHHWA G 


Apeobpazosamenv 
duck pemuoix 
Oannoir 


Burxodunow 
cuzHaa 











Brodnoit 
cuzsnaa + 












Uugpposan 
OIMUCALMEALHOA 
MoWwuHa 


Outudna Odvianoit 



























duckpemuose 
u xodupyrouses 
ycmpolcmso 


6 HENPEPviGuule 
u dexodupyrnuee 
yempoucaraa 


peayasinop 









a 


Hemodyauposannan 
nocaedocamesvuocnit 
uMnyALGOG 


Burxodnoadi 
GUZNOA 





















. Bxoduoii 


cuenan + Qunomp 


duexpemtix 
CuizHaA0e 










Peeyanmop 


Cancynusanuyud 
ess 


®@ur. 1. SKBuBaNeHTHOe MPeACTaBAeCHHe NMpocTOH CHCTEMbI aBTOMATH- 
YeCKOrO =peryaHpOBaHHA, BKMOYAIOWeH WupPpoByio BbIYHCAMTCAbHY!0 
MallHHY. 


Ha Bxome HW BbIXONe WUPPOBOM MaLIMHbI DaHHble MOJDKHbI 
nompepraTeca npeoOpasospannod. BxodHoe ycTpOHcTBO BLINOAHAeCT 
ape byHKuMu: a) MpeoOpasyeT HeMpepbiBHble PUsHYeCKHe BedH- 
UHH! B UMppoBble (HanpuMep, HaNpmkKeHHe — B ABOMYHOE UHCI); 
6) nmpeoOpasyeT HeNmpepbIBHy!0 PyHKUMIO B NOC MOBaTeAbHOCTb 
AMCKpeTHBIX JaHHbix. TlepBpl mpoiwecc BBOAMT CTaTHCTHYeCKHe 
OwMOKH raaBHbIM OOpa30M 3-34 ,KBaHTOBaHHA* CHTHaAa, 
KOTOpHle MOryT ObITh NpOaHatM3sHpoOBaHbl TaK %Ke, kak WH Apy- 
rue wiyMoBble odpdektH. Bropof mpowecc — mpeBpallenue He- 
MpepbIBHOTO CHFHada B MOCICAOBATeAbHOCTh AHCKPeTHBIX 3Ha- 
ueHu— BauaeT Ha MAMHaMMyeCKHe XapaKTePHCTHKH CHCTEMBI 
HW UaACTO SABAACTCA OCHOBHBIM coOOpakKeHveM, MrpaloulHM POJb 
pH M3y4eHHH 34MKHYTBIX CHcTeM. B HacTONeH cTaTbe pac- 
CMaTPHBaeTCA B OCHOBHOM HM€HHO 3TOT BTOPOM aCMeKT CHCTEeM, 
BK JOUAIOWMX UWNpOBblIe HW HEMPePbIBHbIe 9/IeMeHTHI. 

B 9KBuBaweHTHOM cxeme Ha qbur. 1,6 mpl mpeHeOperaem 
adeKTOM ,KBaHTOBaHHA“ M AMCKpeTHBle 3sHadeHva yHKUMA 
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10. Yactornoit anaaus yudpoewx BblLUUCAUTeEAbHOIX Mauiun 331 


SaMCHAeM HMIMNYJIbCaMH, HMCIOWIHMH COOTBeETCTBEHHMe NOAH. 
ITO SKBHBaeHTHOe MpelcraBsenve, KOTOPoe 6HI0 PaccmoTpeHo 
B NpeAbiayweh cratbe [1], o3HayaeT, uToO onepaius, BHNOA- 
HACMAA BHYMCAHMTCLHOM MalMHOM, MOXKeT paCCMaTPHBATbCA Kak 
onepallua Had MOCAEAOBATCABHOCTHIO MMNYAbCOB, HMEIOWUMX m0- 
Uland, paBHble MEMCTBUTCAbHEIM AHCKPeTHbIM UHMCJIOBLIM 3HaYeHHAM. 
ITO B3aHMHO ONHOSHAYHOE COOTBETCTBHe MexKAY MMMYybCaMH 
H AMCKPCTHHIMH JaHHbIMH COXpaHAeTCA Kak B XOe BHYNCHeHHH, 
Tak H B KOHEYHOM pe3yabTaTe. Bul6op Takoro npeacTaBreHua 
NOSBOARET MPHMEHHTb YaCTOTHBIM aHaAWs M NpHcnocobuTD ero 
K MCTONAM,| yXKe HCNOAb3yeMbIM Jaa aHatH3a AHCKpeTHEIX 
cuctem [5, 6]. i 


Moctranoska’ 3aya4un 


B AaabHehwem Mbl OyeM paccMaTpuBaTbh TOAbKO TY 4acTh 
CHCTEMBI, KOTOPaA COOTBeTCTByeT WuppoBo ‘BEIUvCAUTeABHOH 


tle | ®, 
—@ Yel 
@ 


tj 


3-1 @ 


== = Oj. ® 
e —e 


—_—+——_}___+__» ¢ ——-—}--_—_}.__ = ? 
Borwucaumesonos 
Bxod gyempoacmso ~ Borxod 


a ! 





Pur. 2. Mpegctasaenue sxogquoi_[u Berxoqnoli MOC AOBa- 
| . T€AbHOCTeH CHIHalOB. 


@— QUCKpeTHNe AaHHbIe; 6 — uMNYyAbCH. 


MalluHe H ee nporpaMMe. Bpedem caenywulMe npeanoaoxKenua 
KOTOPbIe BeCbMa He3HadMTeAbHO CyKMBalOT OOAACTh NPHMeHeHHA 
MeTOMa: a) DaHHble ABAMIOTCA AMCKPeTHHIMH H NOCTyMaiwT c no- 
CTOAHHOH CKOPOCTbWO, T. e. Bpema T MEKAY NOCAeAOBaTe ALHLIMU 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


332 An. 3anoyep 


A 


JMCKpeTHbIMH 3HAaYCHHAMH ABAACTCA MOCTOAHHEIM; 6) Bpems 
galepo%KKH 3-38 MpOWeccoB’ BBIUMC/IeHHA PaBHO Hyio WA 
He3HaYMTeAbHO (3TO NpeANomOwKeHHe YaCTO ONpaBAbiBacTCA 
Ha [pakTHKe; B [PpOTHBHOM C/lyyae STO BpeMA MOKET ObITb 
yuTeHO Mp aHatuse); B) BLIUMCAMTebHad MaWMHa yCTaHaBAMBaeT 
B34HMHO OJHOSHAYHOe COOTBETCTBHE MEXKDY BXOAHOM HW BHIXO- 
HOt BeIMUMHaMH; Pf) BLIYHCAMTeAbHad Ma@UlWHa BbINOJHAeT AMHER- 
HbIe OllepallMH, OMpeAeneHHble HWKE; 1) BLIUMCAMTeAbHaA MalMHa 
paOoTaeT B peabHOM BPeMCHH, HMCNOAb3YA TOAbKO MpOUl yo 
WAM HACTOSLy!IO HH*POpMaLuio. 

B pesyabTate 9THX OrpaHHueHHh MBI HMeeM DeaO C 3anaueh, 
wamoctpupyemof dur. 2,a. Bxogupie HM BEIXOAHbIe CHTHaJIbI 
BLIUHCAHTCAbHOH MallHHbl ABJIAIOTCA MNCKpeTHOM NocseOBa- 
TeMbHOCTbIO Yncen. Jina nosyYeHHA BbIXOAHOTO AMCKpeT- 
HOFO 3HAaYeCHHA Oy JA MAaHHOTO MOMCHTA BPeMECHH BEINHCAMTCAbHAA 
MaWWHHa MOKeT HCMOMb3OBaTb BXOMHOe AMCKpeTHOe 3HaueHHe 1; 
If. MAHHOrO MOMeHTAa HM OrpaHHeHHoOe YHCO BXOMHbIX H BBI- 
XOQHBIX JMCKPeTHBIX MaHHbIX 3a npemmectByIolulwe MOMEHTHI 
BpeMeHv. TakHM OOpa30m: 


Opa Aglj + Alyy.» + Oméy_m— 9195-1 — ++ - — bn 05 n= 
’ Mm 


n 
==) ayij_~— Di 0n0j_-n (A) 
k=0 k=1 


re a, u b,— nocrosuuple *). 

Samenaa KaxksOe MUCKpeTHOe 3Ha4eHHe HMMyJbCOM C COOT- 
BeTCTBYOUleH MAOUWladbIO HW OG6O3HaYaH MOCMeELOBATeAbHOCTH 
MMIly IbCOB COOTBETCTBEHHO Hepes i* (t) uo” (£), MbI MOKKEM 3aNHCaTb 
ypaBHenne (1) B Bude 


mH nr 


o* (£) == 2 al” (t — kT) — 2 5,0" (t{— kT). (2) 


MatematTuyueckve Onepawun Buna (1) wan (2) BnomHe nol- 
XOMAT A WHPOBON BEIYMCAMTEABHOK MaulHHbl, Ce 3ANOMHHAIOUICEe 
YCTPOHCTBO NO3BOAACT BBOAMTb MPpOH3BO/bHEIC HNeaIbHble 3a- 
WepxKKH HW 3aMOMHHAaTb NMOCTOAHHBIE, a ce apndMeTHYueCcKoe 
yCTpOMCTBO — BBIMOJHATh QeACTBUA YMHOKCHHA MH COKCHHA. 





1) JImneiinpit aHanu3 MOXKeT ObITb “pacnpoctpaHeH H Ha Cayuai, 
KOrda a, H by ABAMIOTCA (YHKUMAMM BPCMECHH, HO 9TOT BOMPOC BbIXO- 
WMT 3a PaMKH JaHHOH CTaTbH. 
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10. Yacrorrxod ananuzs yudposdix ebiaucauteroniike matuun 333 


Nepezatownaa dyHkuua H Nporpamma 


Mepenarounaa yHKuuaA curLTpa Moxer G6niTb onpelejena 
KaK OTHOWeHHe mpeoOpasopanuk Jlanaaca Bbxona u BxOoMa 
cucTeMHl. Ecau oOo3Hauutb yepes /*(s) u O*(s) npeo6pasosa- 
Hua BeanunH i*(¢) u o*(¢) cooTBeTCTBeHHO, TO 3 (2) nowy 4aem 


™m nt 
Of (s) = >) age"*°7* (s) — B b,e7* 08 (s). (3) 

k=0 k=1 

Orcioga nofy4aem nepenatounyo cbyHKuuio 
™ 
| —-kTs 
| aye e 
W*(s) =?" S) _ 2 4 tae 4+... +ane eh 
| I*(s) t+ > bye Te Lae bye 48 4s ae 
k=1 


Iipu ykasaHHbix OrpaHWuenHusx ypasHenue (1) coorBeTcrBo- 
BalO HavOomee OOuleh BO3MOXKHOM MporpamMe, H 9TO NipHBe.10 
Hac K MepefaTouHoOA dyHKuun Buaa (4). Kpome toro, nepexoaa 
K OpHrHHaaM, MOKHO us (4) cHoBa noayunte (1). Orcwna 
cnenyeT, 4MO AuKeuHAA NpozpamMa 8B peaAbHOM BpemeHU 
Moncem OlmMb PeaAuz0BAaHA B MOM U MOALKO 6B MOM cay4ae, 
ecAu ee€ nepedamo4rnan ynKyuA moscem Oumo npedcmas- 
nena & Ghopme (4) (Teopema peaansyemocrn). 

B TO BpeMA Kak NepezaTouHad cbyHKuua MOJCJIMPylOWero 
(HenpepbIBHOrO) dubTpa saBasetca PauwwOHatbHOA dynkunett 
OT S, AAA WHdpoBoro (AMCKPeTHOTO) cusbTpa OHA pallMOHasbHa 
OTHOCHTebHO e-78, PacnpocrpaneHue o6stuHOrTO uacToTHorO 
MeTONa Ha AMCKpeTHbie PHAbTPbI HMeeT OoOMbWIOe 3HayeHHe MpH 
MCCICMOBaHHH CMeLIaHHbIX CHCTeM. 


'Orpaww4enne nosoce nponycKanua 


Ecau HempepsipHpif curHaa mpeoOpasyetca B AMCKpeTHyO 
opmy, TO HHPopMallHA O NOCTyMaIOUMX MAHHEIX, BOOOUIE ro- 
BOpa, TepAeTCA, TAK Kak Yepe3s AHCKPeTHbIe TOUKH MOXKHO Mpose- 
CTH OOAbUWe OLHOH HeNpeppIBHOA KPHBOH. O2HaKO MOXKHO ycTaHo- 
BUTb OOHO3HA4HOE COOMBEmcmBuUeE MeHCOY Hen pe pPUsBHOK K puso 
u ee OuckKpemHod opmok, ecau noaoca nponyckanugn gop- 
Mupyouwe20| yCmpoticmea O2panurena novocsuxHok uacmomu 
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nosmopenun OuckpemHwux cuenanos, usu '/, T 24 (Teopema 
O JHCKpeTHOM MpeacTaBAeHHH BO BpemeHH) [7,8]?*). 

JlefictBuTebHO, Mp CKOPOCTH Mpepbipanua, MpeBbliuawoueh 
9TOT Mpelet, MOKHO BOCCTAHOBUTb CHIHa TOAbKO 3a CUueT 
3HaNMTeAbHOH BpeMeHHOH SasepoxKKH. B pa30MKHyTOM CucTeme, 
HampuMep B CHCTeMe 3ByKOMepezau, AONYCTHMbl BpeMeHHBle 
galepxKKH Ha HECKOJbKO MepHOOB HavOOMbiwel YaCTOTb! CHrHaqa, 
OMHaKO B 3aMKHYTOM cCHCTeMe 3afepxKKa axe B Mpeqenax 
yactu nepvona (10 wan 20°) MOmwkeT OKa3aTbCA KPHTHYECKON. 
B cucTemMax aBTOMaTHY¥eCKOrO peryAHPOBaHHA, BepOATHO, MN0- 
TpeOyetca, TOO! yacTOTa MpepbipaHuaA mo KpahHeH Mepe 
Bp 5 pa3 npesbiiliata HaHOOAbUlyO YacTOTy CurHata. Hecmorpa 
Ha TO, UTO TeEOPeMa O AHCKPeTHOM MpeAcTaBJeHHM yCTaHaBAHBaeT 
BEPXHM Mpeea, OHA He LOMKHA PacCMaTPHBAaTbCA Kak pabouee 
MmpaBHO Jd MUCKpeTHbIX CHCTeM aBTOMAaTHYeCKOrO peryAu- 
poOBaHHa. 

OrpaHwyeHHe MOMOCH! MpONyCKaHHA UMNYJAbCOB 34BMCHT OT 
BLIVHCAMTeEbHOR MAlUMHbI B WeOM, TAK Kak e€ BLIXOAHOH CHrHall 
HMeceT TaKy!O Ke AMCKpeTHY!O opMy, Kak MW CHIHad Ha BxXOle. 
UroOb MOKa3aTb 3TO, OTMETHM Ba CBOficTBa cbyHkunH W*(s)— 
CONPAKeHHYIO CHMMeTPHIO M Me€PHOAMYHOCTb. og 

Tak Kak Kaxabiii unten gynkuun W*(s) Buna a,e 78 
ofaalaeT COMps.KeHHOK CHMMeTPHeH, T. eC. 


e AT tio) 9 *T (cogeTw--jsinkTo), - (5) 


TO 3TO cBOficTBO OyHeT npucyule u Bcelt dyHKuMH. OTCIONa 
clenyeT, uTO ecan W*(s) u3BReCTHA AAA MOAOMKMTCAbHEIX Deh- 
CTBHTC/IbHBIX 3HAYeCHHA YaCTOTHI, TO OHA H3BECTHA H DAA OTPH- 
WaTeJbHbIX. 

Kpome_ Toro, e-kTs fepwonmmuHa B 4acTOTHOM oOsacTH 
C uHTepBasiom noBTopeHud fQ == j22/T. NeticrBuTesbuo, 


a kT (8-1 Jim) = q dkmTe ,—kPs = eg dkmex,-kTs _ p hte 


(6) 
CnenopatembHo, W*(s) uMeeT Ty Ke MCPHOAHYHOCTb; OHA 
NOAHOCTbIO ONpedeeHa, CCIM H3BECTHA B MOAOCe NMOCKOCTH S, 
OrpaHwueHHOM AByMA MpsMbIMd + f/Q/2. OnHako no cooopaxe- 
HHAM CHMMETPHH OHA CONCHA OblMb UZBECMHA MOAGKO 6B NOAOCE 





1) Teopema cpopMyaupospana B. A. Kotreabuukosbim B 1933 r. 
(Koteabuukos B.A. Matepnaabl K 1-my Bcecow3Homy cbe3qy 
lO BOMpocaM peKoHCTpyKunn cBasu, 1933). — /Tpum. peo. 
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om 0 00 +- jQ/2, cooTBercTayiomel Tomy xe npederay nonocu 
MPONYCKAKUA, KOTOPHA yCTaHaBMBaeTCA TeOpeMOt O JUCKperT- 
HOM NpeAcTapjennu. Hanpumep, mporpaMMa B cTporom cMBICae 
C10Ba He. MOMKET HMCTb XAPAKTEPUCTHKH PUAbTpa HHKHUX YaCTOT. 
[IporpamMMa | craaxkKupanuAa uMeer XaPaKTePHCTHKH (udbTpa— 
HU3KUX YacTOT B npegenax or 0 no Q/2 pad/cex, tT. e. ona 
uMeeT NMOMOCY NpOnycKanuA, pacnorowKeHHyi0 BOAM3H Hy AeBOn 
uacTOTHI. CaeqoBateabHo, oHa GyeT MMeTb MOMOCHI nponycka- 
HHA TaKKe. H MPH YacTOTax, KpaTHHX Q. Oru Gonee BulcoKue 
WaCTOTH MOFYT ObITb Cpe3aHbl HEMpepLIBHEIMH PusbTpamu. 

IIpW wciOb30BaHHH B CHCTeMe WUMdposoh BEIYMCANTeAbHOM 
MallMHbl = HaHOO/bulad BO3MOxKHAA 9dbexTuBnag 1) ckopoctTb 
(POPMHPOBaHHA AMCKPeTHOrO curHada paBbna CKOPOCTH, C KOTOpOH 
MalMHa MOMKET MPOHSBOAUTh TpedyeMble BLIYHCAUTeAbHBIE onepa- 
UHH. Takum) 06pa30M, MOKHO CKa3aTb, YTO bosee CKOpocTHaa 
MpOrpaMMa BbIYMCAMTeJbHOH MaLIHHb! COOTBeETCTByeT Oorbuek 
nonoce MponyckaHHa. CKopocTb nporpaMMH 3aBHCUT oT He- 
CKOJIBKUX akTopos: CKOPOCTH OTJCAbHOrO akTa CyeTa (CKOpocTH 
NOBTOPeHHA MMIMYIbCOB), OrM4yeCKOM CXxXeMBI, KONA HHCTPyKuHh, 
cnocoOa BhIUMCeHHH Hu sdpdekTHBHOCTH KOQMpOBaHHa. Balyncan- 
TeMbHad padoTa 4acTO MOxKeT-ObITb ynpouleHa cocTaBaeHnem 
TaKOH MporpaMMbl, KOTOpaA OGecneuuBaeT AVL MMHMMAaAbHO 
AONYCTHMY!0O |TOUHOCTh. Bawanc Mex ay craTHcTM4eCcKHMH (oKpyr- 
qeHHe) H AMHAaMM4YeCKMMH (OTCeKaHHe) OWMOKaMH [9,10] sacayxu- 
BaeT TaKOrO Ke BHAMAHMA, Kak MH MPH NpoeKTupoBaHHH HelpeppB- 
HBIX O10KOB. IIpuroguocTb BEYMCAMTeAbHOrO ycTpoticrsa aA 
PeCuleHHA KOHKPeTHOR 3aa4uH. peryaMpoBaHua onpenenaerca 
yYKa3aHHBIMH BbIIMe COObpaxeHHAMH. 


AMMlantyga, dasa u aMILIWTY 1HO-daz0Baa 
XapakTepHcTuka 


Ecau Mbt B (4) 3aMeHUM $ H& Jw, TO NOAYYAM MepewaTouHylo 
PYHKWHIO W*(jo) mporpammer B PYHKUHH efcTBHTeABHLX 
actor. B Hawem cayyae W*(jw) umeer rot xe dusnuecknh 
CMBIC/, KaK HW B HEMpepbIBHOM Bapuante. CuHycouaqbHaa BXOAHAK 
NOCACHOBATEbHOCTh CHTrHasa Cc yraoBoh yuactToTot , (W, < Q/2) 





1) Mpx6op, npeo6pasyounit sxogquoit CHrHad, MOKET HMETb CBOIO 
coOcTBeHHYi0 CKOpocTh npepiisanua CHrHaIOB, KOTOpad OOYHO mpe- 
BbIMaeT CKOPOCTE BLIUHCAeCHHH. DhdextuByan CKOPOCTh PopMuposanun 
“ANCKPCTHHIX CHIHaOB COBMaqaeT CO cKOpocTDN, ¢ KOTOPOH mnpor- 


PaMMa HCNOAb3yeT BxOAHYO HHopMauHnw. 
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mae’ Ha BbIXONe CHCTeMbI, yMpaBAaemMoh mporpamMMoh W* (jv), 
CHHYCOWMabHYyIO MOCAeCAOBATEbHOCTh TOM Ke CaMOM 4aCTOTH, 
HO C aMMAMTYAOH, yBeau4eHHOH B | W*(jo)| pas, uw asol, 
CUBMHyTOA Ha yrou arg W* (jw). JLokasaTetbcTBo NodyuaeTcs 
aBTOMaTHYeCKH U3 ypaBHeHHs (4). OTMeTHM AMIb, YTO BXOAHBIC 
H BHIXODHbIe PYHKUMA ABAAIOTCA DACKPeTHbIMH (UMILY IbCHBIMH) 
H colepxKaT B BOMoMHeHMe K YacTOTe “w, TaKKe YaCTOTHI 
+- yk @, Hw, 228 aT. A. TOM Ke MHTCHCHBHOCTH. 


nveanveanveae 


-Q ~0/2 0 ()/2 0 3802 22 
a) Amnaumyda 





6) Paza 


Pur. 3. Bo3sMOXKHbIE YWACTOTHbIC XAPAKTePHCTHKH 
TIporpaMMbI. 


Ha cur. 3 noka3aHbl BOSMOKHbIC XAPaKTCPUCTHKH MPOrPaMMel. 
Amuautyna sBasetcad veTHOH, a cbasa— HeueTHOA (pyHKuueh 
YACTOTHI BCeMCTBHe CONpAxKeHHOM cuMMeTpHu, HM OOe KpHBbIe 
nepHonuyHE c nepHonom @ pad/cex. 

Amnautyaubie WK tasoBble XapakTepMcTHKH MOryT ObITb 
OOLCAMHEHB! B OAHY MoAApHyio0 KpuBylo (rosorpad), KOTOPy!o | 
Ha3bIBalOT AMIAMTY 1HO-casoBolt XapakTepucTHKOn. Ona MOKET 
6bITh LOBOAbHO ObICTPO MOCTpoOeHa, KaK 9TO MOKA3aHO Ha dur. 4. 
Ha qur. 4,@ us06paxkena amMmauTyJHO-pasopaa XapakTepucruka 
dyHKuuu e~7%, y KOTOpOM amMmauTy 4a paBHa 1,a dasa —Tw. 
Ha rpaduke u300paxeH TObKO yuacTOK KpuBOH AA uae ior 
0<w<@/2; pacnpocrpanuB ero Ha o0/acTb Q/2<H <Q, 
Mbl TMOJY4YHM 34MKHYTYIO OKPYXKHOCTb, KOTOpAad B TasIbHeHUeM 
6yeT MOBTOPATECA. AmnantynHo-casopble =XapakTepuCTHKH, 
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| pia decade a pur. 4, coorsercrByiot MHOrOueHaM BTOpon 
ee de - [Ipamep noctpoenus, ocHoBaHHoro Ha MpvHunne 
TOPOB, NOKa3aH Ha cur. 4,6 

; a = 

== 9/12 (oT — 309. | ee a an ae 

ec NOCTPOCHHA aMIMTYAHO-dba3zoBoh XapakTepucTuKH 

YAOOHO NOMb30BaTbCA CAeRYIOWMMH MpaBi.aMH, MIpvBOAHMBIMH 
3N€Cb O€3 DOKaszaTe/bcTBa 1); 








Ww = 0/2 


6) 1+086° + o3@-2% 





W= 9/2  w=0 w = 9/2 w=0 








8) 1 +087 ~2Ts 
0G "+ 0,4e 2) 1408677. 05 e@7 218 


p 
ur.|4, ITpocrnre NPHMCPH aMMIMTY RHO-ba3z0BHx 
XapaKTepHcTHK mMporpamMbl. 


1) amnautyaHo-¢ 
“a3z0Bad XapaktTepucrukKa . : 
KaxKNOTO wHTepBana Q: Pp p NOBTOpsetca aaa 


; | 
Pr Doser pi COMPA KEHHOK CHMMeTpHeH OTHOCHTe€JIbHO 
= 2» nee o=0 4 w= Q/2 OHa MepecekaeT NeAcTBHTesbHyi0 
i, A TIPAMBIM yruiom (pur. 4, a, 6 2) wan KacaeTca ee (pur. 4, 8); 
Ps pee ee aMNHMTYAHO-Pas0Baa XapakTepucruka 
AeACTBHTebHYO Och (m— 1) uau (n — 1) 
os (B 3aBuCHMOCTH OT Toro, Kakoe W3 9TMX 4NCen Gorbule) 
poMexytTKe 0 << w < Q/2 (HcKo4aa ero KOHU5I). 








') Hoxasateaserso cm. [3], crp. 75, 76 1 265-267. 


292 3ax. 2356, 
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IporpaMMbl ynpexleHnA 


[laa waAmocTpauuMuM u310%KeHHOrO MeTOAa pacCMOTpHM K.lac- 
cMueCcKve (POPMYVIbI DJIA BLIMHCeHAA YIPOKACHHA. Tipeanoa0KuM, 
uTO WHpoBad BLINMCAMTeAbHad MallMHa IpHMeHAeTCA AA Mmpel- 
cKagaHHa OnwxKafiulel BEAMUHHI BXOMHOrO AMCKPETHOrO CHrHaJla; 
B HleawbHOM cay4ae 3alaua COCTOUT B pellicHull pas3HOcTHOrO 
y paBHeHHA 


o* (t) =i" (t+ 7). (7) 
IIpeoOpasopanue Jlanaaca 9TOrO ypaBHeHHa naeT mepelaTouHylo 
(bYHKWHIO MporpaMMbl 

O* (s) 
W*(s) = = = e™ 8 
KOTOpaA He MpHBOAMTCA K dbopme (A). 

Knaccuueckue (popMybl 9KCTPaMOAAWMH, OCHOBaHHBIC Ha 

aNpOKCHM@WMH MHOPOWTeHaMH, WaloT NpHOAWKeHHOe MpeAcKasa- 


Hue HCKOMOM BeaMuMHE. IIpeo6pasosanua Jlanaaca Aa YeTbIpex 
nipocTeMuMx BbIpaxcHHh OyAyT HMeTb BUA 


Wo(s)= 1, 
W*(s) = 2—e-7, 9 
W5(s) = 3 — Se-Ts- e8-2%, (9) 


W; (s) — Aine 6e~ 7s + 4e-2Ts __ e—3Ts : 


laa WHTepMpeTalun STUX BLIPAKeHUH 34MCHUM Wi (s) yepes — 
O* (s)/I), (8), YMHOKUM Ha I* (s) HW BbIMOAHUM o6paTHoe mpe- 
o6pasopanue Jlanaca; B pesybTaTe Mbl NOyYHM ypaBHeHHA 

ot (=i), 

* ok oR 

oF (ft) = 2H (t)—i (t—T), (10) 

0, (t) = 3f° (f)— 3° (t —T)-+ i ¢— 27), 

o* (t) == 4i* (t) — 68 (f — fF) +. 4i* (¢ — 2T) — i* (t— 37). 

B KaxKMOM M3 9THX YPaBHeHHA BLIXOMHbIe WMCKpeTHbIe AaHn- 
HEIe OMpeweAMOTCAH TOAbKO Yepes BXOMHEe, T. €. MpeAbAYIee 
yipexkaeHHe He MpHHMMaeTCA BO BHUMaHMe MPH onpeneeHHu 


nocJeAyromuero. STO ABAAeTCH Pe3y/JIbTATOM TOrO, U4TO 3Ha- 


MeHaTesb Bcex W* (s) B (9) paseH ls 
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AMMANTY LHO-cba3zo0BHe XaPaKTePUCTHKH, COOTBeTCTBy1OULHe 
opmyzam |(9), noKa3aHp Ha pur. 5. Jlerko sBugeth, uto 
aripOKCHMallMa YjyuluaeTca C BO3pacTaHHeM NopaykKa opmy.1nl. 
PakTHYeCKH) XapaKTepHCTHKA MOKHO CpaBHHBaTb TO/bKO npH 
HUSKHX 'aCTOTax; mpu w =O Bce OHM ABAMIOTCA HOeaTbHEIMH. 
IIpH BO3pacTaHHH ‘w KDHBBIe OTKAOHSOTCA OT Wea bHOH. 
MokKHO 3a4M¢THTb, YTO TPH BCeX 3HAYeHHAX HaCTOTH aMILIMTY DHO- 
(asoBble XapakTepMCTHKH OCTaIOTCA BHe CQHHHYHOrO Kpyra, 





Pat hws) W,"(s) 





Pur. 5. Cpapyenue aMILIHTYTHO-a30BWNX Xapak- 
TCPHCTHK SKCTPaNOAAUMOHHHIX POpMya c u_earb- 
HOM XapaKTepuctuKoii.. 


COOTBETCTBYIOINCrO HeabHOH XapakTepucTukKe; 93To yKa3biBaer 
Ha TO, YTO XApaKTEPUCTHKH MOFyT ObITb YAYUWeHb! LAA CheKTpoB 
OnpeMeNeHHBIX CHrHaos 4), | 

Uro6bl ¢paBHuTb 9TH (POpMy.tbl pH BEICOKHX yacToTax, 
paccmoTpum |cayyah, korga w = @/2 pad/cex. Jlerxo mMOKa3aTb, 


ae +1 
uTo W?, ({Q/2) = 2™** —1, 7. e. npu stot uacrote yCHeHHe 


ObICTpO pacter c pocTom Nopalka m ynpexnenua. Tostomy 
IPH MPHMeHeHHH G6Ovlee CAOKHOH opMyjb ynpexnenua nog- 
NePKUBaIOTCA| WYMbl, BKOUaA WyMbl KBaHTOBaHHA HK OKpyr- 
JCHHA. | 

Kak H B) HelpepbiBHom Cjlyuae, pelwleHve 3anaun CBORUTCA 
K KOMMpOMH¢Cy MexKAY XOpOWlMM ynpexaeHuem u XOPOWHM 
Cr laoKHBaHHeM. , 





1) MoxHO |noKa3atb, TO 9TH POPMY bl ABAAIOTCH ONTHM4JbHEIMH 
B CMBICN€ CPCAHCKBaApaTHYHOH OWMOKA MOABKO ANA CHTHana Cc IM pH- 
HOH MOAOCH, CTpemaujelica K Hys0 Ha HYAeBOH YaCTOTe, YTO xapaK- 
TEPH3yeT TPHBHabHbIA Cayuait. | 





22* 
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KommsiekcHand NepeMeHHad 3afepXKKH. 
HeorpaHH4eHHbie BecoBble NOCeAOBATCABHOCTH 


(ius AanbHehmero uenecoo6pa3HO BBECTH HOBY!O NepemMeH- 
HylO Z, Onpeweisemy!0 COOTHOMMEHHEM 
rt ae (11) 


Takan 3aMeHa He CBOAHTCA TOAbKO K M3MeHeHMIO OOOsHaTeHHA. 
Bo-nepBbix, Z— KOMMeKCHasl pyHKUMA KOMILICKCHOA mepeMeHHOH S$ 
HM MpuMeHeHHe KOHcopMHOrO OTOOpaxKeHHA mockocTeAh O6eHx 
MepeMeHHBIX MO3BOTMT TayOxke W3YYHTb nporpaMMbl WHdppoBbix 





a) flaocxocms §$ 6) Maocxocmn Z — 


® ur. 6. Konpopmuoe oTo6paxenne paso MOAyMAOCKOCTH, 


BRIUMCIMTCIbHBIX MA@lIHH WM AMCKpeTHLIX PyHKunA. Bo-BTOpbIx, 
nmepeMeHHOH Z MOXKHO MNpHNNCcaTb onpeweseHHbI cbusnueckuh 
CMBICJI. | 

Ha ur. 4,@ moka3aHo, YTO MHHMad OCb MAOCKOCTH S 
ABACTCA KOHQOPMHbIM OTOOparKeHHeM eNHHHYHOK OKPy2XKHOCTH 
MAMOCKOCTH Z, a MpaBasd MOAOBHHA MIOCKOCTH $ COOTBETCTBYCT 
n1oulaa BHYTpH 9TOM OKpyxKHOCTH. OTMETHM, YTO Ha MAOCKOCTH Zz 
OKPYKHOCT OGXOAMTCA OHH pas MAA KaxKAOTO unTepBaa j2, 
KOTOPLIM MPOXOAMTCA Ha MAOCKOCTH S. Uto6ut HalitH KOHPOpMHOe 
oToOpaxkeHHe OzpaniueHnod “acTH mpaBoh MOAyMAOCKOCTH S, 
RoctaTOuHO OTOOpasHTh KOHTYp NoaAyOeckoHedHOR = NoAOChI 
naockoctu s (ur. 6, a). Momyuennoe oToOpaxkenue Ha cur. 6, 6 
uckmouaeT TOUKY 2== 0 Ha 2-NOCKOCTH. 

B KauectBe BToporo mpuMepa KOHopMHOro OTOOpaxkeHHA pac- 
CMOTPHM BO3MO2KHOC pacnoJOKeHne MOMOCOB HM Hye WAdpo- 
Boro duabTpa (WK AHCKpeTHOH dbyHKumn). KapTuxa Hyleh 
4 NOAIOCOB B MMOCKOCTH S$ MOBTOpAeTCA C HHTEPBaOM NOBTO- 
penna f/@ (ur. 7, a), HO MMeeT eMHCTBCHHOS KOHOpMHOe 
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oTOOpaxkenHe B MaocKkoctu z (cur. 7, 6). Stam u oObacuaerca, 
MOYEMY UCHOAb3OBaHHe MOCKOCTH Z AA QMCKpeTHHX PyHKuHA 
H @HbTPOB 4acTO sABAReTcA GOonee ‘npemnouTHTerbHEIM. JLaa 
CMCIUAHHBIX) CHCTeM, ONHCHBaeMbIX PallHOH@IbHIMH yHKUHAMH 
KaK OT S,|TaK M OT Z, TOAbKO NepeMeHHaA S HMeET ONpere- 
AeCHHBIA cMbICI. B Takux cayyaax TakxKe HCNOAb30BaqH nepe- 
MeHHy!0 Z [11,6], Ho 3aKOHHOCTD TaKoti alMpOKCHM@llHW NOKHA 
GulTb O6OCHOBAaHa. : 








Q) NMaocxocme s 6) Maocnocme z 


Pur.|7. Konfopmuoe oTo6paxenue yactn IWOCKOCTH, 
COAePKalleH HYAH HW MOMOCHI. — 


TlepemeHHyl0 Z MOXKHO paccMaTpuBaTb TaKxKe Kak onepa- 
TOP, TaK KaK YMHOKeHWe Ha 2 COOTBETCTBYeT 3agepxKKe Ha T' 
BO BpeMeHHOR O6.s1acTu !). JToT pasHoOcTHEI ONepaTop aHasorHyeHn. 
nudepenunaabHOMy onepatopy-p nan D. Ecam PaCCMaTPHBaTb 
STH ONepaTOpbl Kak KOMHACKCHBIC NepeMeHHble, TO NOABAAeTCH 
BO3MOXKHOCTh WHPOKHX OOO6ueHHH. 

Mepematounaa dynkuua (4) nporpammil B Z-TIpeACTaBJeHHH 
OyMeT HMeTH BUD 

We (p) = FE) ot ae tat  pame™ yoy 
I*(2) © 1+ bye + b92?9 +... + by2 * 

1) B autepatype taxo# onepatop (E, p nau 2) o6H4HO onpege- 
AA€TCA Kak lONepaTop onepexenua BO BpeMeHH UM COOTBeETCTBYeT 
Hawiemy 1/z.,B peanbHom BpeMeHH onepexenne saBaaetca Hepeauu- 
SyemoH onepaynel. Ognako takoh puGop Benet kK ynpoujennay 
B MATCMATHYCCKOM aHaqH3e. | a 
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OTKy 1a 
(1b 2+ ...b,27) O* = (ay faye... a_z™) (2). (13) 
Uncauterb BbipaxkeHua (12) MO%KHO pacCMaTpHBaTb Kak BeCOBy!O 
MOCENOBATCbHOCTb, OTHOCALILYIOCA K BXOXHOMY CHIrHaly, 
4 3HAMCHATCIb OTHOCHTCA K BBIXOJHbIM JMCKPeCTHBIM aHHbiM. 
KonewHy0 BeCOBYIO MOCeMOBATebHOCTb, OTHOCALLY10CA 
K MIpeAbINYUMM BLIXOJHEIM CHTHasaM, BCer a MOXKHO MpeACTaBUTb 
B Bue GecKOHeYHOH BeCOBOM NOCeHOBATebHOCTH, OTHOCAILLEHCA 
TOJbKO K BXOJHBIM JHCKPeTHEIM JaHHBIM; HampuMep, eCAH © 


I 


W" (2) =; (14) 
TO 
O* (z) = 1* (z) + 6z0* (2), (15) 
HIM 
O* (z) = I* (z) + bz/* (z) + 02270" (2). (16) 
TIpomomkan 9TOT Mpolecc, NOAyYMM 
O*(z) =(1-+ bz-+ 0222+...) (2), (17) 
uTO aeT . 
_ OFZ) _ 2 y2 18 
WE a aay Oe a SG ( ) 
STO BbIPaKeHHe MOKHO MpAMO MOAYUMTh pa3sOxKeHHeM B pA 
u3 (14). 


Jlepuucon (cm. [12]) paccmotpe1 mpo6Osemy ONTHMM3alLNH 
AMCKpeTHEIX QHAbTPOB, HCNOJb3yA HeOrpaHHyeHHy!O BecoBylO 
NOCAeHOBATCAbHOCTb, OTHOCALLYIOCA TOJbKO K BXOJHBIM AMCKpeT- 
HEIM JlaHHbiM. B mpakTHyecKoM CJlyyae TaKan MocAeOBaTeb~ 
HOCTb ABJAeTCA OFpaHWyeHHOH HM COOTBeETCTByeT MepeaTOUHOH 
cbyHKiMu B cbopMe MHOrO‘teHa, NpeAcTaBasiouleh cobok uacTHBIh 
cayuah pauwMonambHot dbynkuun (12). 


WntTerpuHpopanne 


Ecamu nepesatounaa dyHkuua (12) umMeeT 3HaMeHaTeJb, TO 
ee MOXKHO NyTeM WevleHs MpeACTaBUTb B Bue HeOrpaHneHHok 
BecOBOM MOCeqOBaTebHOCTH. TakuM OOpa30M, 3HaMeHaTeJb 
yKasbipaeT Ha HeorpaHwuenHylo (4erO OOBINHO HeJIb3A MOCTHUb) 
MaMATb CHCTeMbI. POPMYVJIbI MHTCrPHPOBaHUA ABIAIOTCA XOPOLIMM 
MpwMepoM MoToMy, YTQ NaMATh WeabHOrQ HHTerpaTopa Hes 
orpanuyena, 
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Tak Kak MepenaTouHad GyHKWMA UeatbHOTO MHTerpaTopa 
pasa l/s, 4TO, O4YeBHAHO, He CooTBeTCTByeT opme (4), To 
MporpaMMa TOMAbKO allpoOKCHMHpyeT 9Ty BeanynHy. Muterpan 
OT HeMpepHBHOM KpHBOH, T. e. NOW adb MOM Hef, MOKeT ObITb 
allpOKCHMHpOBaH MmpaAMOyrodbHNKaMH (dur. 8, a). Tlnowanp 





I(t) i*(t) 


T/2 








t-2T t-T ¢t 








f 
fw W,* (J oo} 
q) Bp omen (udeGnononi ae ou 
odnacmo aayvaut) 


6) Amnaumyduo-pasocewe 
xapauiepucmuky 







F cosec 


“~” 








Ww 2 
(udeaaonviii cayyail) 
! Ww 
0 - Q 
6) Amnaumyda 2) Cdsue das 
Pur. 8 XapakTepucruky npw anpokcumayuu Mpa- 


MOYTOJbHHKaMH. 


KaxK LOTO HOBOTO MIpAMOYFOJbHHKa OOaBaReTCA K yoKe HaKOMJeH- 
HOH naouann, Takum o6pasom, uHTerpaa o*(¢) Bbiuncasetca 
C NOMOLIbI0| BLIPAKeHHA 


o*()=Ti*(t)+o°¢—T), (19) 

KOTOpoe oNpenedneT NepeaTOHHy!o yHKWMIO NporpamMMbl Buda 
O* (2) ' arn | 

Wo(z) = TQ) ise" (20) 





Kax u npeamonarasocb, sHaMeHaren> We) « OTAWNEH OF Ay 


' nee 
sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


344 Flo. 3ansyep 


NMoactapaaa z2==e-78 w 3amMenaa s== jw, nonyuaem 
a ] T ‘ To 
Wo io) = ane = 5 (1 Sete >). (21) 
IlonyyenHad OTCIOa aMMAWTyAHO-cpa3z0Bad xXapakTepucTuKa 
cpapHuBaetca Ha dur. 8,6 c ugeanbuyoh. Ha our. 8,6 u 2 
CPaBHHBaloTCA COOTBETCTBYIOWMe AMMAHTYRHbIe WH asoBbie xXa- 
pakTepucTHKH. Ecau cmekTp BXOMHOrO CHIrHadla U3BeCTeH, TO 
MOMHO ONpelewHTh CpeAHeKBapaTHuHy!O OWMOKY WHTCrpupo- 
BaHHa. 
HeckowbKo 60abuIyiO OWHOKy, Kak MOKa3bipaeT cur. 9, a, 
WlaeT TaK Ha3bIBaeMaAd HMHTEPNOAALMOHHAaA *opMysa Tpaneuuh. 
OSTOMY CAyualO COOTBeETCTBYeT Pa3HOCTHOe ypaBHeHHe 


o*(f)=(T/2)[*O+7(t(—TI+o0°¢—T) (22) 


H MmepewaTouHad PyHKWUA 





Wi@)—=>5 725, . (23) 


|—z 

oTKy a | : 
., jae ag ee 

Wi (jo) = — —T* —__ = ~ (— jet a) 24 

Ora cases al S (24) 

Cpapunpas Bbipakenua (21) u (24), nonyuaem, 4TO nocaenHAA 

aMNAMTYIHO-asonad XapakTepWCTHKA CABHHYTA BJeBO Ha BeJIN- 





Yor (udeanovas} 





Q/2 
6) Amraumyda 


Q) Bpemexnnan obsacme 


Pur. 9. XapakTepucTuKH MpH anpoKcuma- 
HH TpamlelHAMu. 


yunHy 7/2 uw MOITOMY COBMaLaeT C XApaKTeEPUCTHKOA HeatbHOrO 
uHTerpaTopa. CnenopaTebHO, MeTOA TpaneuM MaeT Takylo Ke 
(basy, KaK MW B HeabHOM Cayuae, HO MMCeT aMIMVINTYRHble Xapak- 
TEPHCTHKH, OTIM4AaIOWIMeCA OT HLeatbHEIX. B 9TOM ero HeZOCTAa- 
TOK (cur. 9, 6). 

TakuM OOpa30M, OKa3bIBaeTCA, YTO CbopMya HHTerpupoBa- 
HWA, Maioulad rpyOoe mpHOwwxKeHHe BO BpeMeHHOM oOnacTH, 
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mee Hileaabuyio dasy. [pyre Kaaccwueckwe mpasuaa uuTe- 
rpHPOBaHHA| TaKKE HMEIOT HealbHbe azopble xXapakrepuctuku 
B OObMHDIX| AHana3oHaXx YacrToT 1), | 

C yyetom stToro noanoe CpaBHeHHe pa3JM4HBIX MeTOOB — 
MOKHO CledaTb NO aMNAUTY HIM XaPpaKTePpHCTHKaM, NOKa3aHHHM 
Ha ur. 10. ur, 10 MNOATBEPKMaeT HeKOTOPble H3BeCTHIe 


flpasuso 3 
Cumncona’/g 














0 2/12 QO/6 0/4 22/6 § 0/12 2/2 w 
Z 30° 60° go° 120° 15G° 180°wT 








Pur. 10, Cpapyenue PopMya npH6awKenHoro HHTer pupoBaHnua 
© HACAIbHBIM CIYYaeM MO aMMAHTY JHBIM, Xa paKTepucTuKam. 





CBOACTBa 9THX MeTOROB: MpeBocxoAcTBO nmpaBulla ,ORHOM Tpe- 
Tbeh“ Cumncowa Han ero xe Gomee cHOxKHEIM MpaBusOM ,Tpex 
‘BOCEMBIX", BHICOKYIO TOYHOCTh npaBuaa Yonnaa (40 onpenesnen- 
HOM yacToTH). Hs dur. 10 moxHo HOAYYHTh H Apyrue pesyab- 
TaTH, KOTOPHE OOMMHO HeCyllecTBeHHH! pH 4YHCACHHX pacue- 
TaX, HO BaKHbI MpH CHHTese cucTeM. Hanpumep, npasuao 
TpanenuH Maer MoO cpaBHeHHId cQ BCeMH APYTHMH MeTOAaMH 


1) Cm. [3], ctp, 233-234, 
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CaMBIe: HeTOUHBIE pe3syIbTAaTbl MPH HH3KUX YacTOTAaX, HO MPU 
BBICOKHX “wacTOTaX OHO ycTyNMaeT TOAbKO NMpaBuly ,ORHOH Tpe- 
Tbe Cumicona. OnHako dakTHyecKkH e€rO MOIKHO npeANOuecTb 
npasuaty CHMmcoHa He TOJbKO B CHIY ero MpOcTOTb, HO H 
NOTOMY, TO eFO aMMUTyAHaA XapaKTepHCTHKa 3aTyXaeT Ha 
BLICOKHX YacToTax, HeliTpaMsyA BAMAHHe LWYyMa. 

PaccMoTpHM aHasu3 OWMOOK Ha MIpuMepe. Ilyctb CMHyCOH- 
ambHoe KoeOaHHe C YacTOTOH % pad/cex wuTerpupyetca 
C HCMOJb30BaHHeM WeCcTH MUCKPeCTHbIX 3HaueHHK B KaKIOM 
nepvone. Onpeyeaum omu6Ky B OMpeweseHHu aMMAUTY Ab. Mpu 
W)== 2/6 van wT = 60° (cM. dur. 10). owm6KkH TAaKOBbI: IA 
pasa mTpaneuntt —9,3°/,, WA mpaBuza ,O0HOK TpeTbeh” 
Cumncona +-0,779/,, aa mpapita ,Tpex BOCbMHIX* Cumm- 
cona + 1,12°/), maa mpapuaa Yonunaa — 0,25°/). 

Hwxke mad cnpaBok MpuBeneHbl pasndHble mepedaTounble 
yHKWMH, COOTBETCTBYIOUIMe PacCMOTPCHHDIM npaBusaM. 

IIpapuo ,OmHOM TpeTbei” Cummcoua: 





= Tit Az + 24 
Was 7 -Tow (25) 
TIpapusto ,TpeX BOCbMBIX" Cummcoua: 
* 37 1+3 32? 8 
Wise. | (26) 


Mpapuno Yaanas: 
ase 3T 1 + 5z-+ 22-+ 623-+ 24 + 525 -+ 28 
a ae te 
Wa(2) = 79 [— 26 
__ 3 1 + 6z + 622 + 623 -} 24 (27) 
—~ 10 f.2-2—2——* 


—_—w 
—_—— 


YcTOH4HBOCThb 


CrenyeT MMeTb B BHUy, TO LUHppOBy!O BLINHCHTeAbHYy!0 
MallMHy C OmmpeweJieHHOn mporpamMMoi calelyeT paccCMaTPHBaTb 
Kak aKTUBHBIM, a He Kak maccMBHBI PubTp. Bonpoc 06 ycToh- 
UWBOCTH WJM CXOMMMOCTH BCera BaKeH MPH YHCACHHOM aHaJlise, 
a B TipHmoxKeHHM K CHCTeEMaM pery/IHPOBaHHA OH CTaHOBHTCA 
pellalolluM. | 

YcTOHYMBOCTh MpOrpaMMbl MOXKET M3y4aTbCcA C McM0.ib30Ba- 
Hem MepeMeHHEIX S HAM 2. B MmOCKOCTH MepeMeHHOM S ycTOH- 
HUBOCTh ONpeweqaeTca NO OTCYTCTBHIO MoocoB B NpaBok Noy- 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


10. Yactorneiit anaaus yudpossix. BOLLUCAUTeAbHOIX Mawun 347 


NAOCKOCTH H KPaTHBIX MOMOCOB Ha MHUMOM OCH. Yucautenb W*(s) 
OrpaHuyeH Mp KOHeHOM Ss, TaK KaK OH ABMAeTCA WeTOM PyHK- 


une. Jima) MOKasaTenbcTBa OTMeTHM, TO BeaMMnHa kero 
4JI€Ha 

| a,e-*%s | —_ | a,e- kT (e+ jo) | cites | a,¢e~*Pe) (28) 
orpanuyena \Ia BCeX OrpaHMyeHHbIx sHayenuft o. Tostomy He- 


OOXOJHMO HCCHENOBATh TOMbKO HyAM sHamenaTesa. 
Suamenateab W*(s) B (4) paBen 


Q(s)= 1+ bye- M4 2, +b,e-nP, 


Ecau dyhkuda Q*(s) uMeeT nya» B npaBott NOY MAOCKOCTH, 
TO OHA HMeeT HYJb Take HM B 3alITPHXOBAHHOH mosoce na 
pur. 6,a@, Tak Kak Q*(s) aBaserca nepHonnyeckoh yukunet. 


(29) 


Ecau Tako 


Hylb HMCeTCA, TO KOHTYP B MaOcKocTH Q*, KOH- 


OpMHO OTOOpaxaiouu KoHTyp’ ABCD ua (pur. 6, a, oxBaTh- 


BaeT Ha4yaso0 
KOHTyp A (aM 
uaa Q*(s)), T 


KOOPAHHaT. OHaKO MOCTATOUHO HaHeECTH TOAbKO 
NAUTY MHO-PazoBad XapakTepHCTHKa, COOTBETCTBYI0- 
ak kak Bu D seerga copmalawt wa mocKocru Q" 


NepHOMMYHOCTH), a C maeT 6ecKoHedHO MaJIy10 
OKPyXHOCTb OkO0 | (He 3aTParMBas OKpecTHOCTH Ha4yaua KOOp- 
AuHaT). CreqopaTerbHo, eCAM YMCaMTerb M 3HaMeHaTerR W’* (s) 
He HMEIOT OOWMX HyeH, TO OLA ycmanossenun ycmotuusocmu 
peaausyemow npozpamme Oocmamouno onpedenrums, oxsamut- 
saem AL AMNAUM YOHO-Ga3z0san xapakmepucmuxa, coomeem- 
cMBYIOWAR 3HAaMeHAaMeLI, HALALO KOOpdunam. 

OueHb 4acTO jocTaTOUHO rpy6oro Ha6pocka KpuBoh Q*, 
YTOOL! OMpeweaUTh ycrofunsocth. O6 oTHocuTerbHOtt ycTrohun- 

_ BOCTH OOBINHO NPHHATO CyAUTb NO BeAMUMHE OTKAOHeHUA KpHBOK 
OT Havana KOOpAuHaT. Yactota, cooTBeTcTByioulad GrWKatuett 
K Hawaqy KOOpAMHaT TOUKe KPHBOM, YaCTO OaM3Ka K pe3soHaHc- 
HOH uacToTe mporpammbl. Ha ¢bur. 11 mpuseneno HecKkombKo 
MpOCTbIX MPHMepOB KpHBbIX Q* uw WaHbl 3akmO4ueHHA 06 ycrou- 
YHBOCTH. | 

YcTOHYMBOCTh MOXKeT oOnpedeaATbCA TakKxKe Ha nMaocKoctTy 
nepeMeHHOH 2. MB sToM cayyae AAA uCCAeROBaHNA ycTohuu- 
BOCTH OCTATOWHO /paCCMOTpeTh TOAbKO pacnonoxKenne Hysett 
SHaMeHateqa (MepeqarounoA dynKuun Q*(z)), Tak Kak npapaa 

NOAYMAOCKOCTb MepeMeHHOM s OTOOpaxkaetca B Kpyr eMHHYHOrO 

paAvyca Ha WAOCKOCTH 2, TO O4R- yemodyusocmu npoepaunb 


(BCTeACTBHeE 





| 
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KOpHu ypasHenua Q*(zZ)=0 OOAIHE Combs NpocmblMu u No 
QOCOAIOMHOU bBeNULIUHE He MeHoUe COUNLYD. 

Takum o6pa30M, Jia aHamu3a yCTOMYMBOCTH HeOOXOAHMO 
HalitH KOpHH ypaBHenua Q*(z)==0. Xora npH NomoulM Ovjn- 
H2fiHoro mpeoOpasosanna [13] Hw NpHMeHeHHA KPHTepHeB Payca 










ee Pe : 
Baer — QyX(s)=1-1,26773 


a) Yomotiuucoe 6) Heycmotiuusoe 
cocmonnue COGMOSHUB 


ZT 





UN, 






Qo'(s)=1-e7 "8 
Koy -Tsy2 
Qq (s)=(t-e ) 
6) Yomotiuueoe 2) Heycmouuusoe 
COGMOAHUE cocmosHue 


@ur. 11. pumenenue Konpopmuoro oTobpaxeHua 
K H3y4eHHIO YCTOHYHBOCTH. 


uu Typpuua MOxKHO onpenenuTb aOcomoTHy!0 yCTOHNHBOCTD, 
9TOT METOI He MO3BOAAeCT HAXOAUTb OTHOCHTC/bHY!O YCTOHYMBOCTD. 
Tlone3HO Tako%Ke paCCMOTPeTb YyCTOHYMBOCTb BO BPpeMeHHOM 
o6aactu. Ecan W*(z) = 1/Q*(z), To aaa cayuaes our. 11, a, 6 
MW 8 MbI MOyYaeM | 
O* (2) 1 

W(2=S > =n Tz: 30 
=F =e (30) 

CootseTcTByioulee PasHOCTHOe ypaBHeHHe HMeecT BUA | 


o* (t) = i* (ft) + bo" (t—T). (31) 
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Ecam paccmaTpupatb /*(t) Kak eAMHMYHEIM AOcTaTOUHO Manuf 
uMnyabc 8, qeAcTByWWWA B MOMEHT MpeppiBaHHA curHaaa, 
TO o*(t) Takxke OyneT pasHo 5; BTOpoft BEIXOAHOR MMNYJIbc yxKe 
OyaeT pape 68, caenyioulh 3a Hum 623 ut. A. Ouesuauo, 
NTO ecaH b> 1, TO BEIXOAHbIC HMNYABCHI NOCTeNeHHO BO3pa.TaioT, 
1TO COOTBETCTByeT HeyCTOM4MBOCTH. Tak Kak KOpHeM Q(z) = 0 
aBaseTcA 1/0, TO ykasaHHLIt Bue KpHTeputt ycTounpocrTu 
NOATBEpKAaerca. 


Judoepennuposanne 


_ B kauecrpe uamoctpalun onpeneaenna ycoBpuh ycrofun- 
BOCTH MOMKHO PaCCMOTPeTb 4nCeHHOe AuddepenuMpoBanue. Tak 


. ‘ 
fLnocxocme Q flaocKocme z 










Q) Q*(z)=1+ 4242? 


flaockocmp z 


flaocnocmo Q* 





Tpoiinoill nontoc 
8 mouKe ~{ 


Z 
, Mhocuocme Q* 6) Q*(z) =1+32+32* 23 flaockocme z 


"e, 





8) Q{z)=1+ $z+ 627623424 


Pur. 12. Joxazarerperso H€yYCTOHYHBOCTH , TOUHbIX* nporpamMM 
: Aude pexynpospanua. 


KaK MepedavouHad yHKUMA HAeanbHOoro ANpdepenunatopa 
papa Ss, T./€. aBeTCA OOpaTHOA BeAHYHHOM nepenaTouHos 
PyHKWHM WAearbHOro HHTerpatopa, TO O“eBUAHO, ¥TO BbIPaoKeHHa, 
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pre 


o6paTHbie dopMyamM uwHTerpuposaHHa (20), (23), (25)—(27), 
LOWKHbI COOTBETCTBOBATb MporpaMMaM AMddepeniMpoBaHua”. 

Ha ocHoBaHwu npeAbiayuleh cratbu [1] 1erKoO NOKa3aTb, TO 
TOMbKO ABe NepBbie W3 NATH OOpaTHBIX NporpamM OyAyT ycToH- 
UMBbI, TaK Kak MepBad W3 HAX MMeCT MOCTOAHHDIM 3HaMeHaTe.Ib, 
a BTOpad —npocToh momoc npu z=—l. 

[Iposepka ycTOHYHBOCTH NporpaMM OCTAJbHBIX Tpex lud- 
(epeHuMaTOpos MpoBeweHa MeTOLOM KOHOpMHOrO oTOOpaxKeHuA 
M M3y4CHMA PacNOJOKeHHA MOMOCOB Ha NAOCKOCTH & (pur. 12). 
Mbi pacCMOTpHM TOJbKO TepBblh U3 HHX, H300paxKeHHbIK Ha 
pur. 12, a. OGnmHO HeT HaXOOHOCTH BbINCPYMBaTb BCIO AaMIVVIH- 
TYMHO-casoByio XapakTepHCTHKy, TaK KaK JePrKO BbIMMC/IHTb 
TOUKH ee MepeceyeHua C MeMCTBUTeAbHOM OCbIO. IIpu uactotax 
w =: 0 u @/2 z= 1 uw sHamenatemb 1 +-4z-4 2° paBeH B 9THX 
TOUKAX COOTBETCTBEHHO -++-6 H — 2; MPOTHBONOAOKHbIC 3HAKH YKa- 
gLIBalOT, YTO HavaAO KOOPAUHAT OXBATHIBAeTCA AMNAMTY AHO-a30- 
BOM XapakTepucTukoh. PaccMaTpwBaa KOHTYP Ha MIOCKOCTH 2, 
Mbl YBHMM, 4YTO OAMH M3 AByX momocoB WeHCTBUTebHO Hapy- 
LaeT yCAOBHe yCTOHMYMBOCTH. 


MporpamMupoBanHe 


IIpu paccMoTpeHuH TeOpeMbI peasM3yeMOCTH B_ pasleue 
»llepemaTouHad yHKUMA WH MporpaMMa* Mbl ye HAMOCTPH- 
pOBaJIH MeTOD OCYLIeCcTBACHHA NMpOrpaMMbl, 3a.aHHoK cBoeH Nepe- 
marounoh dyukKunek. B 9TOM pa3mene Mbl pacCMOTPHM Apyrve 
MeTOAb! peamusaunn mporpamM. Kak M Mpu pacueTe HAM CHHTE3e 
CHCTeM, HaM HeOOXOAHMO HahTH MOKaszaTedH, Ha OCHOBe KOTOPbIXx 
MOKHO OWeCHHTb TOT HAH HHOK MeTOA. Iipw peaim3alMn MporpaMM 
TAKHMM MOKa3aTeAAMH ABJAIOTCA UACAO 3AMOMHHAIOWNX PerucTPOB 
H TpeOyemoe BpeM# Aaa BbiunCeHHA. Ho marke ecu Ba MeTOMaA 
9KBUBaJICHTHbI! MO MaMATH WH BPeMeHH, OHH MOLyT OTAMNATbCH 
B JpyrvX BaKHbIX MeTaIAX, TAKHX, KaK HaKOMICHHe OluluOOK 
Np OKpyrvienuH yucet. OnpewenenHoe 3HayeHHe MMeeT yCTaHO- 
BJIeHHe CBA3H Me@2KAY OTICbHbIMM NapaMeTpaMu (1lOCTOAHHbIMH) 
mporpaMMbl H TaKHMH MOKasaTeIAMH, Kak saTyXaHue, PesoHaHe- 
Had YacTOTa, pacnosoxKeHHe momocos uw HyJeh. “lacTHYHO pea- 
AM3allWA TIpOrpaMMb! BK.OYaeT B CeOA pacueT M KOHCTPyHpOBa- 
HHe CaMOrO BbIUHCIHTeAbHOrO Mmpu6opa. OTciola BbITeKaloT TPH 
MeTOJa peaM3salluM mporpaMM,. KOTOpbie Mbl PpacCMOTPpHM H 
CpaBHUM. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


10. Yactornout akaaus yuppossix seiuucaureronox Mauiuk 351 


IIpaAmoe npozpammuposanue 


Hcxoaa M3 BbipakeHud NepexaTouHOA dbyHKunn (4) w HcnonD- 
aya ypaBHeHue (3), MOxXHO nepefita K ypaBHeHuaM (2) u (1), 
ABAAIOWMMCA ABYMA COpMaMM OHOTO H TOPO xe pasHOcTHOrO 
ypaBHenua. |IIporpamMa jaa pewieHua ypaBHenua (2) omkHa 
PaspeluTh Be pasiM4Hble 3aa4un: apudMeTuyeckyio samayy u 
salauy ,nepeanpecosku*. ApudmeTuyeckan 3anaua 3akmoyaetca 
B BOCNPOH3BeAeCHHH DeACTBHA YMHOXKeHUA MU COKeHUA, yKa3aH- 
HbIX B ypaBHeHHH (2). Tak Kak 9TO ypaBHeHHe uMeeT m+n+1 
WIeHOB B MpaBoH 4acTH, HeOOxo.MMO mpousBectu m-+-n-—+ | 
YMHOKeHHK HM m—-n CnOKeHHA. OTM BbIYNCAeHAA NOBTOPsmOTCA 
B KaxKOM HHTeCpBale MeKIY MMMy/bCaMH, HO Had HOBBIMH 
aHHbIMH. 

Bropoh sayayefi mporpamMMbl sBuaeTca npuBejeHHe J@HHbIX 
K “HacTOAUeMy MOMEHTY BpemeHH. Vimnyabc, papunit i*(f) 
B JaHHbIh MOMCHT, CTaHOBHTCA paBHbiM i* (f— 7) B nocaenywounit 
MOMEHT, H, CieMOBaTeMbHO, UMMyAbC i* (2) NOoMKeH ObITh nepezaH 
B aueHKy NaMATH, CooTBeTCTBy1ouLyio i*(t— 7). Tloao6ubIMu oKe 
MeTOJaMH MpPOHSBOAMTCA MepecueT BO BpeMeHH MH AAA Apyrux. 
BXOMHBIX WM BbIXOJHbIX JaHHblXx. 

BoAbLIMHCTBO OOBINHbIX BLIYMCAMTeIbHEIX M@lUMH B COCTOSHHH 
OCYLLECTBUTh ONepaunn, TpeOyiOulWecA In pelleHHA 9TUX 3anau. 

'  TaOawuka, XapaktTepus3yloulad TpeOyemylo eMKOCTA mamaTH nipH- 
Oopa, ABAAeTCA MOMe3HLIM MHCTPyYMeHTOM, MOCKOAbKy Tpe6yemoe 
KOAMYCCTBO HHCTPyKUHA aeT TakxKe ykKa3aHve O BpemeHH, He- 
OOXOAMMOM (id BbIUNCHeHHA. Jina paccMaTpHBaemMoro MeTona 
NporpaMMHpOBaHHA NOMOOHaA TaOaMuKa MpHBeweHa HMxKe ANA 
cyuan, Kora BCe NOCTOAHHbIe B ypaBHeHuu (4) pasanunbl u 
OTJMUHbI OT | HyJIA. 








EMKOCTb 3AIOMMHAIOLUMX YCTPOMCTB IPH MPAMOM 
| llPOrPAMMHPOBAHHH (YC/IOBHO) 


Kommuectso NOCTOAHHDIX 2.1... ... .mtn+l 
KommuecTBO.aHHbIX «2... ee ee. mtn 


YMHOMEeHHA m+ n-+ | 
Onepayun { chomenHaA om-—+tn 
{ nepeqayn m+n 





Noavoe KommyectBo onepauni. . . . . . .38m4+3n+-1 
Bceero.. 5m + bn +-2 | 


| 
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OtmeTuM, 4TO 9Ta TAOAMUKa ABAACTCH YCAOBHOM HW He O693a- 
TC/IbHO MpHMe€HHMa K KOHKPeTHOM BHIUHMCAHTC/IbHOK MalMHe, Tak 
KaK 4HCO WHCTpyKUKH CYLeCTBeHHO 3aBHCHT OT JIOrMYeCKOrO 
M WHCTPYKUWMOHHOrO KOL0B'). 

TlocaedosamerbHoe npo2zpammuposanue 


Bocno.b30BaBUIHCb MeTOAaMH CHHTe3a Welle, MOXKHO Mped- 
NOKUTb APyrve cpeACTBa peatMsallMM MporpaMM, HWCXOAA U3 


* 


Qa) fIpamoe npozpammupouanue 


* ——— # Fo * Onis o's) 
1*(s) feo | "(s) wre Ons) Ont | ware | 7 


6) Nocazedosamenonoe npoepammuposanue 





( 

@ | 

| _@ | \ 
® t 


Onf(5) 
a Wr (S) 


8) Napaancavnoe npoepammuposanus 


Pur. 13. CpapHeHHe MeTOAOB peatn3ayHu MporpamM. 


BLIPAKeHHA JAA mepenaTouHOA dpyHKuua Buda (4) wan (12). 
I]peanoOwOKHM, YTO YHCAMTeb HW 3HaMeHaTeAb NepeaTOuHoK 


1) Jleranu gto mporpamMMbl 6nl4u pa3pa6otaHbl B cTaTbe [3] 
erp. 273—292, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 





ed for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 
| 


~<a 


Sanitized Copy Approv 


10. Yacrorneid axaausz 4YUPPOCHX GBbL4UCAUTeAbHOLX MaQNLUH 303 


PYHKUMH MMeWOT TOMbKO ReHCTBUTeAbHBIe HM MpocTule HY JM x 
sa m < n-—1. OTH orpanavenua, npakruyecka He yMeHbulaio- 
He OOUMOCTH HaluHx paccy*kAeHWM, NOSBONAIOT Ham mpejcta- 
BUTb ypaBHeHue (12) B Bune 





W*(2) = 2 1+ ez 1+ ¢,2 
L I+ dyz 1+ doz *** THape? (32) 
r ——. —_—— 
ane 1 /cy\ H 1/d, nator HYM COOTBeETCTBEHHO uHCHUTeNA 
enaTedta (HEKOTOPble 43 MOCTOMHHBIX ¢ MOryT paBHaATDCA 


HY 110). : 
K | | 
Presse ences B (32), paccmaTpuBaembilt OTJCJbHY, 
fais “PelaTOuHOH yHKuneH peaausyemor nporpaMMyl, 
NepBOHadabHad Mporpamma (cur. 13, @) 3amensetca 





OC) Oe) OF(2) O* (z) 
T@) FeO" OL @: * &% 


; noe Bie thy COOTBETCTBYIOUHE WieHH ypaBHeHuit (32) 
; SBECTH YMHOMKeHHe H MPHMeHUTh 06 : 
aTHOe mpe- 
oOpasosanue' JIanaaca, MBI MOYYHM CeAYIOULyi0 Eas ae 
CTHBIX ypaBHeHuit | nee 
* of 
0, (f) = ai" (2) — d,oi(t—T) ) 


2O=%O+eoE—T)  —aor¢—Ty | 





(84) 


0” (t) = oi O+ ¢,0, ,(t¢—T) —do° (t—T) 





EMKOCTB 3ATIOMVHAIOULNX 
YCTPOKCTB TIPU 
NOCJEQOBATEJIbBHOM NPOPTPAMMHPOBAHUH (YCJIOBHO) 


Koauyecrso noctosHunx . . 
Konmuectso gauuix .... ar 
YMHOKEHHA m+n | 
Onepauun { cnooamenua m +n 
| [ nepeyayu on 
TloaHoe KOMMYECTBO OllepauMH . 2... 2m +3n+1- 
3 $d re 





23 Sax. 2356, 
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ra ycnosHad TaOAMYKa MOKasbiBaeT OMpeeCHHble IpeuMy- 
WlecTBa MOCAeLOBATebHOTO MporpaMMMpoBaHna Nepel MpAMbié. 
Ha npakTHKe MeTOA MoCcAeAOBATeAbHOMO nmpor paMMUMpoBaHns 
yaCTO HCMOAb3yeTCA MpH 4HCeHHOM aHaAH3e, HO Ha3blBaeTCA 
uyaue. Hanpumep, Mp 2BOMHOM MNTeTpMpOBaHHA MOXKHO MPH- 
MeHUTh opMyly Ma onpewereHHA Cpasy Apohuoro uuTerpala 
WAH JBaKIbI IpHMeHHT POpMyy KBadpaTyPbl, HCMOAbSyA ABE 
NOCJeLOBATebHbIe ONepalln. 


Tlaparnensnoe npozpamMuposanue 


Jina xXapaKrepucTHKH 93TOrO MeTOa 3aTlHIleM BSIpaxKe- 
Hue W*(z) c y4eTOM BBEACHHBIX BDILTEe orpaHHyeHHh B Buse 


* ae fi i. fn 
W =e tite To ae ae Er 2) 


rae f,—BblueTEE W"(Z) B Momiccax Z,—= — l/d;,. Kak mokas3bl- 
paet dur. 13, 6, CyMMa MepeaTONHbiXx PyHKUMA peamusyeTca 
nyTeM MpHOKeHUA OAHOTO HM TOLO XKe BXOAHOTO CHPHaJla KO BCeM 
6NOKaM WM CYMMHPOBaHHA MX BLIXOAHEIX CHPHAOB. MatemaTi- 
yeCKH 9TOMY OyMeT COOTBETCTBOBATb BbIParxcHHe 1) 


O° (z) OF(z) , O22) O, (2) 


Fa-Fetret tre © 


IipupaBHuBad COOTBETCTBYIOWIHe YACHDI y paBHennit (35) u (36) 
M IIpHMeHan OOpaTHoe mMmpeoOpasoBaHHe Jlaniaca, NOAy4HM CH- 
ctemy ypaBHeHuh 


ot) =fiO—4%(—T) 
05 (t) = fi O— d,o,(t —T) 


o* () =f, (O—4,0%,¢—T) 
ot) =o Lott... FO 


TaOmHuKa DA KOTOPOM MpuBeweHa HWKE. 


| 
| (37) 
) 


* * 
1) Burxogupre curHatl O, (2), +++ O,, (Z) He CopmajaioT C TAKOBbIMH 
B (33). 
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| EMKOCTb 3AMOMUHAIOUIUX YCTPOMCTB OPH 
MAPAJWIEJIKBHOM IIPOTPAMMMPOBAHHH (YCJIOBHO) 


KoaHYeCTBO MOCTOAHHBIX ..............2Nn 
KoaMwecTBO WaHHbIX ..........0.2.2.2.2.8 
| 7 YMHOMenHHA 27 

Onepaynu cnomeHnuA 2n — I 

| | nepezauu n 

TlomHoOe KomMUeCTBO OMepawH. . . 2... onl 





Beero...8—1 





IlapanieqbHo2 mporpamMMuposauue, NO-BUAMMOMY, 3aHHMaeT 
C TOUKH 3peHHA 9dPeKTHBHOCTH NMpoOMexyTOUHOe Noro KeHHe 
MexKAY OBYMA ApyruMM MeTOZaMH. OHO peako ucnosb3yerca 
B BHYCIUTeELbHOK padotre. B caMOM deze, cOBsepmeHHO He ACHO, 
KakuM O6pa30M COOTBeTCTBHe MexAy (2) u (37), KoTOpoe 60 
HaMH TOJbKO TO YCTaHOBJeHO, MOXKHO OBO Obl NoOayYHTS 
OObIYHBIMH |METODaMH BO BpeMeHHOH OOaacTH. 


Cpasxenue memodos npozpammuposanun 


XOTA 4YWCIO 3aMOMHHAIOWUX perucTpoB Hu HeObxo_MMOe BpeMal 
BHIUMCeCHHH MOMKET CAYKATb OWCHKOH MeTODOB nporpaMMuposa- 
HHA, MHOTQe 3aBHCHT HM OT KOHKPeTHbIX OCOSeHHOCTeH CaMoro 
mpwOopa 4 kKOa uHucrpyKunh. JlefictsurerbHo, uccaenopanue 
METOZOB NpOrpaMMHpOBaHHA MOMKET MOBAMATH Ha MpOeKTHpoBa- 
HHe WHPPOBLIX MalIMH HM paspaOoTKky Kona. BKmouenve B KOZ 
ObICTPOMeMCTBYIOWeH BEIYMCHHTebHOH MaLIHHbI Tak Ha3biBae- 
MOM ,OOMeHHOA“ (whirlwind) uxncTpykuwu (KoTOpas Mepenaer 
pesyabTaT M3 apHdMeTuyeCKOrO ycTpolicTBa B uU36paHHbI 3ano- 
MHH@IOWHA pervcTp H OOpaTHO) AeqaeT MpaMOM MeTOA mMporpam- 
MHpOBaHHsA | OONIee ScPeKTMBHBIM, 4eM NOCAeAOBATe/IbHEIH. 

IIpamof MeToa nporpaMMupopaHua Gouee ynoGben B cry4uae, 
Korda HEKOTOpbIe MOCTOAHHHIC B BbIpPaKeHuH W*(Z) paBHbI Hy0, 
TaK KaK MPH MOCAeOBaTebHOM MeTORe NpeoopaszoBanue ,BoOc- 
CTaHaBAMBaeT” BCe MOCTOAHHIC, YBeJMYMBaH 4NCIO YMHOKeHHH. 
Kpome Toro, Mpw MpaMOM MeTOZe mporpamMupoBaHuA MOXxKHO 
CBeCTH K MHHHMYMY 34a0e€pKkKy, BHOCHMYIO BDBINMCeHHeM, TaK 
KaK BCe WieHbl (2), UCKTOUad a,i*(¢), MOryT 6bITb NOACUNTAH 
AO NOCTYMAeHHA Ha BXOA AMCKpeTHOrO curHawa i*(t), YTO BaxKHO 
B MpHMCHeHHM K CHCT€M4M aBTOMATMUeCKOrO peryMpoBaHna. 

C apyrof# cToponst, nocazesoBpaTeabHoe por pamMMupoBaHHe 
UMceT TO HpeHMylleCTBO, YTO NO3BOAAET MOAyYaTh MpoMexy- 
TOYHBIE Pesy/bTaTbl, YTO HHO Aa TaKxKe OKAa3bIBaeTCA NOME3HBIM. 








23* 
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ieee ee a a rT ee 


Tak, sBolivoe HHTerpwpoBaHve (B ,IIpaMOM“ MeTOJe) onpene- 
set KOOPAMHATY MO H3MePpeHHOMY YCKOPEHHIO, HO ABa MpOCTHIX 
OMHOKPATHBIX HHTePPHPOBaHHA B ,MOCCOBATeAbHOM” MeTODE 
MOSBOAAIOT MOy4aTb B KayeCTBe MPOMEXKYTOUHOTO pesyAbTaTa 
TakKe H CKOPOCTb. 

Tlapawienbuoe mporpaMMHpoBaHe, MOMHMO ero aKaleMH- 
yeCKOrO HHTepeca, MOKeT OKAZATb BAMAHHE HM Ha MpOeKTHPOBa- 
HHe BHIYMCIMTeAbHOrO ycTpolicTBa. Tak KaK BO BC€X ypaBHeHHAX 
cuctembi (37) urypupyeT OHH W TOT %Ke BXOHOM curHad é* (ft), 
OHH MOryT ObITb PeLUeHbl COBMeCTHO, CCAM MOCTPOCHbI N COOT- 
BeTCTBYIOWWMX apHMeTuyeCcKUX 9/leMeHTOB. Tako BapWaHT KOH- 
CTpyKUHH MOXKeET MOKA3aTbCA CTPaHHbIM, HO MPH 3TOM MOXKHO 
NOJYYHTb BHIMTPbIL B CKOPOCTH MOUTH B 7 pas. B OTA¢/IbHbIX 
YaACTHBIX Cy4aAX WIA peWwleHHA 34144 MpOrPaMMHPOBaHHA MOKET 
IIPHMCHATbCA COBOKYMHOCTb STHX METOAOB. 

TlpH cocTaBieHHd WAM YCOBepUIeHCTBOBaHHH MporpaMMbl 
9KCIEPHMCHTAJbHBIMA MeTOaMM MOryT OOHAPyXKHTbCA CelMasb- 
Hble MpeuMYyWecTBa MOCAeROBATeAbHOK HAM napawAebHOH CXeMbI. 
Ecau mpoekTHpoBahve OCHOBBIBaeTCA Ha H3Y4CHHH PacnOOKeHHA 
nomocoB HW Hyaef mepegaTouHOA MyHKUHH, WerecooOpa3sHo 
HCHO/Mb30BaTb MOC/ICMOBATeAbHbIM METOJ, MPH KOTOPOM Kak JOA 
MOCTOAHHOM B ypaBHeHHu (34) HemocpeACTBeHHO COOTBETCTBYeT 
OTMebHEI PaCCUHTbIBAeMBIM NapameTp. AHaJOrH4uHO MpH Napad- 
J@MbHOM TIPOrpaMMHPOBaHHH KaK DOK NOCTOAHHOM COOTBETCTBYeT 
HAM Momoc, HIM BHlueT. aa NOMyYeHHA %HKeAAeMOro PesyAbTaTa 
OTECbHbIC NOCTOAHHbIC MOMKHbI MOAOMPaTbc”. 


3aksu04eHHe 


Llenb craTbu cocTOaaa B paspaOoTKe MeTOMa aHaH3a Wndpo- 
BLIX BLIUMCAHTeJIbHBIX MaUdH, HCIO/JIb3yeMbIX B CHCT€MAX ABTOMATH- 
yeckoro peryanpoBaHna. IIpu 9TOM OCHOBHOe BHAMAHHE yAeeHO 
ckopee MOAXony K MpoOleMe, YeM MPHMEHCHHIO CMelMa/IbHBIX 
MeTonoB. PaccMoTpeHHble MeTOAbI MOryT HaHTH MpHMeHeHHe HU 
NIpH peleHHH OGHIYHBIX 34a4 YMCACHHOrO aHaJM3a, TAKHX, Kak 
CXOAMMOCTb M pe3OHaHC YMCeHHBIX pelleHHi. XOTA H31OKeHHE 
He MOKeT Mp.TeHAOBaTb Ha MOAHOTY, MOAYYeHW HeKOTOpbIe 
OCHIBHbIC Pe3y/IbTATH, KOTOPble AerKO MOMKHO PasBHTb. 

TpyAHOCTh 3aKaC4aeTCA B TOM, YTO OO/ACTb Hudposoro 
ABTOMATHYeCKOrO peryHpoBaHHa elle MOOAa H ee mpoOweMbl 
HM HyKJbI He BMOAHE ACHO OMNpeTeJeHbl. Hanpumep, oOmas 
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Mpo6ema anpoKcuMalluH %KemaemMHXx XaPaKTePHCTHK C TMOMOLIbIO 
nmepewaTouHok PyHKWuH peamu3syemOH MporpamMbl mpemcTaBaneT 
OOMbUIHe TPYAHOCTH, a CheWMaABHEIe YacTHEe CAy4aH BOSHHKAaIOT 
AWWUb MPH KOHKPeTHEIX MpHMeHeHuax. Paspurtue TeEXHHKH peaJH- 
SauHH MpOrpaMM CBA3aHO C paspa6oTKOf HOBEIX 9/IEMEHTOB 
BHYHCAHTEBHEIX YCTPOHCTB, KOHCTPYKTHBHbIX HW JIOTHYCCKHX CxeM. 

Moxer BOSHHKHYTb BOMpOC O Lenecoo6pa3HocTu MpHMeHeHHA 
MMHeAHOrO |aHanusa K UndposEM BHIYHCAHTCJIbHBIM MALIMHaM, 
KOTOPHle OCyUlecTBAAIOT pasHoo6pasunle HemMHefiHbIe onepalun. 
OnnHako naxe MPH aHaJIM3e HeHHeAHBIX CHCTeM JHHefHBIe MeTOUbI 
aHaH3a MOryT MPHMeHATHCA WH OKa3aTbCA NONeSHLIMU B KauecTBe 
BCNOMOraTeAbBHBIX METONOB. Pacnpoctpanenue yacTOTHbIX MeTONOB 
aHaH3a Ha UWA@poBbe BHYMCAHTeABHEIE § MaLIVHE NO3BOAACT 
B MNpHHWMNe pacnpoctpanuTp CYIMECTBYIOUWe MeTOLbI aHamu3a 
CIC AAUMMX CHCT€M Ha CMelUaHHbIe CHCTeMbI, YTO BO MHOrHX cay - 
WaAX MOKET OKa3saTbcA NoAeSHEM. 
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11. HPHMEHEHHE YACTOTHBIX METOJOB JIA AHAJIM3A - 
MPOWECCA PETYJIMPOBAHHA TYPBHH - 
B 9HEPrOCHCTEME LUBE’) 


B. Ota 


OBOSHAYNEHHA 


Pynkyuu spemenu 


Yka3aHuble HWKe BeMYHHbI OTHOCATCA K CHHYCOHaJIbHBIM 
OTKAOHCHHAM, HaslOoKeHHBIM Ha cpedHee 3HaueHHe. OHH ABAAIOTCA 
eKTOPHBIMH BeJIMUMHAaMH, HO Tak KaK B 9TOH CTaTbe OHH He 
HCHOMb3YIOTCA B APYTOM CMbICJe, TO 3HaK BEKTOPa BCWO/Y ONYULEH. 

g’ —-nonmoxweHHe BCMOMOraTebHOrO CepBOMOTOPA, 


Q@ —-OTHOCHTeAbHaA BeAMUMHA OTKPLITHA HallpaBAAOULero 
anmapata TypOWHBT; 

f —4acToTa 9HeprocucreMbl, 

P —MOULHOCTb; 


Pp—BBIXONHAd MOUWHOCTh TYPOUHE!; 
P, —BO3MYIILCHHe MOLIHOCTH; 
P, —ocTaTOWHoOe BOSMYLLCHHE (nocae peryaupoBaHua). 


Tlepedamotnsie PyntkK yuu 


Oru pyHKUMM AB.MIOTCA PyHKUMAMM KOMIVICKCHOTO le peMeH- 
HOrO, 34BUCHLLMMH OT UacTOTHI. 
F —nepenatounaa cpyHKUMA 9eMeHTa CHCTEMbI aBTOMATH- 
yecKoro peryJMpOBaHHs; 
|F|— a6comotHoe sHaueHHe P; 


» —asa FP; 

®,—nepemaTounad byHKWMs pasOMKHYTOM CHCTeMbI C WeM- 
ndupoBaHHeM, | 

@,—nepenarounan yHhKilus pasOMKHyTOH CHCTeMBI 6e3 
eMI(pupoBaHiaA. 


Hpy2ue seaurunol 


a, —CpelHee sHaveHHe BeAIYHHbI OTKPHTHA HanpaBAstousero 
animapaTa TYPOMHbI; 
t) —-MOCTOMHHad BpeMeHH peryaAATOpa, 


1) Oja V., Trans. ASME, 76, Ne 8, 1325—1331 (1954). 
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Tt. —-BPeMA pasroHa BOB; 

T. —~ NOCTOAHHAA BpeMeHH CTaONAM3HpyloWeh OOpaTHot 
CBA3H; | 

Sp — NOCTOAHHAaA *KeCTKOH OGpaTHOH CcBA3H; 

6, —moctrosHHad rH6Koh o6paTHon cBa3u; 

N, —— 9@cbeKTHBHOCTS pery1MpoOBaHus; 

B, —OTHOCHTeIbHOe ycusue peryAMpOBaHHs; 

® -——YyrqOBad YaCTOTA BO3MYLLLCHHA; 

0 -——2XKeCTKOCTb ceTH, “26m/24. 





Queprocetp Iipennu 


Bea Ttepputopua Lilpeuuu nokpbita ceTbiO 3eKTponepeay, 
COCIMHEHHEIX B CQMHYIO CHCTeMy; ee reorpaduyeckad MpoTsKeH- 
HOCTb COCTaBAAeT MpumepHo 1400 xm c ceBepa Ha wr u O00 KH 
C BOCTOKa Ha 3amad. O6ulad MOWLHOCTh CucTeMbI OKO0 3500 uesm 
(1§49 r.). Queprua ruaposaektpocranumf cocraBaset 97—98°/) 
BceH SHEPrHv, MpOH3BORHMOM B TeYeHHe HOPMaJIbHOrTO Toda. 

~Oxono 85°/, sHeprnu ruaposzeKTpocTaHuM MpousBo_UuTca 
B CeBepHOH |YacTH CTPaHbl, Pe NMPOXKUBaeT TOAbKO OHA WecTad 
yuaCTb BCero| HACeJCHUA, 4 OCHOBHbIe WeHTPbI NOTpeOAeHuA pac- 
NOAOKeHL Ha lore. QlekTposHeprusd MepedaetTca Ha PaccTOAHHe 
C NOMOLbIO CHCTeMbI W4HUH 9a2kTponepenauu Ha 380 u 220 x~, 
oO6pa3yiouluX OCHOBHOM KOCTAK 9HeproceTH, KaK MOKa3aHO Ha 
bur. 1. Tlotpe6meHve 912KTpOdHeprHv MOXKHO MpHOAM3HTebHO 
KaCCHPHUMPOBATh CJIPTYIOW4M ODpa30M: MPOMBIILeHHOCTb — 
65°/,, ObITOBLI2 HY KIL —25°/, wu %KeresHOMOPOKHEIA TpaHc- 
nopt-—10°/,. 

IIpoeKTHpoBaHwe peryATOPOB YaCTOTHI SHEPFOCHCcTeM OCy- 
uecTBaseTca B LIseunun TocynapcTBeHHbIM yiipaBjeHHeM M0 
gHepretuke.| TIpu maHHot KoHdurypaluu ceTH paspaartrl- 
BaeTCcA Caemyloulad cxema [1]: 

Onna MOUUHaA Beylilad CTaHWMA C MOCTATOUHBIM BOAHBIM 
pesepROM MpeMHasHavena JA ClexKeHHA 3a OOAbUIMMH, HO MedJeH- 
HbIMH M3MeHeCHHAMH HarpyskvH. Oua sBameTCA acTaTHyecKok UH 
CH/IbHO 3anemndupopaHa. Tak Kak peaKIWA ee ABAACTCA 3aMe]- 
JIGCHHOM, TO |MOXKHO YIPaBAATb HYKHBIM KOAMYECTBOM arperaToB 
Ha STOM CTaHUMM, NOLepxKuBast xopowlyw nomnyio 9cekTus- 
HOCTh H OFpaHH4HBad H3HOC. 

MroroudcaeHHple BCNOMOFaTeAbHEIe CTaHWMW padoraioT B 
CTATHYECKOM|PeKUME H IPH MOHMKEHHOM JemmupoBanuy. Tlanenne 








| | 
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CKOpOCTH BpauleHHa TYPOWH Ha STHX CTAHWMAX MOKET ObITb 
CBA3aHO C H3MeHeHWeM NMOTpeOAeMOM MOLKHOCTH, OCcaaOseHHeM 
NOTOKa BOJbI HM ero CpeMHerO 3HaYeHHA, CHHKEHHEM YPOBHA 
BOJLbI, MOHW2KEHHEM JLaBJIeCHHA 

napa B MmapoBbix TypOnnax 

WJM H3Me€HeHHeM ApPyrHx ma- 

paMeTPOB B 3aBHCHMOCTH OT 

H MeCTHBIX YCAOBHH. OTH cTaH- 

WHH JOJDKHBI CIeQHTb 3a ObI- 

CTPbIMH H3MeHEHHAMH Harpy3- 

KM, paOoTaa B y3KOM JHa- 

Ma3OHe OTHOCHTEJIBHO AX pac- 


Vd , yeTHOH pa6oueh TouKku. Tak 
ae Kak 9Ta CXeMa TpeOyerT 6oub- 
“Wyte WOH rHOKOCTH pery.ATOpos, 
, | yuTOObI CONeTaTb pa3JIHUHbIe 
| —— 380K6 napaMeTpbl B pa3HbIX Mpo- 

—— 220K8 NOPUMAX WH NO3BOANTb rHOKyi0 

e peryAHpOBKy emnmduposa- 
HHA, TO Tepe OOwuM aHa- 

. WM30M OyeT avo KpaTKoe 
flapoaute ONMCaHHe COBpeMeHHOrO Ppe- 

Re exmpocmanyua r y NAT op Q. 

oO Fudpossexmpo- 
cmanyuu 
/ Pa6ota peryaatopa 
100 Ha scex CTaHWMAX UWIBeL- 


~ CKOH S3HEPrOCHCTeMBI, NO- 
Pur. 1. Cxema wegckux aMnnii CTPOCHHEIX B NOCJeAHee Bpe- 
siekTponepegay Ha 380 u 220 x6 MA, UCNONb3YIOTCA 9Q/eKTPH- 
C YK&3aHHeM OCHOBHBIX JIIECKTPO- yueCKHe peryATOpHI TY pOHH 
aici (2, 6]. TIpunuun ux pa6o- 

Thl MOXKHO KpaTKO MOACHHTb 

c nmomoulbio dur. 2. B osaekTpouHom peryantope A co3maetca 
HaNpAKeHHe, MPOMOPWMOHAIbHOe OTKIOHEHHIO peryaupyemMod 
BeMYHHbE (YaCTOTHI). OTO HallpAxKeHHe yCHAMBaeTCA HM Mmpeob- 
pa3yeTca B NOCTOAHHLIM TOK. Ha u3smenenve YaCTOTH peryaAATOp 
pearupyeT C MOMOMIbIO HacTpoenHoro LC-koutTypa J. Jaa Ha- 
CTPOAKH peryAATOpa HCnOAb3yetca Lenb 2. RC-uwenouka 3 o6ecne- 
uMBaeT HeEOOXOAMMOeE AemMn@upoBanve. C NOMOMLbIO MPOCTHIX peo- 
CTaTOB, PACNOAOKEHHBIX Ha MaHeAM ynpaB/eHHA, MOKHO AerKO 
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PeryAHPOBaTb COOTHOWIECHHA MO@2XKAY STHMH Pa3JIMUHBIMH BeEAMUH- 
HaMH. BelxOAHOM TOK peryaaTopa MpHBOANT B AeficTBHe SJIEKTPO- 
rHapaBAMdecKy!0 cucTemy B, KoTOpad mpeBpaulaeT SAeKTpHYe- 











ee ae ae SS SF mR ery em my ae ee cae ee ae ee rea a 
a i 
I i | i 
( 
A. | 
| 
l 
i > | | 
2 i ‘aan 
1 1 7 | l 
ty « P24 bape 
i ! 7 t AY | 
’ GY, meoee 
a fu) 4 
| i ! Ei 
+ 
E 
| ] 
a fe J 
} 
} 
“Ate 
D ; G if _ 
EGE 
i 3 
ese nm 
‘C— ee 
‘67, 


Pur. 2. Cxema osaextporuypapawyeckoro ty p6uu- 
Horo peryaaTopa. 


A — §aeKTpoHHBi peryaatop; B —MexaHHSM ynpaBaeHua; C — raas- 
HWA ceppomoTOp; D— MexaHH3M NoBopota zaonaToK; E— Bpcnomora- 
TCADHHWA PeHepaTOp NepeMeHHOrO TOKA. 


CKHA CHrHadl B MexaHHyeckoe nMepemeleHve. Hasnayenne raaBHoro 
cepponpuBona C, MexaHH3Ma MOBOpoTa AOMaTOK Typ6uHH D 
WH BCNOMOFaTesbHOrO reHepatopa E He Tpe6yeT nmoscHennft. 





SaMKHyTaa cucTema 


Ecau MpeAnoaO%KUTb, 4YTO BO Boe SHeprocucTeme peryan- 
pyeTcA TOAbKO OAMH reHepaTop H YTO peryanTop BoszeAcTByeT 
TOMbKO Hal YACTOTY H CTeNe€Hb OTKPEITHA HanpaBaiouero an- 
napata, TO MOXKHO NOMyUNTh CTPyKTYpHylO cxemy, H306paxen- 
Hylo Ha cur. 3. Cxemarnuecku cucTemMa peryaupoBanua nmoKagaHa 
Ha dur. 4. 7 
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Tleppoe 3BeHoO Ha dur. 3 MpeacTaBAdeT SICKTPOTUApaBAH- 
yeckuH peryaaTop TypOnHE. Sxecb Fy — NepeqaTounan PyHKunA 


peryaAATOpa, CBASbIBAIOWad OTKAOHeHHe YacTOTH f; C MexaHHue- 
CKUM BBIXOJOM Q@’; OHA MOKeT ObITb 3aNnCaHa B Bue 


a’ 1 


—_— — = ph { 
Fi JO% (1) 


TaKkuM Ke O6Pa30M MOKHO MpeAcTaBuTb NepedaTouHylo PyHK WMO 
3BeHa %KeCTKOH OOPaTHOM cBA3u 


Fay= deg = Ons (2) 





Py 





Pur. 3. CrpykKTypHad cCxeMa CHCTeMbI peryAnpoBaHHA. 


Buxoq STOrO 3BeHa AAA yROOCTBA BbIPaKeH Yepe3s OTKO- 
HeHHe YacTOTH. SBeHO rHOKOH OOpaTHOK cBaA3H, HAM Memndu- 
pyloulee 3BeHO, XapaKTepusyeTCA MepeazaTOuHOH PyHkuuek 
w@ 
Fg = byt (3) 
rye t,—MOcTOAHHaA BpeMeHH LenoUKH RC. 

SpeHo F, oTpankaeT cBohcTBa raaBHoro CepBOMOTOpa, KOr a 
TypOwHa HaxOQHTCH MOA HOpMaabHbIM HanopoM Bods [3]. 
CreopatebHO, @—cCOOTBETCTBYIOIee OTKPHITHe HallpaB.1Al0- 
mero anmapata TYpOUWHbl, MPONOPUHOHAabHOe BbIXOAHOM MOIL- 
HOcTH TypOuHE! Py, MPM HOPMaAbHOM Hamope BOA. B HeKOTOPHIX 
cayuaax 9Ty MepeszaTounyio yYHKUMIO MOXKHO MpeACcTaBuTb 
B BUG aHaMWTHYeCKOrFO COOTHOWECHHA HAM paCC4HTaTb MeTOJOM 
NoOceLOBaTeAbHbIX MpnOMKeHHH. | 

Bavauve wHepunn Boab F; Lad cpequero Hanopa H HeOO/Ib 
WHX OTKAOHEHHH OT CpeAHef BeJIMYHHbI MOXKHO BbIPasHTb B BUC 


Pl Joryty ap aS ae 
P= By, = TF fo Otay" | ae 
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rae T. — BDemMaA pa3sroHa BOJbl H &—-CpeHAA BeJIMYHHa OT- 
KDbITHA HAMpaBAAOWlerO alinapata TypOuHE. Soecb P— Jek- 
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‘®ur. 4. CxeMa cucTembl peryanpopaunna. 


CTBUTCJIbHaa| BLIXOJHAA MOWWHOCTh TypOuHbl. Tlocuennee 3aBeno F,, 
OTHOCHTCA K 9HEProcucTeme. 





Hepexatounaa PynkunA ceTH 


Ora dynkuua [4] maeT cooTHOWeHNe MexKy HeOOAbWWHMH 
H3MCHCHHAMH YacTOTh! f MH H3MCHEHHAMH BXOAHOK MOLWLHOCTH P 
CHCTeMBI. OTO COOTHOWeHNe ObIIO H3MEPeHO SKCNEPHMeCHTAJbHO. 
Ha BpemMa 9THX H3sMepeHHH pery-IATOpbI BCexX TYPOHH CeTH Ob 
BbIKIOUCHEI,|a HEOOXOAHMAA YACTOTA NOADEPKHBAaCh C MOMOLLbIO 
PYYHBIX peryaTOpos. SaTeM BbIXOA OHOrO TeHepaTopa 
Ha 30 “26m MeHANM MO CHHYCOHAaIbHOMY 3aKOHY C pa3/IH4HbIMH 
4aCTOTAMH. Pesy/IbTHpylOlulWe H3MCHeEHHA YaCTOTHI CeTH H3MepAe 
AMCb H CpaBHHBaduCb KaK MO aMMVIMTye, Tak HW MO dase C Me- 
HAIOLeHCA BXODHOM MOLILHOCTbIO B CllellHabHO CipoekTupoBaHHoOn 
H3MepHTeIbHOM Cxeme. JLa TOTO YTOOKI OTAMYNTh BbIHYKJLeHHbIe 
H3MCHCHHA HACTOTHI CeTH OT OONee S3HAYMTCIbHBIX Cy 4ahHbIx 
H3MeHeEHHA, BOSHHKAIOULUX B Pe3yJbTaTe HOPMAJIbHHIX KOAeOaHut 
Harpy3KH, H3MeEpxAeMble BeAHYHHLI YMHOKAIMCb Ha CHHYCOMaJb- 
HylO @YHKIWHIO C YaCTOTOH BbIHYKTeHHEIX KOAeOaHHM MOLIHOCTH. 
Pe3syabTaT STOTO YMHOXKCHHA MHTEPPHPOBAIcA B TeyeHHe IIH- 
TeJbHOFO MpOMexKyTKa BpeMeHH (OKOO 10 MHH.), 4TOORI HCKAIO- 
4YHXTb BAHAHHe CAy4UaHHEIX HIMCHEHHA, 
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P= 14+] Wp-7,7 
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Pur. 5. AMMAUTYAHO-a3z0Bble XapaKTePHCTHKH CeTH, 
2u/mzem. 


a@—sockpecHna nxenb oT 12.00 20 15.00; 6—pa6ounh aeHb oT 00.00 
no 04.00; @— pa6ounk genb oT 10.00 zo 11.00. 
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Pe3ybTaTbl 3TOFO HCCeEAOBAHUA NPHBe ACHE B BHAe AHarpaMM 
Hafkeucra |Ha dur. 5 ana pas.MyHbIxX yCAOBHA Harpy3KH B CeTH 
B 3a4BHCHMOCTH OT BpeMeHH cyTOK. Ha Tex xe rpacpuKax BH- 
YeP4YCHbI KPHBbIe, COOTBETCTBYIOWIHE YPaBHeHHlO 


=I 1 
n= 9 TF iat, 2) 
Ypasuenne (5) WaeT xopoulee CoBMadweHve C 9KCMePHMCHTAAbHBIMH 
SHaYeCHHAMH MPH HH3KUX YacTOTax. Ha G6omee BEICOKUX YAaCTOTAaX 
BOSHHKa€T PpacxO*KAeHHe, OOYCAOBAeCHHOe B OCHOBHOM peaKTHB- 
HOCTbIO TPaHCPOpMaTOPOB H BbICOKOBOAbTHHX wHHHA. Ho tak 
Kak yCHJleHHe Ha BRICOKHX YaCTOTaX M40, TO MO)KKHO MCNOMb- 
3OBaTb 9TO |NpOcToe BLIPaKeHHe IIA MpeNBaPHTebHOrO aHaan3a 
BCeX HaHOO/lee BaxKHBIX 4acTeH CeTH. 


Merton aHaansa 


Tlocne OnpeyeteHuA BCeX 9/eMeHTOB 34MKHYTOH CHCTeMbI 
MOKHO pa3spaooOTaTb MeTON aHa3a, KOTOPHIA MacT cBeaeHHa, 
HeOOXOMMMbIe A TOO, YTOOb] 3aCTaBHTb TreHepaTOPH Ha pa3- 
AWYHEIX CTAHIWHAX Pa5oTaTb COrMacHO 3apaHee 3a40aHHOM Cxeme. 

CaelyA OcHOBHOM Hee YaCTOTHOTO MeTOMa aHadusa, npen- 
NOJO%KHM, YTO BO3MYLIEHHe BbIPaxKaeTCA CHHYCOMAabHOM cbyHK- 
uve. Guan. nepexaTounble yHKUHH 3eMeHTOB, MOXKHO serKO 
ONMpeJeAWTb |YaCTOTHY!0 XapaKTepHCTHKy Bcef cucTemMH. C apy- 
roH CTOPOHHI, TaK Kak peryupOBaHHe CBA3aHO C U3HOCOM H 
HHOra C MaeHHeM K. Tl. J., TO aHalv3 JOMKeH yKa3zaTb NyTH 
MCNOAb3SOBaHHA MAHHbIX TeHepaTOPOB Aa peryAWpOBaHHA HaH- 
Gonee ONarONpuATHbIM WH 9KOHOMHYeECKH BHITOAHBIM CMOCO6oOM. 

HMcxoas 43 9Toro, peryzupoBanue OyaeT XapakTepH3oBaTEca 
ABYMA BeAMYHHAaMH: SPPeKTHBHOCThIO peryAMpOBaHHA WH CyMMap- 
HbIM PeryIHPyIOUlHM yCHJveM. 

OpekTHBHOCTh MbI OMpeeAMM KaK OTHOWeHHe yMeHbIeHHA 
aMILIMTY bl BOSMYULCHHA K ee MePBOHAuaAbHOK BeAMUHHE, T. e. 
KaK eHCTBHTeCAbHO MOAyYeHHOe yAy4WeHHe, BbIPAKeHHOe B Bue 
oTHOWeHHA.| Ha dur. 6 moKa3aHa TypOuHa c peryaaTopom Hu 
C€pBOMCXaHH3MaMH C OOWeH MepenaTOUHOA dyHKuueh Fy, npu- 
CO€¢MMHeHHad| K CeTH C NMepedaTouHod dynkuuel F,.. 

Gannwiem OueBYAHOe COOTHOWeHHE 


Py= Py— Pr (6) 
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WeHcTBHTeIbHOe yilyumenve OyAeT paBHO 





| P,|==|Pel—|Pal- (7) 
Corsacno onpesenenuio, IPPeKTHBHOCTh pery AMpOBaHnA 
_ 1 Pal 8 
Nye = | P, | : ( ) 
Tlocne moscTaHOBKH NepemaTouHOoH dyHKWWn § pa3s0MKHyTOR 
CHCTEMBI 
Pr 
2, = 5, 
nMosyuuM, 4TO 
1 
1 =1—|TEa,l: 8) 


TaKuM MYTeM MO2KHO' OMpedeauTb KpHBy!O 7,(), KoTOpas 
moKka3plBaeT 9bdeKTHBHOCTh ycTpOlCcTBa WA CHHYCOMMa/IbHbIX 





®ur. 6. Brox-cxema c OMHOH peryaupyeMon 
MallHHOH. 


BO3MYLCHHA pasanuHEIx uactoT. 1a accbeKTHBHOCTH peryJH- 
pOBaliHA MOyuaem 3Ha¥eHHe 4,== 1, CCAM BOSMyLLeHHA yCTpa- 
HeHbl MOAHOCTbIO; %,==0, ecam aMMMTyZa BOsMyULeHHh 
Heu3MeHHa; 74, <0, ecam peryaMpoBanue yBeAHNuBaeT 
BO3MyluleHMe. JiBa MOCMeAHUX CAy4ad HMCIOT M€CTO, CCAM MOLK- 
HOCTh TypOunbl Pr He coBmalaeT MO ase C BOsMYLIeHHeM. 
BropoH xapakTepWcTHKOM ABAAeTCA peryIHpylolulee YCuAHe, 
KOTOPOe HY2KHO MpHAOKATb, YOO! NOAYGMTS 3(ppeKTHBHOCTb 
peryaupopanna, paccmMoTpeHHyio pakee. PeryMpyioulee ycuiue 
onpeweaseTcA KaK OTHOWeHHe ACCOMIOTHDIX BeAMYHH HSMCHCHHA 
OTKPLITUA HanpaBsmioulero almapaTa TypOWHb! K aMIVINTy Ne 
Bo3sMylieHin. Ha cur. 6 w3MeneHHe OTKPbITHA HallpaBAAOUlero 
almapata MpeAcTaBleHO CTaTHYeCKOH MOLLHOCTbIO P73. 
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ee eo ee ee ee 
CorjacHo onpedenenuio, peryrupyioulee ycuave noayuaerca 
B jmopme 
pe rel (9) 
| "| Ps 


Ecau noactaBuTe nepewaTounyl0 yHKWMio, XapakTepusyioulyio 
H3MeHeHHe ae BOJbl WM BBeECTH NepewaTouHylo dyHKWKO 





PasOMKHYTO} CHCTEMbI, TO NOMYUATCA CAeHywlullee ypaBHeHnHe; 
jl & 
lai | om 


TakuM o6pasom, MOxKHO MOcTpouTh KpuByn B, (w), KOTOpad RaeT 
aMIIMTy My ,W3MeHEHHA OTKPbITHA HaNpaBAsiowlero annapara 
NpH CHHYCOWa/IbHOM BO3MYLICHHH CAMHMYHOM aMMAWTy AB. 

Ha mpuMepe MOxKHO noKasaTb KOHKpeTHOe MpHMeHeHHe 9THX 
Bequunu. Tipu pacuere 6b MCnOAb30BaHI AaHHbIe reHepatTopa 
Ha 50 wzem\c typ6unoh Kanaana u HaNOpOM BOX OKO0 30 x, 
HCC€QOBaHHOrO §=69KCHeEPHMeHTaAbHO. Bpema pasrova  Boabl 
T= 1,5 cek., a Harpy3Ka B CeTH cooTBeTCTBOBAaNa BOCKpec- 
HOMY JHIO. | 7 


Bec eHHe NOCTOAHHKIX O6paTHoH cBA3H 


TIpeqnosoxKum, 4TO peryaupyerca TOKO ODMH renepaTop 
H 2KecTKad OOpaTHad cBa3sb Fy pa3soMKHyTa (cM. ¢qpur. 3). 
B 9ToM cayyae momyyaetca actaTuyecKoe pery 1MpoBanne. 

epenare (yHKUMA raaBHOK uenu 6e3 ru6Kott ooOpaTHon 
cBasH F, 3amuuleTca B Bue - 


Dy = Fi FFF (11) 
KOTOpad MPH 3aMbiKaHHH emMpupyiouwet oOpaTHot caasu F,, 


CTaHeT paBHod 
Do 


©, = —_2 __ | 12 
‘TF AP oe 
rye, HCXO4A W3 ypapHennt (1) u (3), 
. . ee | byte | 
3 a aa Ero, (13) 


B 9THX ypaBHeHHAX MSBeCTHHI BCe BeJMUMHE, 34 HCKTIOUeHHeM 
NOCTOAHHEIX |, H Tt,. UpeqmomoxKuM, YTO 3HaueHHA 9THX NO- 
CTOAHHBIX OepyTCa 43 MCNbITaHHH uM OGeCne4yHBalOT OCTaTOUHO 
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xopomee peryaupoBanve. Mbt mpHmem 6; = 1°/, Ht, == 6,5 cek. 

Satem ONpeswerseM aMMAMTYIHO-pa3z0ByiO XapakTepuCTHKY 
aa pasoMKHyToH# cuctemnl @,. [IpuHaB sTy KpWBy!O 3a OCHOBY 
H HCNOAb3ya ypaBHeHHa (8a) uw (10), moay4uaem KpHBble AAA 
ocdeKTHBHOCTH H peryaupyoulero ycuauA. Pe3syAbTaTH NO- 
Ka3aHbt Ha cur. 7 B Bude KpHBbIx J. 
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t 
Yacmoma w, pad/cex 


Pur. 7. DhpexTHBHOcTh peryAMpoOBaHHA yy H peryaAupylo- 
uyee ycuue 8, WIA CHCTeMbI peryHpOBaHHA C OHM [e- 
HepaTOpoM 6e3 »KeCTKOH OOpaTHOM CBA3H. 





3ameTHM, 4TO 3eKTHBHOCTb peryAHPOBaHHA CTAHOBHTCA 
OTpHuaTeMbHOA Wad w > 0,17, T. €. WA YaCTOTHI BO3MYIULEHHA 
oxono 1,7 nepwoma B MMHyTy H JOcTHraeT MpHOAK3HTeAbHO 
BeAHUHHE| —1 gaa w=O0,3, B TO BpeMA KaK peryupylomlee 
yculHe OCTaeTCAH BCe ele BbICOKHM. 

CoraacHo omWcaHHO CXeMe, aCTaTHYeCKH peryHpyeMas Belly - 
Wad CTAaHWMA MOWKHa ObITb CHAbHO 3azemndupopana. Slecb 
GyMyT ONMMCaHbI MeTONbl, KOTOPbI€ alOT BO3MOXKHOCTb OMNpe- 
eIMTb MOCTOAHHbIE DeEMNYpOBaHHA, WCXOMA U3 HEKOTOPLIX 
gapaHee M3BeCTHBIX yCAOBHA Aan KpHBOM sdekTHBHOCTH ‘7, (). 
B KayecTBe npuMepa 6yaeT B3ATO MpocToe yCaoBHe UKcaUMH 
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a 
NOCTOAHHOK =MHHMMaJbHOM BeAHUMHE SipdektuBnoctu, pas- 


HOA — 0,2. Coraacho ypasHenmo (8a), 9To O3Ha4aeT, YTO 


—0,2<1—| ia . (14) 


[1+ ®,|> 0,83. (14a) 


Sy aire aa BHINOAHCHBI Tpa@wyecKH HW MOKa3aHbt 
Ha our. 8. | 





T. @. 















ee a SS | 
LT PEERS 





3 Bey ae 
AT LE RET TT TTT thot 118 
ws ATOR PINS TAL fl 
aaa ee SATIN Hy isp iV ¥ 






Bates: ROCK 
RE ra aaa 
SoHE 





Coraacuo ypabHenuio (14a), Kpusan ©, ¢ yueToM OOpatuott 
CBA3H NOMKHA! MPOXOAMTb OKONO TOUKH —1 Ha paccrosHun 
He MeHbulem 4éM 0,83, u, caeqoBaTenbHO, AOMKHA J@KaTb 3 
NPCAeCaMH OKPYXHOCTH C WeHTpoM B To¥Ke —1 4x paluycom 
pabutim 0,83; kpusan ®, NomyuaeTca NO ypapuenuo (12). 


24 Sax. 2356, 
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FP eh Beg py ee 


Jina mo60H Toukm uaBecTHO KpHBOH My, HanpuMep IMA 
w,==0,2, MOxHO HaliTH OMpeweweHHble YCOBUA, KOTOPHIM 
dynKuua 1-+- FyF oe. LOMKHa YAOBJETBOPATb MPU 9ToM yacTotTe. 
Ecau sextop 1+ FF. mp = 0,2 umeeT dasosbilt yroa 0°, 
ro BeKTOp ©, OymeT HMeTb TOT 2%Ke yrod, YTO U ®,) (B MaH- 
Hom cayyae 168°) HM ammauTyay, KOTOpad ONpeteneTca a6co- 
motHott seauaunoh |1-+-F,F,.|. [aa toro UTOOLI COOTBET- 
crpyloulad TOuKa Ha KpuBoh @, He MOrla NOABATbCA BHYTPH 
HayepyeHHoro Kpyra, aOcomoTHad BeH4HHa [1+ F,Fe.| He 
nomkHa AexKaTb Mexay 1,34 u 13,4. OTH orpanHwueHua Moay- 


yaioTca w3 oTHOWeHHH AO/BO u AO/CO. OnHako eciH BeK- 
top 1+ F,Fe. 1pa © =0,2 uMeeT, Hanpumep, yrou, paBHblit 
110°, TO aMMANTyWa He LOMKHA JexKaTb BHYTPH OOMACTH, OF- 
paHwueHHOA B OMHOM HallpaBJcCHHH BpeanunHon 6,2 | AO/EQO|. 
Takum cmoco6om nmoazyyaor touxu B’,C’ u E*. Yepes 9TH 
TOUKH MOXKHO MpOBeCTH OKPy2KHOCTb, BHYTpH KOTOpOM OyAyT 
neKkaTb Te 3HayeHus, KOTOpHIX dyHKuua 14 FyFo. Bas 
yacTOTbI ® — 0,2 MpHHATb He MOMKET, CCAM BOMKHO ObiTb BbIMOA- 
HCHO HepBOHauaJbHO 3aaHHoe TpeOoBaHue. 

Jlerko nmoKa3aTb, 4TO AHaMeTPp OKpy2KHOCTH paBeH 

AT Bt | 1 
D = GF — 40 40 | &\[/-——T|= 


2 
=|®lp—5: (15) 


re Y— paluyc NepBOHayasbHOM OKPy2KHOCTH (B 3TOM cay4ae 
0,83). 
Llentp sTOH OKPyKHOCTH AEKUT Ha NpOAOMKCHHH OA Ha 
paccTOAHHM OT HauaJla, PaBHOM 
(oO Oe an eae Dopo eee ee oe 
oo = 0 2 =| Ml (55+ | Te os 
Sro mocrpoenwe an w==-0,2 MOKHO MOBTOPHTb AA 
pasIH4HbIX YacTOT HU NOAYYATS cemeHcCTBO } OKpy?KHOCTef 
Jd «pasAWYHbIX 3HaveHH YacTOTH. PyHKUNA oOpaTHoK cBA3u 
1+ F,F,.. RomkHa BbiOupaTbCA TAK, yTOOb. TONKA MIA 
YaCTOTH w, JeKalla CHADYKH COOTBeETCTBy!OlWeH eH OKPYy2KHOCTH. 
B waHHOoM cayyae dyHklna OOpaTHo CBAsH 1+ Fy,Fe. mpea- 
cTaBAdeTca, corjacHo ypasHenuio (13), MoyOKpy2xXHOCTbIO 
C WeHTPOM Ha JeHCTBHTeAbHOM OCH, npoxodnueh Ywepe3 TOUKY 
+1 np w==0o. Paluyc noayoKpyXHOCTH BLIGUpaeTCA TaK, 
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YTOObI OH pen HaUMCHBUIMM BOSMOXKHBIM paJluycom, y AOB.e - 
TBOPSIOULMM | YIOMAHYTLIM BbIWe TpeOOBaHHAM. Dra NOY OKpyx- 
ee Ha ur. 8 oma npoxoguts B HenocpeACTBCHHOH 
eee OT TOUKH Mepeceyenna OKpyXHOCTeh w==0,25 y 
es 3 
w 2. [etctautesbnag NONYOKPY2XXHOCTh MpoBewena Cc HeKO- 
TOPbBIM 3aMac¢oM. SaTem Aa TOUKH Ha NOAYOKPYKHOCTH BBI6H- 
pied WiKawa 4aCTOT, B WaHHOM cayyae ma TOUKH wo == 0,25 
ce moctetyioume BbIUMNCeHHA NapaMeTpow dyHKunu PYF 
NpowesaHbl | MOMOLLbIO Bott 
ae HSMCPCHHA KOOPANHAT TOUKK KpHBOoK 
p ae ps OTHOCHT€/IbHO TOUKH + 1, B jaHHOM cayuae 
aBHDbI == = 
a x |F,F,.|=6,3 a o = 49,5°, B Pe3y/IbTaTe BbIUNCHeHUA 
gigs (13) Mel nozyunm 8:= 5°9/, u tp = 4,7 cex 
> ® 
aa a ur. 8 npupenena Kpupag ®;,, BbINMCAeHHaA Ana jnan- 
O 3Ha4eHHA OOpaTHOH cBa3n. Ha ur. 7 (Kpuppie 2) noxa 
SaHbl KPHBbie 9sdcdbekTuBHOCTH 
se , cpp MH KPpHBhIe peryaupyiwunx ycu- 
71a cpaBHeHus aHanoruyype BEIMHCeHHA OLIN MpoBeleHb 
fe pi bi eule OoNbWero RemMndupoBanua. B KayecTBe Hayaub- 
; OUKH ObIIO NpHHATO Tr wan, = ~— 0,04. Tipu atom Nou1y - 
ig ra ula oOpaTHon cpa3u 8, = 16,5°/, 4 t =6 cex 
a cur. (kpuBbie 3) noka3anp ie. 
| I COOTBETCTB 
ince yioulve kpusple 
aoe MpeMbiAy WAX PaccyXMeHHAX YYNTHIBANACh TObKO MUHH- 
: af BeM4HHa y,. Moxuo 3anatp Oomee croxkHbIe ycaoBua 
ped dea leaps NOLOOHEIM xe O6pasom. 
ae ae C XKECTKOH OOpaTHOH cBa3b10 MOKHO HCCJ1ehO- 
: elie O6pa3soM, BK 104uB oOpatuyi0 caa3b F 
NepBoe 3BéHO. SaTem moO Cxeme pur. 3 MoxHO nos uuTD 
CTelyiollee COOTHOWMEeHHe: : 














Py = az ae = 
I+ Fry 3, 1+ jo 22 (17) 
P 
Xapaktepuctuka PasOMKHYTOM CHCTeMbI NPHHMMaeT BHO 
f 
oo= PuP FF a (18) 
a Korma BK OHeHa ruOkaa oOparnan CBA3b, HM€eM 
a’ 
Pee 8 
6 THF aa’ (19) 


24* 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


$72 : B. Oda 


ie 
rye, oOpaiiaich K ypaBHeHiiam (3) H (17), 
b4T¢ jo (20) 
F,.F.. = °° ——_——— o—me” 
11/ c2 bn 1+ jo (52 + te) + Gor 
op p 


CoornerctTByiouiue KpHBbie Aa spekTHBHOCTH HM pery.1Mpylo- 
werO YyCHHA MOKa3aHbl Ha dur. 9 pH %XKecTKOM oOpaTHOH 














Yacmoma @, pad{cex 


dur. 9. OdpbexTHBHOCTh PeryAHpOBaHHA Hy H payee 
pylomee youre By AA OMNOFO TeHepaTopa, uMerouero 2°/5 
HKeECTKOH OOPATHOH CBA3H. 





iS 


ceasu B 2°/, w mpu aemnduposanun 4, == 0 (xpuBbie J) x 
8, == 3,29/, to == 10 cek. (KpuBbie 2). 


PeryaupopanHe CHCTCMBI 


Ha npakTHKe B pery/IMpOBaHHH CHCTEMBI ea eaeiney fond 
crByeT HeCKOJbKO TreHepaTOpOB, Kak 9TO noKa3saHo Ha OJIOK- 
cxeme cur. 10. MoxkHo noka3aTb, “TO nepemaTouHad yHKWusA 
pasOMKHyTOM CHCTeMbI B 9TOM Cayuae 6yleT paBHa 


®ip = FP FoF 2+ Ff st + (21) 


rie uMeeTCA B BUAY BEKTOPHOe CyMMUPOBAaHHe. DbdbekTHBHOCTb 
Bcefl CHCTEMbI MOKHO MOACUMTATh TEM KE cnoco6oM, KaK 93TO 
jlemanocb paHbuie. Ha ur. 11 mpeacTaBzeHbt pe3sybTaTbl 
takoro MomcueTa Aid BeayuleH cTaHUMH C AByMA reHepaTOpamH 
Ha 50 “zen W BCNOMOraTebHOM CTaHLMH C TPeMa reHepaTopaMu 
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Takoro 2ke THMa. IlocTomHubie O6paTHOM cBa3H COOTBeETCTREHHO 
PaBHbl 


8 = 0%, 8 = 16,59, t.—=6 cex.: 
B= 2, B= 1,25, = 4 cen. 


Slecb HeEOOXOXMMO 3aMeTUTb, 4TO BeAyiwad CTaHuHA DAA corsa- 
COBaHHA C NMepBOHaYabHOM cxeMOH DOmKHA HMeTE 6oulee CHAbHOe 
eMN@HpoBaHue. 

MOxkHO TakxKe onpenenutTs TpeOospaHua K KaxkOMy reHepa- 
TOPy B OTHOWCHHH MaKCHMaJIb- 
Horo =peryaupyloulero = ycuaua. 
M3 paccmorpenua 6.0K-cxembI 
Ha our. 12 caenyer, uto yacror- 
Had XapaKkTepHcTHKa pasoMKuHy- 
TOH wenu ®,,, ana onHoro re- 
HepaTopa Mp HadM4HH B Cxeme 
Pala Apyruxk renepatopos 6y- 
eT paspHa © 














a F. Fg cucaas 
P 1 ®,—FFRF : Hr. 1U. DAOK-CXeMa C HECKOJB- 
2 T Pag — Fy Porn KHMH peryaHpyioulHMH reHepa- 

(22 TOpaMy. 










eee as 
ee a A 
peti Tegel 







0,7 
Yacmoma w, pad/cex 


Pur. 11. Kosppunnent nonesnoro gelfictaun pery1upoBaHua 
Bcelt SHEPFOCHCTeMH H peryaupyloujee ycuane reHepatopos. 


Peryaupyiouee ycuaue onpenensetca Kak COOTHOMeHHe MexKAy 
CTaTHYeCKOH MOUIHOCTbIO (H3MeHeHHe B OTKPBLITHH HallpaBasio- 
ulero ammapata) HW BO3MYyeHHeM HM 3aNucHBaeTca B ClleLyiouleh 
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cbopme: 
1 xn 


a FTF Oem 


Pemenue 9TUX y paprenuh jlaeT KpuBble 7, 8,, (ycume Be- 
nye CTAHUMU) H Bye (ycuave BCMOMOraTeJIbHOK CTAHILMH), Kak 
9To moKa3gaHo Ha dur. 11. B MaHHHOM NpuMepe 9TH o6ulHe 
KpuBble ObWIH MOAyYeHbl MPM HCNOAbSOBaHHH TOMbKO OHOFO 


Ee Tns}) 
Ps 


: (23) 

















@ur. 12. BaoK-cxeMa C H€CKOAbKHMH 
peryupyioujumMu reHepaTopaMH. 


TuMa TreHepaTOpoB JA BCeX cTaHuwuh. Brio BbLIACHeEHO, TO 
peasbHbIM YaCTOTHBIA AMamasoH MOP 6bl ObITh TepekpbiIT Goutee 
acceKTHBHO H C MeHbINMMM peryAMpylOllMMl yCHAWAMH, eCJ1H 
Obl WIA PasIMYHbIX MMalasOHOB YaCTOTHI MCNOMb30BaINCb CTAHILHH 
C NOAXONAUIMMM XapakTepHcTHKamMu. B 9TOM Cuy4ae MapoBble 
CTAHILHH MOXKHO ObINO Obl MPHMEHATH LAA pery-WMpOBaHuA OBICT PbIxX 
BOSMYLULeEHHA MaJOM MIMTeAbHOCTH, a rHApOCcTaHWun C MJIMTeb- 
HbIM BpeMeHeM pasrOHa BOAbI— DAA MeAACHHBIX, HO CylecTBeH- 
HbIX H3MeHeHHA Harpy3Kku. 


BosMyleHHaA B CeTH 


Cnenyioumm warom OyleT ompeseaeHne XapakTepHCTHKH 
neficTBUTeIbHEIX BO3MYLWeHH, BCTpeyalouluxca B CHCTEME, MYTCM 
onpenemeHuA WX YacTOTHOrO cocTaBa, “TO HeOOXOJHMO LA 
NOAyYeHHA MpAMOH CBA8H MeXK Dy BOSMYULCHHAMH HM CBOMCTBAMH 
pouecca peryIMpOBaHHa. TIpaxruyeckd 9TO MewaeTcCA MyTeM 
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HaOJIOJeHuA 34 H3MCHEHMAMH 4AaCTOTH CeTH HU BLI3BIBAIOULMMH WX 
BOSMYULCHHAMH. XapakKTepHaa 3anucb Takoro poa MOKa3aHa Ha 
(pur. 13. 

B 6oabmHHCTBe cayyaeB ‘HET HeOOXOAUMOCTH NpOW3BOLNTb 
NOJHBIA avaIM3 KpHBOH, a 2OCcTaTOWHO ONpeReIUTb aMIIUTy AbI 
M 4aCTOTHI ' MpeoOaaawoulMx BOsMylueHHH. Takue sBbluncaenna 
MOKHO CletaTb, CCH H3BECTHAI COOTHOLICHHA MexKIy 3anucaH- 
HBIMH H3MCHEHMAMH YaCTOTbI HM BeAMYMHOAIBOSMyLWLCHHEt MOULHOCTH, 

a 


BbISBaBLUHX |STH H3MeHeHHA. 

aie) Welt eteae Jeb HHH 

SEE HEHE 
iaataaieeaateavantagaa 

aT a 

Se CHEE EH HH 
ge a sae eee leila ela 
0 1 2 3 4 5 6 
| Bpema, mux. 
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Pur. 13. A3menenua yactotn B peryaupyemou cetu. 


IIpeanonox%KuM, YTO MpuBeeHHad 3aNMCb OTHOCUTCA K cH- 
cTeme, BbIOpaHHOH HaMH B KayecTBe nmpuMepa. CooTHomenne 
MexKLy aMMAHTy OM BosMyujeHua P, 4 COOTBETCTBYIOUMM OTKI0- 
HeHHeM YacTOTEI f MOayyaeTca CaenywulMM O6pasom. CoraacHo 
pur. 6, 9) BosMyuleHHa c 4acTOTOA w, uMeeM 





[Poll Fal=s] (24) 
K, MO Onpezenenuio (ypaBHenna (7) u (8)), 
| P2| =| P,1(1 —,); (25) 
TaKUM OOpag3om, 
ee ee 26 
sl = RT a = 


Kpupaa P,(») Mana na ur. 14 ana f=0,1 ay. 

OueHKka MapaMeTpoB BCnOMOraTeAbHOM cTaHUMH OomKHa 
NPOHSBOLKTHCA CeERYIOWMM OOpasom. IIo 3anucu u3menennit 
“acTOTbI C€TH HaXOMMM aMIVIMTYAy M YacTOTy Mpeo6manaioulero 


BOsMyuenuA: © momoulpwo dur, 14 onpenensem aMIury Ay 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


376 B. Oda 


OO a a ee 


COOTBETCTBYIOLerO BOSMYLWCHHA MOULHOCTH. Cuctema pery/IHposBa- 
HUA BCMOMOFaTeJbHOM CTAHUMM AO.DKHA ObITh MOCTATOYHO ObicTpo- 
neficrpyloileh, TOOL CieUTb 34 eHCTBUTebHOK 4acTOTOK 
BOSMyUeHHA (T. €. SPeEKTHBHOCTh CTAHUMM AOMKKa ObITb 
NOMOMUTEAbHOM WH LOCTATOUHO Gonbuioh). CraHiua TakwoKe LOMKHA 


40 
210 Gee pe a 
ca ee a 
0D eel ee wage Coomsemcmayem 4, Ha pue.1l 
a ee SER, 


















Bosmywjenue P, , mzem 


Qa! 0,05 0,1 05 1 
Yacmoma w, pad/cer 


Pur. 14. Amnantyqa BO3MYLeHHA, Aaoulat B peryAH- 
pyeMOH ceTH OTKAOHeCHHe YaCTOTHI 0,1 2y. 


6OLITb LOCTATOYHO MOWLHOM, 4TOOR yCTpaHHTb 3TO BO3MYLICHHe. 
Tlocne Tako OWeHKH pacueT moBTOpseTcA Cc y4eTOM HOBOM 
CTAHILHH, MpHCOeAHHeEHHOM NapatieAbHO K ApPyrHM. 


3akmouvenHe 


V3 Bbluieu30%xKeHHOrO ACHO, 4TO peryMpyiolHe CBONCTBA 
KaxKLOM CTAHWMM CHCTEMBI JOMKHbI ObITh COPacOBaHbl C ee CIO- 
COOHOCTbIO CaMOM cTaTb OOBeKTOM peryIMpoBaHHA NyTeM NOM- 
6opa cooTBeTcTByiolleh CTeNeHH JeMldpupoBaHua. 

CrmuikoM Manoe emMndupopanve yBemuuuT OpicTpowehcTBue 
6e3 yyulwieHHA mpouecca peryAMpOBaHHa B TOH oKe CTeMeHH. 
Hakone, KOAM4eCTBO CTAHUMH, MCNOMb3yeMbIX Win peryAHpo- 
BaHMA, H HX XapaKTePHCTHKH 3aBHCAT OT Be-IM4HHbI BO3MylWeHHA 
B CeTH. 

JlerkO TakoKe BUeTb, YTO YYBCTBUTCAbHOCTb peryAATOPOB 
OKa3biBaeT HeOOmbuIoe BAMAHMe, eCIH MX MeficTBHe AMHeHHO H 
KOSPPUUMEHT YCHeHHA DOCTATOUHO BeAHK, yTOObLI mpeob1a1al0- 
Wlyi0 pOwb Urpana oOOpaTHad CBASb. Tpyrue XapakTepHcTHKA 
OOpaTHOM CBASH, OT/IMYHbIe OT KAAaCCHYCCKUX, T. €. NponopLuo- 
HaNbHBIX CKOPOCTH OTKPbITHA HaNnpaBAsoulero annapatTa TYP- 
6UHEI, B 9TOH CTaTbe He paCCMaTPHBAaloTCa. 
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Kak ykKasbiBanocb, B PaCCMOTPeCHHOM METONe pewmeHuA Ob 
chelaH werbt pad aonymenut. Ho tak xax pery1Hpyemple 
BEAMYHHbI HWM M@€QJICHHO W3MeHAIOTCH, HIM KONeOMOTCA C He- 
6O/bIIHMH aMIAKTYNaMH OKOI0 CpeHerO 3HayeHHA, TO 9TH 
OUIHOKH He OyAyT BHIXOAMTb 34 U3BeECTHHe npetesm. Bauny 
H3MCHCHHH XapaKTePHCTHK CeTH CO BpeMeHeEM HH B KOeM cayyae 
H€Ab3f OKNDATb BhICOKOM TOUHOCTH. 

XoT# ONWcaHHEIft Meror pacueTa emule WH He Obl UCNOAb3OBAaH 
B IBeACKOM| SHeprocucTemMe B Takoft CTeneHH, YTOOH! MOKHO 
Ob10 NOAYYATE NpakTuyecKkne SKCNEPHMeHTaJIbHble NaHHHe, HO 
HpeAnNOAarawt, YTO OH NacT xopoume pe3ybTaTh Mp mpoek- 
THPOBaHHH CHCTeEM peryHpOBaHHA c NIPHEMJICEMBIMH OOLWLHMH 
XapaKTePHCTHKAMH NP MHHHMAJIbHbIX Pery-MPYIOWWHXx yCHAMAX. 
Manne Mevon TawxKe jaer BO3MOXKHOCTh MPHCNOCOOUTh pery- 
JMpoOBaHke K| H3MeHeEHHAM yCoBHH pa6oTH SHeprocucTeMH. 
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12. IPHMEHEHHE YACTOTHOPO METOJIA K AHAJIH3Y 
YCTOWUYHBOCTH CAMOJIETA C ABTOTIHIOTOM ') 


Y. JI. Cuxopo 


Bpemeune 


B HeKOTOpHIX paOoTax HM, B YaCTHOCTH, B pa6otax [1] 4 [2], 
paccmaTpuBaeTca rpacbo-aHasMTHYeCKMA MeTOA pelleHHaA 3aaun 
YCTOMYMBOCTH CHCTeMbI CaMO/CT — aBTOTIHAOT. SToT Metron 
OOMYHO Ha3bIBalOT YaCTOTHBIM. OH OCHOBbIBACTCA Ha NPHHIMMAX, 
HIMPOKO HCMO/Mb3yeMBIX B 91eKTPOTEXHNKe, OAHAKO JHINb B Te- 
ucHHe MOCACAHUX weT 9TH MpPHHIMMbl Haya WWMpOKO MpHMc- 
HATbCA K pelleHHIO 3a0a4H yYCTOHYMBOCTH CaMOeTa. Uacrorubli 
MeTOL MO3BOAKeT HCMOAb3OBATb AIA ONpeeteHnA ycToHuMBocTH 
9KCICPHMCHTAaJIbHbIc XapaKTePHCTHKH aBTONMTOTAa HV pacueTHble 
xapaKTepUCTHKM CaMOseTa. BO3MO%KHOCTb UCNO/Ib30BaHHA 9KCIC- 
PUMCHTAJbHEIX XapakTePMCTHK aBTONMAOTA, NOSBOAAIOWLaA OTKAa- 
3ATbCA OT MPWMeHeHHA COKHBIX H HETOUHBIX ypaBHenui, Onv- 
CHIBAIOIUMX paOOTy aBTOMMAOTA, ABAAETCA ONHHM H3 TIPCHMY= 
ilecTB 9TOFO MeTORa MO CpaBHeHHIO C MeTO/OM HenmocpeACTBeH- 
HOrO pellieHHA ypaBHeHH JBYKeHHA. Jlpyroe ero NpeHMyllecTBO 
COCTOHT B TOM, YTO pa3/JMUHble CHCTeEMbI MOPyT 6LITh HCCAeNO- 
BAH! C MeHbieM 3aTpaToH Tpyaa, YeM Mp TOYHOM peclcHHH 
nuddepenunatbubix ypaBHeHuh. 

Bospactatoulee MpHMeHeHHe aBTONHAOTOB Tpe6yeT OT aBHa- 
WHONHOrO WHKeHepa MOHAMAHMA MeTOAOB, HCHOJb3YeMbIX MpH 
pacueTe aBTONMMOTOB, WM TpaHull UX npumenumoctH. Leb Ha- 
crosuleH pa6oTbl COCTOHT B TOM, uTOOL! MpelCTaBUTb B 9JIe- 
MeHTapHOH cbopMe Mp MHHMMaJIbHOM HCHOJb30BaHHN Ciena Jb - 
HbIX pasHeOB MaTeMaTHKH MCTO] pelleHHa gamau MpW abaluse 
pa6oTh aBTOnMAOTa. 

B craTbe MpHBOAATCA OCHOBHBIe ypaBHeHHA JIBH)KeHHA CaMO- 
neta, a Tak%Ke HeKOTOPble yMpOuleHHble ypaBHenia, NOLpooOHo 
paccMoTpeH mpuMep pacueta yaCTOTHOM XapaKTepHCTHKH CaMO- 
neva, BKJOUAIOWMA CCBIIKM Ha MCMOAb3OBaHHBIC aspouMhamHyeckue 
JaHHbIe. 





1) Seacord Ch. L., Jr., J. Aeronautical Sci., 17, Ne 8, 481—498 
(1950). CoKpaujeHHbi mepeBod. 
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I]pupenen meton aaa MOMYYCHHA YACTOTHEIX XapakTepucTHK 
aBTONMAOTA, a TaKKe MCTOD MCNOMb30BaHUA YACTOTHBIX XapaK- 
TePHCTHK CaMOJeTa H ABTONHAOTA AAA ONpeenenua ycTOhuMBOCTH 
cHCTeMBI. Yka3aH TakoKe MeTOR, NOsBOARIOWLUH 10 4WaCTOTHBIM 
XaPaKTepHCTHKaM NO/JyUMTb KpuBylo Hafixsucta, u paccmaTpu- 
BaloTCa KPHTEPHH MpPHMeHeHHA 9TOM KpUBOM. 

B mpunoxKenun A paccmoTpex MAeatW3MpOBaHHEI mpumep, 
HIWHOCTPHPyIOulMH CXOACTBO pesysbTaTos, MNOJYYeCHHEIX H3 Ya- 
CTOTHBIX XapaKTePHCTHK, H3 KpMBBIX HattKeucta uw H3 pelleHua 
auppepenuvarbHbIxX ypaBHeHHH ABMKeHUA CaMOneTa C aBTONH- 
JOTOM. 





OBO3HAYEHHA 


Ra aMnautyna Koae6aHuf camouera Mp @€HHAYHOM 
| TapMOHH4eCKOM BosJefcTBHH Ha pyH ynpaB- 
| Jenna '); 

R,+— aMNWTya KONe6aHuA camoueTa, TpeOyeman MIA 
| TOPO, 4TOOLI aBTONHAOT BbI3Ba1 KONe6aHuA pyjet 
_ yipaBreHHa eMHHYHOR amMnaUTy ap 2); 

¢——dasosp yroa mexay 8 u 3), 2pad; e>O, 
ecH >; WHMeKC @ OTHOCHTCA K caMoueTy, 
MHIeKC P—K aBTONHAOTY; 

@-—yrod Kpena, pad; 

)-—— yroa pbickaHua, pad; 

8—yroa ckoabxKenua, pad; 

6—yroa OTKAOHeHHA PyaeH ympaBaenua, pao; uH- 

AeKC @ OTHOCHTCA K 9JepOHaM, @—K pyaaM 

BLICOTh H F-—K PYyAM HanpaBsenua; 

T——yroa MexKay KacaTetbHOM K TpaeKTOpHH WeHTpa 
| THKECTH MW TOPH3OHTOM, pad; uHteKc 0 oTHO- 

CHTCH K YCTAHOBMBUeMyCA COCTOAHMIO, yy 6e3 
MHCKCa OTHOCHTCA K MpHpalleHHiO yraa OTHO- 
CHTC/IbHO 3HaYeHHA Yo; 

So — aMMMTy2a CHHYCOMMaMbHEIX KoneOaHutt pyen 

- yipaBaenug; 





1) ViMeetcq B BURY rapMoHM4ecKoe Bo3elicrBue Cc AMMAHTy ROH, 
PaBHow equuuue. Ra — aMnauty quad YacTOTHaA XapaKTeEPHCTHKAa Camo- 
neta. — []pum.' ped. 

*) Ry— O6patHaa amnautyaHaa yacToTHaA XapaKTepHCTHKa aBTo- 
nusota. — Ipum. ped. 

5) aa cayyas, korga § u } u3menmortca no TaPMOHHUeCKOMY 3a. 
kouy. — /Ipum., ped. 
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380 Y. Cuxopd 
pai W3MeHeHUA yraa pbicKanua, pad/cer, 
r == 4, — CKOpocTh y 
p= —CKOpOCTb H3MeHeHMA yraia KpeHa, pao/cex; 


dt 

t— ppema, CeK.; 

w — yrAoBaa YacTOTa KONe6aHHh, pad/cer; 

®,— yraopad YacToTa, Np KOTOPOH &== &, HU BOS- 
HHKalOT aBTOKONe6ahuA CHCTeMbI, pad/cex; 

m—macca caMOJIeTa, m. e. mM. 1); 

k,,— paluyc HHEpLM OTHOCHTCABHO riaBHOH NMpOLOAb- 
HOM OCH, 4M; 

k,—palwyc WHEpuuH OTHOCHTCJbHO raaBHoh BepTHu- 
KaJIbHOK OCH, 4; 

]— roa MeXKLY MpOLOAbHOM OcbIO CamoreTa H Ha- 
paBseHHeM MOseTa, 2pad; yrOA MONOKUTEACH, 
Kora PAaBHad OCb pacnosoxKeHa Hal TpaekTopuer 
nowera; 

b— pa3Max KPpblibeB, M; ; 

S—pacueTHad NAoWlanb Kpblibes, M°, 

V — posnywinad cKopoctTh, #/CceK; 

g— MHaMH4eckoe LaBAeHHe, KD we 

P-—— NAOTHOCTh BOshyxa, m. e. M./M°: 


D= £ —onepaTop AudpdepenitnpoBsaHns, 


j=V— | — MHuMaa CLMHHLLA; 
C,— koscdcuuvendT MOMeHTA PHICKAHHA, 
C,— KospdunvenT MOMCHTA KpeHa, 
C,,— KosdduunentT CokoBoh CHAbI, 
y 
Cus Cigs Cys 9g Op OB 


0Cn i, OCy 
Cnr Cirs Cyr = FFE)? J(rb_V)’ O(rb/2V)’ 
0Cn OC] OCy 


Cups Cips Cup = (pb RV)? J(pbAV)’? O(pb/2V)’ 
8Cn OCy Cy | 
Crsi Cas Cys = 73> Oe’ oo” 
0Cn oc, Cy 
Caps Cipss CyDi=9(p58/9V)> J (DsbQV)’ 9(D26/2V)’ 


4) TexnuuecKkas exunnya maccnl | m, em. = TKI -ceK?/M=9,81 K2.— 
[Tpum. ped. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


12. Yacrotuout akazug ycroddiueotru cakodeta c astonusotom 381 
rr ar sp 


K — MepelaTouvoe 4HCAO aBTONHAOTa (KOSpPpHUMeHT ycH- 
JeHUA); IIpW HyAepoh uacToTe $= Ky, K9; 

P, (jo) — nepenatounaa spyHKuuA camoneta;: 

P, (jw) — nepenatounaa yHKWHA aBTONHAOTA; 


KG (jo) = Pa (Je) Pp (Jw) (cm. [2]). 





Yactotupa MetTon 


O6umue cood6pancenun 


YacToTHhif MeTOT a aHaaH3a CHCTeMbI CaMOJleT — aBTo- 
NHAOT NpeANOmaraeT MCNOb3OBaHHe YeTHIPeX KpHBbIX (cur. 1). 


16 160 








at ~ 
ce” «612 

120 S. 
od 7 of 
me) 80 2 
a “p 8 
ae & 
= 4 3 
= 40 8 
ae = 
| S 
0 0 4 
& 

-40 

-80 





Yacmoma w, pad/cex 


Pur. 1. Yacrotuple xapaktepucTuku TuMoBoro ca- 
MOJeTa HM aBTOMMAOTA MO yray Kpena. 


Hs KPHBHX ‘BHAHO, UTO CHCTeMa CaMOAeT — aBTONHAOT ycroAunBa. 


OTy CHCTeMy: KPHBLIX MOXKHO pa36HTb Ha JBe napbl. Onna napa 
KPUBbIX ONHWCbIBaeT CBA3b MEXKDY BOSMYLULAIOIUHMH KOJe6aHHAMH 
pyeH (BxoA) 4 OBWxKeHMeM CaMoseTa (BHXOA). [pyraa napa onH- 
CbIBaeT CBASb MCXKDY JBHXKCHHEM CaMOJIeTa (BXO) M BO3eHCTBHeEM 
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aBTONMOTa Ha pyAM yMpaBlenia (BbIXOK). Lad onMcaHua Kak- 
mo xXapakTepuctuku (camovJleTa WAM aBTOnuAOTa) HeoOxo- 
JLUMbI JLBe BeEAMYHHbI: OTHOWCHHe BeAMYMHbI aMMAWTYAbl nepe- 
MeULCHHA CaMOJIeTa K BeJIMUHHE AaMIVIMTYbl NepemelleHHAaA pyJen 
yipaBienud Hw dasoBbih yrou &© M@)Ky MepemMeuleHveM CaMo- 
neTa mw mepememeHwem pyleh ympasaenna. OTHOUeHMe BewH- 
WHHL, XAPAKTePHSyIOlWeH MepemellleHHe CaMOJIeTa NO aMNAMTY Le 
Hu dbase, K BeJMYHHe OTKJOHEHHA pyIcH yMpaBJeHHA 3aBHCHT 
TOMbKO OT MapameTpoB camoveta‘!). OTHomeHHe BeAMYHHDI 
OTKJOHCHHA py eH, BbISKIBAeMOrO ABTONHOTOM, K BeAMUMHE 
MepeMellleHHA CaMO.JieTa Kak MO aMMAWTyJe, Tak H HO case 
3aBUCHT TO/JbKO OT NapamMeTpoB aBTonuiota. AMMAMTYAHaA H 
(bas0Bad XapaKTePHCTHKH OOBIUHO ONpeAeaMOTCA MA pada 3Ha- 
yueHHH YaCTOT OT HyAA@ QO 4YaCTOTH, paBHOM MpvOAUsHTebHO 
TPOMHOMY 3HAaNeHHIO COOcTBeHHOM YacTOTbI KOeOaHH CcaMo- 
neta. Ode KpnBble MOryT ObITh ONpedereHbl AMOO 9KCMepH- 
MeHTa/IbHO, 1H60 MYTeM HCNOAb30BaHHA YPaBHeHH JBwWKeHHA. 
O6biIuHO XapaKTePHCTHKM CaMOJeTa ONpeReAiOTCA PacueTHbIM 
nyTeM, @ XapaKTepHCTHKM aBTOMMOTa— 9KCNepMMeHTaJbHO. 
XapaKTepHCTHKH CaMOVleTa ONPeeAAIOTCA M3 PelleHHA ypaB- 
HeHH ABwoKeHHA [3, 4] Daa CAy4and yCTaHOBMBUerocaA ABHKe- 
Hua. J\ia ux onpezesteHua HeOOXOAHMO 3€MEHHTb OnepaTop 
nuddepenunpoBpaHua D yacroTHOoK nepemMeHHok J. OTO MO03B0- 
jae? HaliTH peaKUHIO CaMO/IeTa Ha CAMHHYHOe BO3MYWeHHe Kak 
(yHKUHiO YACTOTH! MepHOAMYeCKOrO BO3MYLLeHHA. 
XapakTepuCTHKH aBTONMMAOTa ONpedermioTCA NyTeM OCLLMA- 
NOrpadupoBaHHA OTKIOHCHMA py/leHh CaMOeTa HAM MepemeLile~ 
HHA PYJIeBbIX MalUMH AaBTONHAOTA MA Pa3sAMYHbIX YaCTOT U 
amiautya. B Tom cdJyyae, korfia Mepemeusjenwe pyweH He 
ABAACTCA CHHYCOHAA/IbHDIM, HeEOOXOAHMO BOCMOJb30BaTbCA TIPH- 
OwKeHHOM 3aMeHOM ero CHHYCOMJasbHbIM KOue6aHHem. Cno- 
coOy onpeweseHwaA 9KBUBaAeHTHOrO CHHYCOMatbHOrO Kodeba- 
HUA MOCBAWeH CNeUHaIbHHM pasien HacTtosueh padotu. Ise 
Mapbl KPHBLIX Ha Gur. | OblaH BLIMHCeHbI WH CHATbI AAA HEKO- 
TOporo THMOBOrO CaMOseTa WH aBTONHAOTa. OHH HCNOAb3yiOTCA 
ad OMpewerenua ycTohumBocTH CAeayiouluM OOpasom: ompe- 
jleaseTCA MepeceyeHue ¢-KpuBLIxX. Touka mepeceyeHa onpene- 


1) 3necb MMe@IOTCA B BHAY COOTHOWICHHA aMIMIMTYZ HM Gas AAA 
Cay¥as, KOrka BXOAHbIC MH BbIXOZHbIC KOOPAMHATH ABAAIOTCA TApMOHH- 
ueCKHMH (pyHKIHAMH BpemenH. — J/pum. ped. 
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TACT KPHTHHCCKYIO YaCTOTY, MPH KOTOpOH MoryT cyulecTBOBaTh 
HeATpadbHOo;ycTohumpple KomeOanna 1). 

Ilo sHayenuam R pH KpuTH4ecKoM 3HayeHHH UACTOTH Ww, 
MOKHO ONpedequTb, OyAyT AM CyulecTBOBaTb KONebaHua. Ecru 
NpW KPHTHNeECKOM YacToTe 3HaueHHA R paBHl, 7. e. KpuBbie R 
MepeceKaioTcA B TOUKE C YacTOTOH w,, TO OyyT WMeTb MecTO 
HeMTpalbHO-ycTohunBble KoneGaHuA. OnnaKo, ecau R, Soabuie R,, 
KaK B J@aHHOM MpuMepe, KOueO6aHnsa OyyT s3aTyxaiouuny, 
aeciu R, 6onbwe Rp, TO cucTema 6yzeT HeycTOhuuBOH. Cyuie- 
CTBOBaHHe YCTOMUMBbIX HH HeyCTOMUMBLIX KOJeOaHHh — enuH- 
CTBCHHOe 3aK/IONeHHe, KOTOPOe MOXKHO Cpa3y CleaTb u3 pac- 
CMOTPCHHA BBYX Map KpHBbIX. Ilo onpesenenuio [3, 4], uactor- 
HbI€ XAPakKTEPUCTHKH CNpaBeAAMBb! TOKO pH YC.IOBHM HYy.1eBoro 
ACMN@HpOBaHuA, HU, CaenOBaTeAbHO, ecaN R-KpuBble He Mepe- 
C€KaIOTCA MPH TOM 2Ke 3HAYeCHHM YACTOTH, UTO H €-KDHBbIe, TO 
TONKA MepeceyeHuA &-KPMBBIX yKe He OyleT onpedeaaTb uacroty 
KONeOaHHh. MuHbimu COBAMH, CCH CHCTeMa CamMOeT — aBTo- 
NIMIOT ABAACTCH YCTOHYHBOH Hau HEYCTOHYHBOH, TO MO OCHOB- 
HBIM 4aCTOTHBIM XaPaKTePMCTHKaM MO?KHO YCTaHOBHTb 9TOT 
akT, HO Camu yacToTHe XaPaKkTepUuCcTHKM yxKe He ONpeseamoT 
WacTOTy (HAH DemMnduposanue) KoneOanut. 








Onpedenenue tacmomnvix xapakmepucmuk camozema 


Kak ynomunanoch B TIPCAbLIYLWeM pa3fene, uaCTOTHBIe 
XaPaKTEPHCTHKM CaMOweTa MOryT ObITb NOJYYeHbI M3 ypaBHeHuh 
ABHXKEHHA CaMO/JeTa WM OMpedemMOT peakKUMIO CaMOvIeTa Ha CHHy - 
COUDaIbHOe ABMKEHHE pyle ynpaBrenus. JIBuoKeHHe CamMoneTa 
B OOWeM Cy4ae onNcHIBaeTcA CHCTEMOM WecTH Aupdepenuuanb- 
HBIX ypaBHeHu [5, 6]. BcaencrBue CHMMCTPHH MOKHO Mpene- 
OpeYb CBASbIO MexKAY GOKOBLIM ABMKeHHeM (KpeH, PbICKaHHe u 
OOKOBOe CKO/Ib>KeHHe) u MPOAOJbHEIM JBYKEHHeEM (TaHraxk Hu 
ABWKCHHE BAONb oceHh x HZ) np yYCIOBHH, 4TO KOMeOaHHA 
CaMONeTa Maj. CreqopaTeabHo, ypapHenun MOryT ObITb pa3- 
ACHEHb] Ha ABE Tpynmbl, Kaxk1ad U3 KOTOPBIX COCTOUT U3 Tpex 
ypapuenuh *), B nexoroppix cnelManbHbix CAy4aax, KOra MOryT 








1) He3atyxaioune KOAeOaHHA C NPOH3BOALHOH NOCTOAHHOH aMIIH- 
TYROH. KpuBple, O KOTOPHIX 3yech HXCT Peub, Ha3bIBaIOTCA aMIHTYL- 
HEIMH (A) H dasoBpimu (e) XapakTepucTukamnu. — [7pum. ped. 

*) Hoxasateapctso cM., HallpHmep, B KHure B. Bexposa , unamu- 
WeCKaA YCTOHYHBOCTh CaMOaeta*, OGopourns, 1938.— Iipuam. ped. 
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OLITh ChewaHbl yNpowaouwe MONYWeHHA, MOKHO HCKJONHTb 
OHO WIM Ba ypaBHeHHs. 

IIpumepbl TaKUX YMpOUeHHBIX CHCTeEM, @ TAKKE MOAHbIC 
ypaBHeHHA MpOAOAbHOTO ABHKeHHA MPHBOAATCA B Tl puaoxKeHHun 
B. Toanpie ypaBHenua OoKOBOrO ABWXKEHHA HMCIOT cle ly 10liMi 
Bud. 


YpapuHenwe Aan yraa peckaHHA 


b 
FE: (kz cos’ y+ Re sin” n) D =C.. av D| p+ 


m 


: 6 A] _ 
a FE (k: — kz) cos 7 sin 7D? — Cyp sy P| 9 — Cygp = 
b 
=Cyr,Bat (Cm, + Cnr, gy D)%- A) 


Ypapunennwe Aaa yraa Kpena 
: 2 b 
Fe (ki, cos’ n-+ k: sin’) D —Cy57 D\e+ 


b 
+ | 255 (He — Re) cos nsin 9D? —CryD av )¥— Cub = 


6 
= (Cn, + Cm, 37 D)®,+Cn,2- ©) 


YpaBpuenue AAA yraa CKOAbKCHUA 


mVD WwW. 2 ae 
as gs si8 To— Cur a7 D| ? 


VD 
— [Wee + Cy oy D| e+ |e — Cu = 
b 
= Cy,2.-+ (Cys, + Cyn, 57 D) 3. (3) 


YpaBHeHus, MpHBeAeHHEle BEI, 3aMMCaHbl B o6bIuHOH dopMme 
c Oe3pa3MepHEIMH KOSPPHUMEHTAMH, HO WICHDI ypaBHeHHfi HMe10T 
pa3sMepHOCTb, NOCKOMbKy onepaTop D osnayaeT Auddepenuu- 
popaHve mo BpeMeHH. PasmepHas cbopMa ypaBHeHuft Obifta MpH- 
HaTa MOTOMY, “TO OKOHYATeAbHBIC KPHBbIe AO/DKHDI cpaBHu- 
BaTbCA C OFIBITHDIMA XApaKTePHCTHKaMH aBTONMJOTAa, KOTOPEIe 
apasioTca @yHKUMAMH BpeMeHH HAM YacTOTHl. T]pumeppl ets 
HOCTbIO OespasMepHbIX yPaBHeHHM MOryT 6bitb Hafigenst B [/) 
H [8]. 
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Tabauya 1 


Uncaennoe 
Kosdpunuent sHayenne Cnoco6 onpeaenenna 


eee 




















Cng 0,2292 Ilo WaHHEIM mMponysKu B a9POHHaMH- 
YeCKOH Tpy6e 
Cig —0,1375 | To xe 
Cys — 0,9168 » » ; 
nr — 0,699 M3 ypapuenun Cy, =C,,, a 
+ 2 (1/62) Cue onepenug CM. [10] 
Cr 0,1719 OueHeno no AaHHBIM [11] 
C —0,0010 | u = 
np 3 ypaBHeHHA Cup=—(Cr—C pg)/z , 
| cM. [5] 
Cip — 0,6429 | OueHeHo no janHEIM (11] 
Cnr, — 0,0146 | Tlo gaHHM mponysKu B a9 POAMHaMH- 
4YeCKOH Tpy6e 
Cia — 0,0573 To xe 
C; Dig 0 OyeHeHo no xaHHEM [12] - 
CHa 0 Ilo 2aHHBIM MpogyBKH B 49pO,uHaMH- 
yecKOH Tpy6e 
Cyr 0 OueHeHo mo ganHbIM [13] 
Cup | 0 To xe 
Cys, = Cn, =r 0 
oad Cis, = 
= n Dir — 
—= yD, 
mm 90 x7. cen /m 
k, 1,29 “ | Buruncaeno 
Rs 0,283 a » 
Yo 0 
7 0° Beruncaeno 
b 3,51 wm f- 
gq 1775 eI / 48 
V 179 «m/cex 
S 1,95 «3 
95 Sax. 2356, | 
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a ee a ee 





HeoOxOAMMO OTMeETHTb, YTO B ypaBHeHuA BXOAAT Kos du- 
UMeHTB! JBYX THIMOB, a HMCHHO MaCCOBbI€ H adpOAHHaMHlecKue 
xosbduuventel. Kosp@uuvecnTh, 3aBNCAllte OT Macc, MOryT 
6bITb NOAYYeHb! CYMMHPOBaHHeM COCTABJIAIOWWUX KaxKOH 4wacTH 
CaMoueTa HM 9KCICpHMeHTaJbHbIM MyTeM. TeXxHHKa nowOOunoro 
9KCMepHMeHTa ONHCaHa B padoTe [9]. 

Ad poounHamureckue Kosg~guyuenme. AIpOMMHAaMUdecKHe 
KOSPPULMEHTE! PasMeAIOTCA Ha CTATHYCCKHe UH WHaMHYeCKHe. 
CratTv4ecKHMH KOIDPMUMEHTAMM HasbIBalOTCA BeAHYMHBI, 3aBUCH- 
ue OT yrOBOro CMeLeHHA CaMOeTa OTHOCHTCJIBHO nOTOK4, 
B TO BpeMA KaK JHHAMMYeCKHe KOSMPPUUMEHTHI CBAZAHb! C yro- 
Bot CKOCOCTbIO BpauleHHA CaMOIeTa OTHOCHTeAbHO BOSMYXa. 

[1p OTCYTCTBMM LOCTATONHO NOAHBIX NAHHbIX AeTHOLO 9Kcrle- 
JWMeHTa HaWGosee TOUHDIM METOMOM OMnpedeeHHA BCexX CTATH- 
YeCKHX H HeKOTOPBIX MMHAMHYeCKHX KOIPPUUMEHTOB ABAAETCA 
MeTOA MpOAyBKH B aspodMHaMHyecKol Tpy6e. 

Kosceuiuenthl, oTHOcaIuMeca K COKOBOMY  ABWKCHHIO, 
CHOAb3yeMbie B H30paHHOM HaMM MpuMepe, BMeCTe C KpaTKHM 
yka3aHvem Ha MX ClocoO onpedeweHuA MPUBOAATCH B raOa. 1. 

Pacuem. YlomcraHoBka MpvBeJeHHbIX YMCAeHHBIX 3HaueHHh 
KOSPDULUHEHTOB B ypaBHeHHA (1) —(8) maeT caenyoulMA pe- 
3YIbTaT: | 


(1) (0,01231D%-+ 0,006859D) } + (0,00003935D) ¢— 
_— 0,22938 = — 0,011463, 


(II) (0,000591D? + 0,006308D) ¢—(0,0001686D) $+ ¢ (4) 
+ 0,13758 = — 0,057308, 


(III) 4,638D)-+ 0,2550¢ + (4,638D + 0,9168) B = 0 | 


Uro6bl BOCHO/b30BaTbCA YACTOTHBIM MeTOOM, HeOOXOAMMO 
3HaTb PeaKUMiO CaMO/IeTa Ha CHHYCOWMabHOe ABWDKeHHe py aek 
C MOaCTOAHHOM aMMAuTyLOH WM Mp pa3sAM4HbIX 4YacTOTaXx. Ee 
MOKHO ONpeAeHTb, 3aMeHHB oMmepaTop D xKomfiaeKcHoh mepe- 
MeHHOM YacTOTOH jw. Ota oMepallda, ONMCaHHe KOTOPOM MOKHO 
nalitu B [3] u [4], NompoOHO Uu3saraeTCaA HWKe. 

Cuctema ypaBHeHui (1)—(III) sapaserca CHCTeEMOM COBMECT- 
HbIX ypaBHeHH C TpeMA HEMSBeCTHLIMH , 8 ub. Ecan Heo0- 
XOAMMO ONPeACAUTb Y, CHCTEMa PelaeTCA OTHOCHTEbHO P METO- 
nom onpenemteten. B HallieM 4HCJIeHHOM MpHMepe HMCEM. 

g=> bw (5) 


Q 
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rae | 





0,01231D2-4-0,096859D —0,01146 — 0,2292 
A =| —0,0001686D — 0,05730 0,1375 
4,638 0 4,638D +-0,9168 | 
0,01231D2 +.0,096859D —0,00993935D — 0,2292 
Ay = | —0,001686D 0,0905914D2 +. 0,006308D 0,1375 
4,638D — 0,2550 4,638D + 0,9168 





ITO BbIpPaxkeHHe MOXKeT ObITS YMpOueHO HM IpwBeweHO K Buy: 


g 10~8 (— 327 300D? — 247 900D2 — 6 358 000D) 
— ea PAG LE Ro 
ba 10 (3378D°+-38 580D4-.90 440D?+-720 300D?--23 070D) * (6) 


Samena D= jw naer 


| 327 30002 — 6 858 000 — j - 247 900 


a 
bg 337804 — 90 44009 F293 070 Fj (— 385800 7205000) * (7) 


Bpipaxenue (7) kak cbyHkums Jo MOxKeT 6bITb ynpoueHo u 
IipHBeAeHO K BUY 





4 = ATSB, 
a 
rze 


Aux __110,00008 — 4 320 000 w4 + 44 930 000 2 — 1 582 000 
[1418 87 74008 — 4724 00004 — 51 46000008 52310 (8) 


B= _ 1179 00005 — 4779 000w3 +. 493 400 000 
1141 a8 -+- 87 74008 — 4724 00004 + 51 460 00004 + 52310 ° (9) 


Beauuuhamu,| KOTOpbie HEOOXOAMMBI A8 pacuetTa, ABIAIOTCAH &, — 
a 
pasos yron Mexkay o u 8, 4 Ry—a6comoTHaa Beanyuna 


sir Pmanc./(S9),. OTH BeMYHHEI MOTYT ObITb 3aNHCaHBI 
e 





a arc tg = H R,=V A+ B?. 


Moactapaaa Beauuunn Au B B BbIPaKeHHA Wd €¢, u R., mol 
nowyuuM dopmyap an R, u & Kak yHkKuun uaCTOTDI w 
(4acTOTHI BOSMYUlal0llHX KONeOaHHA pyaeh). 

Ppaduxu, coorserctsyioujue PopMy.1aM, npuBezeusi Ha dur. 1. 
PopMa KpuBEIX 3HAaYHTeAbHO MeHaeTCA B SaBHCHMOCTH OT TOrO,. 





25* 
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Kakaf BeAW4HHa paccMaTpHBaeTCA B KayecTBe BbIXOAHOM. Kak 
MpHMep BO3MOXKHBIX H3MeHeHMA Ha Cur. 2 MOKa3aHbl YaCTOTHbIC 
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0 of 0 15 20 25 
Yacmonia w, pad/cer 


30 45 40 


Pur. 2. Uactotubple xapakTepHWCTHKH THNOBOrO CcaMOmeTa 
MU aBTONHAOTa MO yray PbICKAalIHA, 


xapaKTepucTHKH 10 yray pbICKaHHA AA TOrO %*Ke CaMOueTa, 
KOTOPLIH Obl paccMOTpeH B MIpeAbIAyLeM MpuMepe. 


Onpedenenue “acmomHelx xXapakmepucmuK aBmonuAoma 
HQ aKcnepumMeNmanbHom cmende 


Kak yxKe yKa3bipa0cb, YaCTOTHBIM akaJHs TpeOyeT HCNOMb- 
30BaHHA AByX map KpuBbIX. B Npedpiayulem pasleaze Obl aH 
MeTOR pacueTa XapaKTePHCTHK CaMOJeTa; B 9TOM Pashete Maerca 
MeTOA MpeoOpasOBaHHA YKCMePUMCHTAMbHBIX MWaHHbIX, MOYYCH- 
HBIX JA ABTOMMAOTOB, B YACTOTHBIC XapaKTePHCTHKH. 

VicntitbipaeMbifi aBTOMWAOT moMelllaeTCA Ha BHOpalWOHHOM © 
crome, KaK moka3aHo Ha dur. 3. Siecb we NOMeaeTCH 3allh- 
ChIBalOWad almapaTypa MWA 3amvcw MOOKeHHA CTOa H MOJO- 
*KEHHA Pye yIipaBAeHHA, CBASAHHbIX C aBTOMMOTOM. BaOK- 
cxema cTeHia moKka3aHa Ha chur. 4. MonkeT OKasaTbCA, TO HE- 
BO3MOKHO PaCHOJOKUTh aBTONUAOT Ha BUOpalMOHHOM CTONe HM 
B TO 2#Ke BPeMA MPHBOANTh B ABMKeHMe Py yNpaBeHHA CaMO- 
neta. B tTakoM cayyae HeoOxOWMO H3MeEPHTb MepeMelenne 
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pyeBbIX MalUHHOK 6e€3 HCMOb30BaHHA PbI¥arOB yNpaBAeHHA HIM 
MOCTPOMTb MOJe/b CHCTeMBI ynpaBseHHA. Ha. dur. 3 noKka3aHb 
pyM yMpaBeHua, KOTOPbIe HarpyxKeHbl NPyXHHOA Aa cosda- 
HAA aSPOAHHAMHYeCKOrO WIapHHpHOrO MOMeHTA, TaK KaK Xapak- 
TEPHCTHKH PYJI€BLIX MAlIMHOK CYUJECTBeCHHO MeHAIOTCA .C H3Me- 
HeHHe€M Harpy3kH Ha pysH. Kpuepie nepemelleHuA cToma Hu 
NepeMeleHHuA pyle 3aNHMCbIBAIOTCA Ha OAHY MeHKy, Kak MOKa- 
34HO Ha qur. O. : 





Pur. 3. Tumopol cTeHa. AAA CHATHA YACTOTHBIX xapak- 
TEPHCTHK aBTOMNOTA. 


J—sanvcHBaloulee ycTpokcTbo; 2—asronuazot; 3& — Buo6pannonnnh 
CTO; 4—AaTYHK BpeMeHH; 5—~Harpy3Kka; 6 —pyaebpoh npuBog. 


; CnenyeT HMeTb B BUHAY, YTO He BCerda MOMKHO HCNOMb3O- 
BaTb B KaveCTBe HCTOUHHKA BO3MYLUCHHA BHOpaluHOHHbIA cro. 
ECM 4YYBCTBUTeIbHIIM 9eMeHT aBTONMAOTa He pearupyeT Ha 
yr OBOe OTKAOHEHHE, CKOPOCTb HAH YCKOpeHve HIM eCaM CHT- 
Hall OT HaTYWKa MOXKeT ObITh MOyYeH OovIee MpocTLIMH cped- 
CTBaMH, TO HCHONb3yYIOTCH Apyrue cnocoObl -co3aqaHuA BO3- 
MY LWeHHH. 

Ilocae TOTO Kak MponsBexeHa 3aMmucb, Mbl pacmomaraem 
TPeCMA MeTOLaMM TPpWOMKeHHOH 3aMeHbI MOJYYeHHbIX CHrHaJOB 
SKBUBAJCHTHBIM CHHYCOMa/IbHbIM CHrHasom (cm. [1]): 

1. Ecau nepememenue pyeh mpeactaBaseT coOof peryanp- 
HbI€e CHMME€TPHYHbIe KOJeOaHHA (HaMpuMmep, B CiJlyYae MpaAMo- 
YTOUJIbHBIX WAM MH.006pasHElx KOvie6aHHH), MOXKHO HCMOMb30BaTb 
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nepByl0 TapMOHHKy Pa3/OXKeHNA B pA @ypbe 9THX KOeOaHuh 


H no s3anvcH NepeMeulenHhA py eh OnpeteHTb aMIIHTyAy 


dba3sy 9TOM rapMOHHKH. : 






BxodHou cuzHaa Boixodvot cuenaa 
(nononenue eudpayuonxozo cmona) (204 OMKAOHERUA aa 
d=p sinwt+€p 
pesin wrt p 














Cepsomomop 
u pedyxmop 


Fupocnonol 


Koumyp agmonuaoma , OX6ayeHHOIL 
IKECMKOU OOPAMHOL CGA3bIO 


Aamuuk 

Gpe menu 

Ganucviganwyes 
ycmpoucmso 


pbur. 4. Baox-cxemMa cTeHa 318 CHATHA YaACTOTHbIX 
XapaKTepnCTHK aBTONHAOTA. 


Aamuun yeaa 
OMKAOHEHUA 


pyaeu 






9. B cnyuae Kora He HYyKeH TOYHBIA OTBET (T. e. Kora 
uMeeTCA OOJbWOM 3amac yCTOMUMBOCTH), CHHYCOMJa/bHBIA CHT - 















ee a a ed a ieee: ere es Bee ee 
- 


- JUN EHU 
cmaaa 


———/ 
Ae menue GOA CCP soMOMOpA 








H yACGOA AUHUN 





Pur. 5. OO6pa3zey OCMMATOrpaMMH, nolyueHHOH MmpH 
CHATHH YACTOTHOH XAPaKTEPHCTHKH aBTONHAOTA. 


Hal MOXKHO MpOCTO 3aMeHHTb CaMOA dyHKUNeH MepeMeleHHA 


pyse, a asy H aMMVIMTyLy HaXOZUTb HeMOCPeACTBEHHO M0 
OCLUHJ.IOrpaMMe. 


3. Ecam meton ,1“ HeMpHMeCHHM HAW eCAIM pesybTaTHl, 
NOJYYeHHbIe MeTOOM 42%, He OOsanawT TpeOyeMOM TOUHOCTbW, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


rt dey | 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


12. Yacrornsit akanu3 yctoduusocru camoaeta c asTonuaoTom 391 


; ° 


MOKeT OblTb MpHMeHeH rpaduyeckuh meTog, KOTOPbIM B OOLIMX 


uepTaxX OMmMcaH B Ta6u. 2. 

TabAauuya 2 

ee, 
- I. Beawunup, Kotoppie HeoOxoAUMO H3MePHTb HAM BHIMHCAHTD 


—_—_—_—_ ey a yee sc 





O6osnayenus | Onucanne acon 
sg a nn 
ty | Tlepnom KoneOaHua ctona Ha ocuuaao- CM 
rpammMe 
F | CKopocth JBYXKeHHA JeCHTbI OTMeTUHKa cM/ceK 
FP, | Kaau6popka oTMeTunKa 2paod/cm 
T IlepHox KoneOannii ctona CeK. 
wo = 2n/T | Yraosaa uactota pad/cex 
Aj | Ilnowjaqb nok KpuBon 6, BruncneHHaa CMA 
| | Ha MpOTAxXKeHHH NONOBHHEI Nepuora 
B, | [In0ujaqb OX KpHBOH 6 cos wf, BEIUH- CMA 


CI€HHaA TpapHyecKHM MeTOIOM 


TlocueqopaTewbHOCTh ONpeweeHHA BeNHUME: 
to, cm; ¢ = (360/7) ty, rpan.; cos wf; 8, em; 8 cos wt, cm; 
¢=0 B Hayane WuKAa KoNeO6aHHi cTONAa. 








II, Uckompre BeaAHYHHDI Ry Hs 











p 
Re ae ep = arc tg ; 
rae A u B ompexeanwtca no dopmyazam: ; 
Am he 
pa 2A 


— aMIAWTy Aa Kone6anni cToaa. 


B tex mMectax Ta6.. 2, rae cheqaHbl CCHIAKH Ha NOWLa Ab 
NOJ KpHBOM,, NOApasyMeBaeTCA MOWab MEK AY KpHBOH UW Hye- 
BOM AMHMeH, 34 HCKO4eCHHeM TeX CAy4aeB, KOI a KpuBaa He- 
CHMMCTPHUHa OTHOCHTEbHO HyJleBOh JIMHHH. SOTO O3HayaeT, TO 
CCH 3aMHCaHHaf KPMBad CHMMeTPH4Ha, TO HMHTerpwpoBaHHe 
MOKET ObITb MPOBeMEHO HEMOCPeACTBEHHO, CMH 2%Ke OHA HeCHM- 
MeTPH4Ha, TO HeOOXOAMMO MpOHsBeCTH HeKOTOPHIe ONepallun 
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a 


Jia =HaXOMKMeHHA OCH CHMMeTpHH. Onepaluwu 9TH CBOAATCA 
K H@XOMKJeHHIO JIMHAM, MapawenbHOK HyeBOK OCH, OTHOCH- 
TeIbHO KOTOPOH KpHBad OyneT CHMMeETPH4HAa (m0 maoujayy). 
Jina 9TOrO HeEOOXOAHMO ONpedeIMTb MAOWAb MeKy 3anmcaH- 
Holi KpHBOM  OCbIO OTCHeTAa Ha NPOTAKEHHH OAHOTO MepHOla 
H pa3sMeIMTb ee Ha AAHHY STOFO NepHoa. B pesyibTaTe Mbl 
NOAY4MM paccTOAHve OT JAHHHM OTCHeTa BO OCH CHMMCTPHH. 
YcTaHOBJeHO, UTO TOYHOCTh H ObICTpOTa BCexX HMHTerpHpoBaHHh 
HM M3MepeHH BO3pacTaeT C YBeJH4YCHHeM JAMHbI 3ancH. 
TlepeuncJIeHHbie BbIWe OMepallWW MOJDKHbI ObITb BLIMOJIHEHBI 
an 3anucef, Cle/JIa4HHbIX DJIA pAa YaCTOT, a BbIUHMCJICHHbIe KpH- 
pple Ry W &, HOMKHbI ObITh BLIUCPYEHb! Kak dbyHKuun w. Coso- 
KYMHOCTb KPHBbIX, NOJYYCHHbIX IKCNEPHMeHTaAbHO MIA OAHOTO 


BULA ABTONHIOTa C 9JEKTPHYCCKHM CePBOMOTOPOM, MOKa3aHa 
Ha dur. 1 u 2. 


AHGAU3 YACMOMHUX CAHHdLX 


Kpuese R ue 6 Oyxkyuu wo. B mpedblayuux paslesrax 
OLM PaCCMOTPeHb! METOAbI NOAYYCHNA YaCTOTHBIX XapaKTepH- 
CTHK CaMOJeTa HW aBTOMMAOTa. Tenepb MbI MOK@KEM, KaK MO%KHO 
UCNOJb30BaTb 9TH KpuBble (cM. ur. 1 u 2) Aaa ompedenenna 
yCTOHYMBOCTH CHCTeMb! camoaeT— apTonusoT. M3 dur. 1 MBI 
BHAUM, 4YTO BeaMuvHa R, pu sHaveHMH w, NpPHOAMSUTEbHO 
Bp 3 pa3a Goabuie R,. Takum o0Opa30M, aMNAUTy2a yLOBAeTBO- 
paeT ycaosmio ycrofiumpocTu. JleficrsureabHo, oTHOWeHHe Rp 
k R, TakOBO, TO ABMKeHHe, BISBaHHOe BOSMYWeHHeM, Oy eT 
YHLOBICTBOPUTEbHO MeMII@UpOBaThCA. 

Ilpyrof cnoco6 a9 OWeHKH BeAMYMHLI Zemm@uposanua Co- 
CTOUT B paCCMOTPeHHH BeAHYMHI 3amaca ycrohuMBocTu No dase 
€4—&) B TOUKe, Tle Ry= Rg. 

B paOote [14] B KauecTBe 3HayeHua, OOeCMeyHBalOWlero yO- 
BCTBOPHTebHOe Memn@upopanue, MaeTCA BeMYHHA + 30°, 
KOTOpasd BLIGUpaeTCA B OCHOBHOM H3 9KCMePHMCHTAaJbHBIX COOO- 
paxenui. Cnoco6 onpeneteHua yCTOMYMBOCTH Ha OCHOBaHHN 
ganaca mo dase CTaHOBHTCA OOee ACHBIM MIP MCNOAb3OBAHHH 
KpuBbix Hafiksucta, KoTopbie OyAzyT paccMOTPeHbi MO3THEC. 

Ha dur. 2 umeem cayuai yxe OTMe4CHHOK HeyCTOM4MBOCTH. 
[Ip 3Hayenun wo, seauyuna R, cCocTaBAseT MpHOAUSHTEABHO 
nososuny seamunnn R,, a samac mo dase B TOUKe Ry—Rp 
apaeTCH OTpuuaTeAbHEIM. Ecau Onl camoweT copepwiad Monet 
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NPM 9THX YCAOBMAX, TO BOSHHKAM On KOneOaHuA C BOspacTaio- 
uweH amMnautynoh. Kone6anna BospacTaqu Obl OecnpezeabHo, 
ecM Obl BH CaMOdeTe HAH aBTONHaAOTe He ObINO0 HeKOTOPHIX He- 
AHHeMHOCTeH, H3MeHAIOWIAX WaCTOTHbIG XapPaKTepHCTHKH H TeM 
CaMbIM OF paHHunBalolwux aMIVIMTy Ay Kone6anntt HEKOTOPOH 6oub- 
WOM NOCTORHHOM BeaMUHHOH. | | 

CucTemMy MOxKHO cyenaTE ycTohuMBo, ecau onHy v3 YeTE- 
PeX KPHBbIX H3MeHHTb B Hy2KHOM HanpaBaenHn. B paccmatpu- 
BaeMOM Cilyae HaKOH XapakTepucTHK CaMO/IeTa B KpurTnuecko# 
OOMaCTH 3aBHCHT raaBHLIM O6pa3oM OT TaKUX OCHOBHHIXx napa- 
MCTPOB, Kak HHEPULHA OTHOCHTeAbHO ocH PbICKaHuA HM Harpy3ka 
Ha Kpbl0,; NOSTOMY B DaHHOM Cayyae Heab3q HaHTH Kakoro-sH60 
MPOCTOrO BUAOM3MeHeHHA NapameTpos CaMOJleTa, KOTOPOe OGec- 
meuu10 Obl | ycrofunspoctn. OnHakO MOKHO H3MCHUTb XapakTe- 
PHCTHKM aBTONHAOTa. CpenctBa, Cc MOMOLIbIO KOTOPbIX MO)KHO 
OOMTbCA TAaKHX HSMCHeHHH, OyAyT paccmMoTpeHbl Hw xe. 

Auaepaunue Haiixeucma. Yactorupie KPMBbIe, MOAYYeHHbIe 
SKCHEPHMCHTaIbHEIM MyTeM, 0 KOTOPHIX TOBOPHJOCb Bille, H 
KPMBbIe, MOMYYeHHbIE pacueTHBIM NYTeM, MOryT ObiITh o6benH- 
HeHbI B OJHY KPHBYIO, BBINCPYCHHYIO B NOAAPHEIX KOOpAMHaTaX. 
Toraa Mb ndayuum XOPOUlO H3BeCTHYI0 AMarpammy Hafixsucra 1), 
Oya jaeT BI OCHOBHOM Te xe CBeAeHHA, KOTOPble MOryT O6bITh 
NOAYYCHbI H3 OTAC/bHBIX YaCTOTHBIX XapakTepucTuK (amnauty 1- 
HOH 4 da3s0Boh), onHaKo ee TIPHMeHeHHe ABAReTCA Bosmee Mpo- 
CTbIM H YOOHBIM. © | 

Jaa aByx CY4aeB, PaCCMOTPeHHLIX BBIILe, KpuBbie Hatt- 
KBHCTa H300paxkeHbl Ha dur. 6 u 7. Son KPHBbIe MOryT 6bITb 
BBIMeCDYeHbI B BANE OTHOMWEHHA 4aMNAHTYQ CaMOjleTa wu aBrTonn- 
nota R,/R, = ($/8)q/(4/3)p, B3ATOM MIpH *a30Bom yrve (@g — &,). 
Takum o6pagom, azpe KPUBbI€, XapakTepusyioulue camodeT H 
aBTONHAOT, MOryT ObITh OG BEAMHEHH B OaHy. , 

B tom cayyae kornga cucrema HeyCTOMUMBa, KPHBaA OXBaTbI- 
BaeT TouKy (1,0), a yacrora, COOTBETCTByl0lUad TOUKE Nepece- 
YCHHA KDHBOH c¢ NeHCTBUTeAbHOT OCbiO, SABAAeTCA YacToTOH 
KONeOaHni cMCTeMHI, KOTOpad Obl4a onpeneneHa Hamu paHblue 
Ha OCHOBaHHH YeTbIpex OTJeAbHEIX WaCTOTHEIX KPHBHX. [Tpu- 
uHna, MO KOTOpoH BMecTo TouxH —1 Gepetca TouKa + I, 
H310%KeHa B&B [IputoxwKenun A. Crporoe ROKasaTeABCTBO- STOFO 














1) AMmautyqHO-da3zoBag XapakTePHCTHKa pasomKHyTOH cHcTeM. —~ 
ITpum. ped, ~ 
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IE oe oe Na he 


KPHTepHA (T. €. MOMOKEHUA O TOM, UTO B cayuae HehTpaJbHOM 
ycTOMYMBOCTH KPHBad MpoxoMHT yepes TONKY (1,0)) tTpe6yeT 
MpHBeyeHHA DOCTATOYHO cnomKHOrO MaTeMaTHueCKOrO ansapata 
M BHIXOAWT 34 paMKH 9TOM CTaTbH. Onnako JerKO MO%KHO MOKa~- 
gaTb, 4TO TOUKa MepecedeHHy, HafieHHad MPH MCMO/Ib3OBaHHu 
mpyX ap KpuBbix, CoBMaaeT © roukott (1,0) kpusof Hafksucra. 


Muumas oco 











Nepedamounaa gyHnyun 
oe (9/8)q-(8/#)p 
50,180°apu w=0 


\ Oxpyuocm 

\ edunuynozo patuyca 
3anac ‘ 
no pase \ 


05 110 Aeticmenmeacxas 
OCb 
Lw,.=92 | 


our. 6 Kpusan Hatiksucta AA THMOBOrO CcaMOJeTa 
c aBTOIMAOTOM MO yrly KpeHa. 


Viz KpuBol BHAHO, TO CHCTeMAa yCTOHUHBa, 


byHkwus *) (Y/d)q° (8/P)p» Kak HSBECTHO, HOCHT Ha3BaHHle 
nepedaTouHon SpyHKUMH CHCTEMPI. Cmpica mpow3sBeyeHHA aMIii- 
tya RalRp AByX MepedaTOUnPHs byHKuNf CTaHOBATCA SACHBIM 
pu paccMoTpeHHu ycAoOBHh HeATpasbHOK yCTOMYMBO-TH, UCcxOaA 
43 OTICAbHBIX WACTOTHEIX XapakTepucTuK CcaMOJeTa HM aBTOMH- 
nota. JieficTBMTeIbHO, eC R,=Rp TO R,/Rp= 1, a ecaM 
Ra > Rp 10 RalRp > 1. CnenopaTeabHo, TOUKe, KOTOpPaA NOY - 
yaeTCH Ha OTMCAbHBIX YaCTOTHBIX xapakTepucTuKax camoseTa HM 
apTonusota (pH yCAOBHH HX nepeceyeHis pv OAHOR yacTorTe), 
6ymeT COOTBETCTBOBATb Ha xpupo Hafiksucta TO"Ka (1,0). 
HetTpy HO BuseTb, ITO CCH Ry > Rp MPH Fa — &p = 0, TO KpuBad * 
Hatikpucta nmepecekaeT eficTBUTeJIbHY!0 OCb BHe OTPe3Kka (0,1) 
H, CeMOBATeIbHO, CHCTeMa HeyCTOMUMBa (cm. ur. 7); a000- 
pot, ecm Ryg< Rp, mpu €g—fp== 0, TO KpuBaa Hafiksucta 





1) Sra yHKuna B AUTepaType [2] o6o3HayaeTca B BUC KG (jo). 
Ona MoxeT ObITD TakWKe 3amHcaHa B BUAe 


Ra et (eg -&p) : 
Ry 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 
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Sams ce cae i GMa a 


nepecekaeT JeACTBUTCAbHY1O OCb B ipexemax oTpeska (0,1) u, cae- 
AOBATEAbHQ, B 9TOM Cayyae cucTeMa 6y eT yCTOHUMBON (cM. cur. 6), 

BpeweHHoe BbiIe NOHATHe ,3anac ycTOHYMEOCTH NO chase“ 
CTA@HOBUTCA ACHBIM H3 paccmoTpeHHA dur. 6. 3anacom no cpa3ze 
HasbiBaeTCA YO MexKDY AeHCTBHTebHOM OCbIO H AY4OM, MIpo- 
BEACHHBIM HS Havala KOOPAMHAaT B TOYKY Mepeceyenna KpuBOR 
C OKPyYXHOCTbIO eEAMHMYHOTO paduyca. 

Metog |Hatikaucra (yacroruitt MeTOR) H eFrO pasJM4HEe 
PasHOBHAHOCTH OCTAaTOUHO NoOAHO PacCMOTpeHbI B AMTepaType 








- lepedamounaa pynxyun 


($/5)q-(O/p)p 





Pur. 7. Kpupan Hatiksucta yaa tunosoro CaMOvleTa 
C aBTONHAOTOM NO yray pbicKanua. 


V3 KpuHBoH BHAHO, 4YTO cueTeMa HeyCTOHYMBA. 


[2, 14, 15] 4), rae mono natin PasAMYHBle MPHMepbI UCNOVb- 
SOBaHHA PpaCCMOTPeHHBIX rpadukos. OcnosHoe fIpeHMYLLeCTBO 
MeTOna HafksucTa COCTOMT B TOM, 4TO OH MOsBONAeT o6be nH - 
HUTb B OHY KPHBy!O m060e uncaO KpHBEIX, COOTBETCTBY 1OILUX 
OTACIbHBIM |SBEHbAM CHCTeMH. B TOM cay4yae Korma cucTema 
COCTOMT H3 OOMBWOTO “MCA OTAeABHEIX 3BeHbER, KpuBas Hait- 
KBUCTa, KaK Je€rKO BUeTb, MOKET ObITb NOAyYeHA B pesybTate 
NEPCMHOKEHHA AMMAMTYLHBIX XapaKTEPHCTHK OTICJbHEIX 3ke- 
HbeB UM areOpanyeckoro ciOxKeHNA UX (a3OBEIx yraos. Vuaye 
rOBOpA, MepelaTounan yHKuuA Bceft CUCTeMBI paBHa npousBe- 
ACHHIO Mep€AaTOUHBIX MyHKUMH OTIENbHEIX 3BeHbeB, T. e. 
B HalleM Cayuae B OOO3HaYeHHAX, NPHHATHIX B paboTe [2] 2): 


KG (J) .roroms = Pal Je) Pp (jo). 


1) CM., Hanpumep, ,OcHoBbI aBTOMATHYECKOFO peryAMpPOBaHHA* non 
pea. B. B. Conogosunkosa, Maurus, 1954, — I7pum. ped. 

4) Pa (Je) coorsetctayet Hamemy Ra = ($/8)a, a Py (jo) — Hamemy 
Rp = CG /8)p. | 
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Se ee 





CnenopaTebHO, MbI MOAy4aeM BOSMOMKHOCTh PasAOKUTb Hallly 
CHCTeMy HA OTJe/bHbI€ 3BeHbA HW BHIMCAMTh Te HS HUX, napa- 
MeTPbl KOTOPHIX HeOOXOAMMO NOOUPaTb. HerpyaHO BHeTb, 
UTO Ha OCHOBaHHH 9TOFO CBOMCTBa MOXKHO 3apaHee ONpPeMeAATS 
cBoHCTBa CHCTeMbI CaMO/JeT——aBTONHAOT Mp YyCAOBHH, ‘TO 
ompemedeHHad YaCTb CHCTeMbI (HalpuMep, CamMOvleT) HMeeT 34aH- 
HbIe XapaKTePUCTHKM, H, TaKHM OOpas0M, MPOCKTHPOBATb CH= 
CTeMBI C 2KeNaeMbIMH CBOMCTBaMH *). 


Saxsrouenne 


Merod yacTOTHBIX XapaKTePpHCTHK Kak B (opMe OTACJIbHbIX 
AMIMIUTYDHO-YaCTOTHON H chaso-yacTOTHOH xXapaKTepuCTHK, Tak 
HW B BHDe aMIMIMTYDHO-as0BblX KPHBbIX HatikBucTa OKa3aJICcA 
YHROOHBIM CpeACTBOM AIA aHadnsa nmpo6iem yCTOMYHBOCTH CH- 
CTEMbI CaMOMeT — aBTOMMAOT. STOTT MeETOA MOMKET MPHMCHATLCA 
WIA OnpemeweHHA XapaKTePHCTHK CYULECTBYIOUNNX CHCTEM WJ 
aa pacuyeTa HOBbIX CHCTEM H oco6eHHO Nome3seH Mp H3yYeHHH 
HeKOTOPBIX BHJOB HeJIMHeMHbIX CHCTeM. Pe3yJbTaTbl YaCTOTHOTO 
aHaiu3a MOryT OBITb HCMOAb3OBaHbI DA BU OH3MeHeHHA KOH- 
CTPyKWHA CaMONeTAa HAM ABTONHIOTA C LedIbiO o6ecneyeHHA yIO- 
BACTBOPHTeAbHOM YCTOKYMBOCTH. OyHakO TOYUHOCTh YKa3aHHOrO 
MeTOa OFpaHHuHBaeTcCA PADOM (akTOPOB, H3 KOTOPbIX OCHOB~ 
Hoe 3HAYCHHe MMeIOT HeETOYHOCTh a9POAHHAMHYeCKUX JaHHbIx 
LAW CaMOJeTa, NPOH3BO/bHbIe DONYWeHHA, CheaHHble Np BbI- 
Bone ypaBHeHHh ABWXKeHHA CaMOJIeTa, H cyluleCTBOBaHHe HEeJIM- 
HeliHocTefi B CHCTeMe ABTONMAOTa. OTH OWIMOKH MOXKHO HECKOADKO 
YMeHbIIMTb, ECM MpOWSBeCTH BBINHCCHHA, KacalollMecd CaMo- 
jleTa, Id WOCTaTOYHO WHPOKHX NpeAeOB H3MCHCHHA agpOAH- 
HaMHUeCKUX KOIPDMUMEHTOB WH MPH Pa3AHUHbIX AONYULCHHAX U 
CCIM MpOM3BeECTH TILATCIbHbIe HCMbITAHHA aBTONHIOTA B LOCTa- 
TOUHO WHPOKOM AMalaszoHe 4YaCTOT HM aMIAHTYA. 


MMPHJIOMEHUE A 


CpaBHeHHe YaCTOTHOFO METOMa C TOUHBIMH MaTeMaTH4eCKHMH 
MeTOMAaMH aHaJH3a YCTOHYMBOCTH CHCTEMbI 


nA MANOCTPaUHH MOAOKUTEAbHBIX WH OTPHUATCJbHEIX CTO- 
pOH YaCTOTHOrO MeTOJa paccCMOTPHM IIpHMep aHaJsa ycTonun- 
BOCTH CHCTeMbI C OHOM cTeneHbio cBoCoab. IIpumem culenylo- 


1) TlocneqHuH pastel CTaTbH, NOCRBALWCHHBIH OOcywKReHHIO NOAy- 
YCHHLIX pesyAbTaTOB, pH mepeBore onyujex. — [Tpum. peo. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Kppioved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 
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WHAM NOpAAOK pacuera. Buayane Mu NOAY4HM YaCTOTHEIe Xapak- 
TePHCTHKM |CaMONeTa MM aBTONMAOTa u Ha OCHOBaHHH 9THX 
XapaKTepHCTHK HMCCeAyem ycrofunpocth CHCTEMbI PaCCMOTPeH- 
MBIMH BEILe MeTOAaMH. SaTeM AA CpaBHeHHa NOJYYeHHEIX pe- 
SYbTATOB C TOYHBIMH MbI COCTAaBHM H pewumM Aubdepenunaabutie 
yPaBHeHHA CucTembl. Hakoveul, MbI CpaBHUM "WacTOTyY Kone6aHuh 
H KOSppuuKeHT Aemnduposanna CHCTEMBI, MOJYYeHHbIe HA OCHO- 
BaHHM TOUHOTO H NpHOawKeHHOrO peueHuit. | 

Cuctemal BbIOpana, HCXOAM 43 NMpocToTH nOJy¥YeHHA TOUHOTO 
PeWeHHA ONMMCbIBAIOWIUX ee ANddepeHuMaAbHEIX ypaBHenntt. 





: — Ta6auya 3 
Pr 
punea: ! Onucanne Beawquau 
| 
[, | Momeut nnepunn ornocuterbuo OCH 2 2,9 «I+ M- cen? 
N i IIpoussoquan ot MoMeHta PbickaHHA | — 14,5 KI. «-cex/pad 


NO| YrAOBOH CKOpocTH pHcKaHHA 
Ny Hpow3ssoquaa oT momenta PbickanHa | —0,24 xl. m/pad 
NO | yray pbickanua | 
Ns | Mpoussoquan ot momenta PbicKaHHA | — 0,24 KI. u/pad 
NO yray OTKIOHeEHHA pyre 
i TloctosuHaa Bpemenu cuctemn ympas- | Ilepemenna (cex.) 





eHHA 
K | TMepenatounpit KOS@(PHUHeHT CHCTeMBI «0,6 
ynpapaenua . 


B ta6a. 3 npeacrasazensi peanquuus, KOTOphe noTpe6yTca 
AAA pacueTa MONOAHHTeABHO K MpHBeAeHHEIM Bue. 
Y papnenne 





(,D?—N,D—N,)b=N,3 (Al) 


ONpeeiaeT BWKeHHE CaMOJeTa C OrpaHW4eHHaMU No Kpeny u 
CKOJbKEHHIO, ‘HO CBOSOAHOFO NO yray pbICK aHua. 
YpaBHenne 


3= K(1—ID)4, (AQ) 


UCNOMb3OBaHHOe AAA aBTOMMAOTAa, ONUCLIBAeT OesHHep WHOHHYyI0 
CHCTeMY, B KOTOPOH OTKAOHeHHE pyzeH Mponopunonasbyo yray 
OTKAOHEHHA CaMOdeTa, O6maZal0llyi0 AeMNupoBanvem, npo- 
HOPUMOHAAbHBIM CKOPOCTH OTKAOHeHHA CaMmoueTa. 
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Jlaa onpeneaenua coOcTBeHHOM acToTbl KONeOaHHA CHCTEMbI 
caMOJIeT — ABTOMNMNOT HEOOXOAMMO MpexkAe BCero PeLHTb Xapak- 
TepucTHyecKkoe YPaBHeHHe, COOTBeETCTBY Wee a a 
HOMy YyPpaBHeHHiO CHCTEMHI. TloncraBian ypaBHeHue ( 

B ypapHenve (Al) “ rpynmupys MOMOGHbIe YeHbI, NOAYYHM 


(LD? +(—Ny+N,KOD—N,—NK1¥=0.  (A8) 


Kak yoke TOBOP410Cb BbILIe, yaCTOTHble KpuBble Obl MO/y- 
ueHbl JAA cayyad HefTpasbHol ycTOHuMBocTH. eae BeJIH - 
a30M, YTOOM M0JI- 

unHbl Ny ¥ NJAK Opiam BbIOpahbl TaKHM oop ; 


Hoe jemmtbupoBaHHe CHCTeMbI paBHAOCh HyVTO. ITO ycuoBue 
Oy eT BLIMOAHEHO, CCK NOMOKUTb Ny = NIK. 


Yuurpipan 9T0, ypapHenve (A3) MOXKHO 3amlucaTb B BU Ae 
U,D?-+-(—Ny—NaK)9 = 0. (A4) 


Mu mouvyuman ypaBHeHve He3aTyxalouyux KOMeOaHHA, MmpHyeM 
COOCTBeEHHaA “YaCTOTA CHCTeMbI paBHa 


Ny+Nak 


®),, == . 
n =) 





Tenepb moKaxkeM, Kak Ta 2%Ke CaMad BEIHUHHA W, MOKET 
6bITb NosyyeHa YaCTOTHbIM MCTOJLOM. TlepBpih wiar 3akmouaeTCA 
B BbIMMCIeHHH YaCTOTHBIX XapaKTePHCTHK CaMOweTa. TloxpooHo 
MeTOM BLIUMCJICHHA YACTOTHBIX XAPaKTePHCTHK CaMOueTa U310%KeH 
B paodotax [3] wu [4], wu mosToMy MbI 32eCb MipHBeeM JIMLUIb 

JbHbIA pe3ybTaT. 
Pe wen alia Si eben e CaMOvieTa, YpaBHeHve JBYKeHHA 
KoToporo umeeT Bua (Al), MoxkeT 6bITh 3anncaHa B Bue 


y — N, (1,07 + Ny) it . N,N 5, . 
Wares 2 2 2 2 J retN Y+Neo 
. (fo NG) +Niyo ce 4 i 





> 


0 


7. e. B Bune A+ JB. 

UacToTHad XapaKTepHcTHKa CaMOw/eTa OnpelemdeTCH BeEKTO-~ 
poOM, aMIIIMTyla H tba3a KOTOPOrO 3aBUCAT OT YACTOTH BXOJ- 
HOrTO BOS3MYLICHHA, ABIAIOLerOCH rapMOHHMYeCKON (yHKiueh 
BpemeHH. JLaa AMIWIMTY MHO-YaCTOTHOM XapakTepACTHKH MOMKHO 
3anluCcaTb 


Ry VTE 
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HK Oosee | NOApOoHO 


Ry= ak 


2 2 2 2 
V (Lo +N,P +Nj 0 


é, = arc tg as 


(AS) 
H Aaa pasn 


WI 





—Nje 
7 Eq == afc '8 Rat N,’ (A6) 
OTH KpMBblé NOKasany Ha ur. 8. 

“acrotHad XapakTepucTuKa aBtTonuaota nojyuaeTca aHaso- 
rHYHbIM OOpa3oM, NO3ITOMy 
MOXKHO Cpa3y 3anHcaTb Ha 
OCHOBaHHH ypaBHeHHa Aaa 


aBTONHJOTA | 
5== K (1 —ID) 9, 
€,p==arcitglw, (A7) 





Rp (A8) 





nee I 
— K Vi +f Pad” 


OTH KpHBHe. TaKKe Mper- 
CTaBeHbI Ha dur. 8. 
YcuoBue | BO3MOxKHOCTH 
KOeOaHHA | 3aksOUaeTCA 
B TOM, YTOOBI dagoBbie ua- 
CTOTHBI€ XapaKTepHCTHKH 
CaMO/eTa HW aBTONHIOTA 
nepecekanucas. Tipu stom 
wacTOTa KONeOaHHH onpe- 


Amnaumydor Rau Ry 
Pasa-z, zpad, 








ACAACTCA U3: YCOBHA Yacmoma w, pad/cex 
eens. Pur. 8 Yactotupe xapakrepucruxu 
p CaMONeTa, HMelOUlerO OAHY cTenenb 
caoOogbl — m0 yray pbicKanna. 
Jaa ee TOUHOTO onpee- ABTONHAOT ONHChIBaeTCa ypaBHeHHem 


JICHHA MOXKHO HCIIO.1b30- Kpuppe cooTseterByiwT cay4an’ HEAT paabHon 


BdaTb y paBHeHua (A6) CHCTeEMH (rpaHHue ycToAunpoctH). 
Hu (A7) Ww ycaosue N;=IN,K. Torga noayuun 
N. @ 


arc tg lw == arc tg a a a Ny" Eq = Ep, 
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OTKYAa MA YACTOTI COOCTBEHHEIX KOeOaHHA MOXKEM 3aTlHCaTb 
clemyloulee BbIPaKeHHe 


Nil +N; Ny +N3K 
Ss es RD eee ll a ES 
Yo Vv =, = ae (A9) 


KOTOpOe COBMadaeT C Pe3YAbTATOM, NOAYYEHHDIM U3 auddepeu- 
lWMaJIbHOrO ypaBHeHHA CHCTEMbI. 

Tenepb Ha OCHOBaHMM ypaBHeHHuh (A5), (A8) u (AQ9) MoxkHO 
CpaBHHTb aMMAMTYAHble SHAYeCHHA MPH W = We. HetpyAvo mpo- 
BePHTb, YTO MOCTe NOACTAHOBKH ypaBHeHHuA (A9) ypaBHenne (A8) 
Oy MeT TOKMECTBEHHO YpaBHeHHio (A3) H, CaeOBATebHO, YC1O- 
BHe HeliTpaJbHOM YCTOHYMBOCTH OyAeT BRINOAHEHO, YTO H noKa- 
gaHo Ha dur. 8. 

Onpedenrenue 4acmomel deunguposaHHex Konzebanud. Kak 
yxKe yKa3blBaJiOCcb paHee, TOUKA MepecedeHHA (ba3OBbIX YacTOT- 
HBIX XapaKTepHCTHK yrxKe He OyeT OMpedeaATh YacTOTY co6- 
CTBeEHHBIX KO/eOaHWft CHCTeMbI B TOM Cay4ae, Kora Mbl HMCeM 
ycTonuMpylo MaH HeycTohuMBylo cucTemy, T. ¢. Kora aMILJIM- 
TyaubIe MH chasoBble XapaKTepHCTHKH CaMOeTa H aBTONM OTA 
mepecekaloTCcA Mp pasHbiX YacTOTaX. OnHako coOcTBeHHas 
“aCTOTAa CHCTeMbB! B 3TOM CAy¥ae MOKeT OLITb AerKO onpete- 
neHa, @CH Mbl MMeeM 4YacTOTHble XapaKTePHCTHKH CHCTEMHL, 
BLIYHCHeHHBIe Jia 3alanHoro Kos@puunenta Aemmduposanus 
cucrembl. B 93TOM cayyae BO3MOXKHO CAenyloulee pellleHHe. 
Tak 2Ke KaK H paHbilie, BHaYate MMWYTCA ypaBHeHha DBWKCHHA 
CucTeMbl, B KOTOpbIX yc1oBHe HehTpaJbHOH YCTOHYHBOCTH 3aMe- 
HaeTca ycoBHem Ny > 1N,K, CoOTBeTCTBYIOWWMM Cilyqa10 ycTon- 
UHBOFO ABYWOKeHHA CHCTeMbI. Toraa ypaBHeHwe CHCTEMbI MOIKHO 
ganucaTb B Bue 


(|,D?—~N,D—N,)¥=N,K (11D) 9 


Mu 4wacTOTa DemMndupoBaHHblx KOAeOaHHA ONpeAecAUTCA cbopmy 10H 


ENG ENKI Ny NK 
Ong = nose ae —— a ares ‘ 
2 


2 





Jina npoBepku 9TOFO pesyAbTaTa HeOOXOAUMO, Kak H paHbille, 
NONYUMTh YaCTOTHbIe XapaKTePMCTHKH CHCTEMEI. OjHako Tipu 
3ameHe onepaTopa D nemndupyioulmh WieH MOXKHO HCKIIONUTD- 
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12. 
2. Yacrornoitt aka Aus ycroiausoctu camoneta c asTonusoTrom 40] 


JleictauTesbHO, HMeem 


. 1,D!—N,D—N, , 


aed Hea recta D=jw mu HCHOAbSYeM NOACTAaHOBKy 
a ae » TRE & paBHO cymme Aemndupyiowux uzenos 
Seas eres np# D, aeneHHomy na YABOCHHBIK KO9p- 
ee pe ) B ypaBHenuu aBMxKeHuA CHCTEMbI CaMOvIeT — 
: - ‘0Pda YaCTOTHaA XapakTepucTuKa caMmoseta MOXKeT 
bITb 3aNHCaHa B Bue 





(2) SN 
ee fg(— 4+ Joh —Ni(—a ¥ ja) — Ni, 


OTKY a | 
ya Gs diate aMILIMTYAHyIO u aszosyio yactortupie Xapak- 


TEPHCTHKH Camoveta: 
N, Ty w2— 7 Od a3 
a 
Ct i) TNGY— NP (2Tuo FN, oy ? 
TPOTN :0 


8—= arcig——_,—___,__? 
Lu TEN va aN : 


CopepuieHHo aH 
ANOTMYHO YACTOTHBIe xa 
akTepH 
MOXKHO 3anucaTb B Bune PakTep¥CTHKH aBTonuaOTa 








v\ 1 + lu i] 
Ss aw 
( ), K{( Flay + Pat RG Tita , 
e= arctg ear ‘ 


Yacrornpie xapaktepucruKn CaMOeTa HW aBTONHAO 
ABYX 3HaveHHH BennunHE | MpeACTapseHbl Ha dur a 10. 
Kak yoke ykasbiBaqocn, coOcTBeHHaa yacrora nemnda 
KoneOaHHh onpenensetca u3 YCNOBHA &, —e es 
Takum o6pa30m, umeem ae 
le 2/,u0 +N 0 


arc tg == arct 
eee i 
Iu . LA—TALN aN, * 








OTKya Haxo.uM 


WO. = AEN (SEEM 
40° I, ) 


26 Sax. 2356, 
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Vi3 3Toro BbIPaxKeHHA BHAHO, YTO > copramaeT C YaCTOTON ,, 
HafeHHOM Ha OCHOBaHHH pelleHHA mudcpepenHiMatbHOrO yPpaB- 


HeHHA CHCTeMBI. 
Ha dur. 8—10 npeactaBaAcHl uaCTOTHbIe XapakTepuCcTHKH 


camojeta uM aBTOMMAOTa AA Tpex gHaueHuft mapameTpa J, a 
Ha pur. 11 — cooTBeTCTBYIOUMHe Kpusple Hafksucta. Mbl BAAMM, 
uTO YacTOTb, KOTOPbIe COOTBETCTBYIOT TOUKaM mMepeceyeHHs 


8G 





t 20 o 
oe” 2 me 3 ex 
oe 100 *. 3 z 
%. 3 e Ss. 
= 80 S ad o 
= 10 S. 3 é 
& 3 
= =x 
“= 60 


05 : ) 40 





0 
0 4 6 12 6 20 
Yacmema a, padjcer 


Yacinoma w, pad/cex 


@ur. 9. UacroTHpe xapakTe- mur. 10. UacroTtuple xapakTepHc- 
pHCTHKH caMOyeTa, HMeIOULeTO THKH CaMOueTa, MMEIOLero OAHY CTC- 
OmHy CTeMeHb CBOOOAbI — MO yray neHb CBOOOJH — 0 yray PbICKaHHA. 


pbicKaHHA. ApronuaoT onucnipaeTca ypaBHeHHeM 


= a ‘ =—V, ; =0,05. 
Apronuaor onucniBaeTca ypaBHeHHeM 8=K(1—-1D); K 0 a l eeanuinon 
8=K(1-ID)$; K=0 6: 1=0,2 Kpupne COOTBeTCTBYIOT Cy"! wy 


CHCTEMBI. 
Kpusne cooTBeTCTByIOT cayuaio He- 
yCTOHYABOR CHCTEMEL. 


Kpuspix Hatkesucta C neHCTBHTe/IbHOK OCbIO, copmanaiwT c 4ac- 
TOTAMH, COOTBETCTBYIOULHMK TOUKaM nepeceyeHia PasOBblx Xapak- 
FepUCTHK caMOJeTa WH aBTOMMAOTA (cm. cur. 8—10). Ce 4,0- 
BATCJIbHO, CCIM HCMOb30OBATb pe d.102KeHHEIA KpuTepuk ycTon- 
unsocTH, TO Aerko BuleTb, TO o6a MeTowa (MeTOJ KpHBbIxX 
Hatikpucta WH MeTOM YaCTOTHbIX XapakTepHCTHK) COoBMalaloT. 
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Kak yoke yka3blBanoch, OObIYHO B AMTepaType pu anaause 
YCTOMYMBOCTH CHCTeM paCcMaTpuBaeTca ToOUKAa (—1,0), a ne 
TouKa (1,0), Hucnomb30BaHHaa B HacTOseH paOote. Sto pas- 
MMuMe -OObACHHETCA BLIOOPOM B3HAaKOB B ypaBHeHHAx CaMOueTa 
M apTonuagra. O6biuHO B 9aeKTpOTeXHHKe MPHHATO BLIPaKaTb 
KOPPe€KUKW: NOAOKUTEBHOH OWHOKH OTPHUAaATebHOK BeMUHHOH. 








Heycmoiuuean 
cucmema 


Aciicmeumeavnan 
| OC w=0 


Pur. 11.§Kpusse Haiixsucta ara cayuaa ycTou- 
WHROH, HeHTpatbHO HM HeycTOMUMBOH CHCTeEMN Ca- 
| MOJeT — aBTONHAOT. 


OnHako B COOTBeTCTBHH Cc CHCTeMOM 3HakKoOB, npHHATOH B NACA, 
KOppeKUHA NOAOKUTeMBHOM OWNOKH (cooTBeTCTByIOUIef ABYKe- 
HHIO BBepX) MPOHSBOAMTCA BBeE.eHHeEM NOJOKATEABHOK BeAMYHHE 
(coorsercrayiouler OTKJOHEHHIO pyleH BHu3) 1). Sto oG6crTos- 
TeJIbCTBO H IpHBOAUT K CIBHry KPHTHYeCKOH TOUKH Ha 180°, 
OnHake noHATHO, 4TO kpkBbie Hafksucta ofMHaKOBO cnpasen- 
TMBEI B OOOHX CAyYaaX H MeTOR HX HCNOAb30BaHHA B O6OHX 
cAyuaax OCTaeTCH TeM 2Ke CAMBIM. 





1) PopmyauposkKa yactotHoro KPHTepHs YCTOHYMBOCTH s3aBHCUT 
OT NPHHATOH CHCTeEMH KOOPAHHAT H B H3BeECTHO Mepe ABAAeTCA Npo- 
H3BO.bHOH. Ognako B Hamed 4AHTepaType MPHHATO CUNTaTb, YTO NONO- 
KUTEMDHOE OTH AOHEHHE CHCTEMBI KOMMEHCHPyeTca OTPHUaTeAbHLIM pery- 
THPYiIOUlMM BO3ReHCTBHeEM; 9TO NPHBOIHT K TOMY, TO KpuTHyecKon 
TOUKOH ABAAeTCA TOUKAa C KOOpAHHaTamMH (—1,0).— /7pus. ped. 


26* 
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. ‘ - @ m — _— A nn —- — - = . 


MPUAOKEHHE Bb 
YpaBHeHnA ABWKCHHA 


Tipu cocTapieHnu ypaBHeHu MpowowbHorO HM 6oKoOBOrO 
IBWKeHA CaMOJeTa OL NpPHHATLI Ce AYIOUIMe ONY WeHHa: 

1) oTknoHeHHa CcamMOweTa OT ycTaHoBKBllelica TpaeKTOpHun 
BWKeCHUA Ma@JIbl, T. €. MpHpaliene MepeMeHHOH 3HauHTeJbHO 
MeHbIUe @JHHHILbI; 

2) penwuunHamMW MpHpaillenH BTOporO BM 6onee BbICOKOTO 
NOpAdKa MOIKHO npeHeOpeub; 

3) cyMMapHbiit gddekT OT HeCKOMbKHX Bo3slehcTBuK paBeH 
cyMMe 9peKTOB, BLIYMCAEHHEIX OT KaxKloro BOsmelicTBHA (IIpHH- 
Wun cynepnosvuun); 

4) wsMeHeHMe adpOAMHaMHYeCKUXx CMI M MOMCHTOB, CBA3aH- 
Hoe C OTKOHeHHEM CaMOJleTa OT TpacKTOPHH yCTaHOBUBUer ocd 
BYWOKeHHA, MpAMO MpONOPLMOHAIbHO OTKJIOHCHUIO; 

5) GoKOBOe HM NpOMOAbHOe ABMKeHHA CaMoJieTa He3aBHCHMbl 


pyr oT apyra. 


Y pasnenun npoOorbHo20o Bud eHUA 


THeuncenue c mpema cmeneHAMu ceooodw. Tipu cocTaBAe- 
HMM 9THX ypaBHeHhh Obl1M MCMOMb3sOBaHE clemyloulHe XOpOllo 
HBBeCTHBIe OOO3HAYeHHA LA MapaMeTpOB ABWKeHMH caMoveTa: 
1 —— OTHOCHTe/JbHOe MpwpallenHve CKOPOCTH CaMOAeTA, § — npu- 
ppallenue yraa KacaTedbHOH M10 OTHOLICHHIO K TOPH3OHTaJbHOn 
ocu HW a—yroa aTaku. OOosHaueHHs IpousBOAHEIX Cp, Cy u 
Cm COBnanaoT c OOWLenpHHATBIMH 1), Kpome Toro, MoryT ObITb 
TakoKe MCMOJb3OBaHbI AOMOJHUTCAbHBIC KosppuuMeHTE, HeEoO- 
XOMMMbIe DA aHanu3a OecnMOTHOrO ABWOKCHHA camosleTa. OTH 
KOSPOHUMEHTE! MOTYT ObITb HCHOMbSOBaHBT B ypaBHeHuu mpl 
YCAOBHH, UTO OHM BbIPAKCHb! B TEX KE eNMHUIaX, YTO MH BCE 
OCTaAbHble MpOHSBOAHEIe. 


YpaBpuHenue cHAB AOOOBOTO CONMpOTHUBACHHA 
mV c 
AY. py = —2(Co+ Cp,)4— (Co, + €DnD gy) 2 
2 c 
— (Co, +Com, 72) %— C2 av OP — 


W 
— To sin aa— aS COS Yo (8 — a). 





1) OGo3Ha¥eHHA OCHOBHEIX KOOPAMHAT H ad POMMHaMHYeCKHX KOIp- 
(PUHEHTOB OTAMUAIOTCA OT IPHHATHIX Y Hac. — [/pum. ped. 
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12, Yacrornoul anaaus ycrowaueocru camoareta c asronunotom 405 


YpaBueHne NOAbEMHOK CHAI 


mV... mV 
qs PP— 5 a= (2Cr+Cr,) 4-4 


+(Ci,+ Chip. 37 D)a+(Cry,+Crps, _ D) ee 


! c W , 
+Crpp 5 D6 + To COSA a+ > sin Yo (9 — a). 


YpaBHeHHe MOMCHTOB 


ly 


c c 
+6am 9) D4 (Cm, + Cana Oho 2 


B 9THX ypaBHeHuax ObIM HCNOAb30BaHEI ClleLyIOWUlNe KOsp- 
ULHEHTEI: | 


m—-Macca CaMOmeTa, m. e. M.: 

Q — AwHamuyecKoe MaBsenne, KI) m2; 

P ——IIMOTHOCTh BOSLyxa, m. e. m./m3; 

S —Maoulaib Kpbia, 2; 

¢ —CpeMHAA aSPORMHaMHMYeCKaR xopaa, m4; 
D —orepatop nudpepenuuposanna d/dt; 
V —sdsayuinaa cKopoctp, M/cek; 


i= ah 

Cp — Kosduunent 1060B0ro0 conporusaenisa — 
== (Cua 1060B0r0 conpoTuBaeHua) /gS; 

Cr—koopuunenT nobemHott cub = 
== (moabemHan cHusa)/gS; 

Cm — kosUlveHT MpOnOAbHOTO MOMeHTa = 
= (MposOAbHBI MOMeHT)/gSc; 

Tor — Kosuuvewt Japzenua = (qaBuleHue)/gS; 


%® -—yYMOul aTakH, pao; : 
§ —yron Mexay ocbio caMoaeta u rOPpH30HTOM, pad; 
Y ——yrO M@KAy KacaTebHOh K HaNpaBaAennio ABYOKeHUA 


WEHTpa THKECTH KH TOPH3OHTOM, pad; uumexc OQ 
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osHayaeT yCTAHOBHBLeecA BHayeHHe, ¥ 6e3 MHDeKca 
o3HalaeT OTKMOHeHHe OT yCTAaHOBMBUIcrOca SHadecHHa. 
db | 
9 at’ 
$—yroa oTKAOHeHHA pyich, pao; 
y—KpaTuaiiiee paccTosHue OT AHHH laBJIeHuA MO WeEHTpa 
TAKECTH, M; 


Oy Cy yy 
Cp, C13 Cm.=Ga > “a? ~da’ 





On. oC, , mw 
Cop, Chips mp. = 0(Dac/2V)’ O(Dac/2V)’ oa(Dac/2V) ’ 


aCn Cz, Oy 





Cp,3 Cr, Cn, =a ee a ou? 

OC py OC;, OC, 

Cp»: C15) Cm, = oo.” oo” oo” 
Cp . Cy, OC 'm 


Copy Caps Cmps= a qep2V)? ~—O(qek2V)? —-(qe]2V)’ 


OCyp  OCyz Cy | 
Cpy Cr Cus =F? GB? OB”? 


Cy, . Ly 
Chpy Cmps = 9(DeeQV)’ O(Dbc/2V) ° 


Ypasnenun cucmembl c OBYMA CmeneHAMU ceobo0n. Jpu- 
*KeHHe, KOTOPOe ONUCHIBAeTCA TPeMA NOYYeHHBIMH ypaBHeHHAMH, 
COCTOUT H3 ABYX ABMKeHHH: c1abonemnupoBaHHoro cbyrouAHOro 
nBWwKeHUA C GOONbUIMM MePpHOMOM, B KOTOPOM yroa aTaKH OC- 
TaeTCA MOUTH MOCTOAHHBIM H MCHAIOTCA AMIb CKOPOCTb H yrou Y; 
H CH/AbHOJeMM@UpOBaHHOTO BMKeEHHA C MaJIbIM TI€PHOAOM, B 
KOTOPOM BO3AyUWIHad CKOPOCTb OCTaeTCA NOCTOAHHOH, a MCHAIOTCA 
yrap 9 u a. : 

Tlockoubky aBTONWOT pearupyeT AMI Ha H3MCHEHHE YT AOB 
ua, TO OH SyNeT BeHCTBOBATh JHWb B PexKUME KOPOTKOMEPH- 
onwuecKkoro ABuxKeHHA camoueTa. IlosTomy MepBoe ypaBHeHHe 
CHA CONpOTMBAeHMA Mp aHamWse CHCTeMbI MOXKKHO ONYCTHTD KH 
pacCMaTpHBaTb JIMIUb YypaBHeHA OTHOCHTCAIbHO yraop @ u a. 
Qtu ypaBHeHuaA MOryT ObITb 3aNlMCaHbl B CeEAYIOUWeM BU De. 
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Ypapuenue NMOAbDEMHOH CHA 
mV mV c 
ey DI — TE Da—(Cr,+ Crips 47 D)a— 
| c Vv. 


= (Cr, +Crps, ap D)te. 


YpaBHeHHe NPONMOABHHX MOMECHTOB 
Pp (G6. 8 eC J pt 
qso Ot —\Cmg + Cmpagy P )* — Cm 37 D5 — 


— Te = (Cuz, + Cups, 397 D) be. 


Ypasxexun Gokosoz0 Osuncenun 


Poickanue u 6okoso0e cKoAscenue. Tlonuple ypaBHenua Onn 
NpHBeeHH, B Hayaie paOoTH. Jaa HeKOTOpbIX THNOB CaMOJeTOB 
STH ypaBHeHHA MOryT ObITb yMPOLeHb! HW CBeJeHbI K JBYM HIM 
axe K OJHOMY ypaBHeHHIO, KOTOPbie COOTBETCTBYIOT CHCTeMaM 
C ABYMA H ODHOM cTemeHbio cBoOoaAbl. Tak, ecu cCaMouieT 
oOjaqaeT CHMMeTPHeH OTHOCHTeAbHO MaocKocTeh (x, 2) u(x, y), 
TO OOBIYHO, MOXKHO CUHTATb, YTO ABMKeHHe KPeHa He 3aBHCuT 
OT ABYX Apyrux ABwxKeHAK. ITO mpeznoOKeHHve MOXKHO NOL- 
TBEPAUTh MPOAYBKOK CaMONeTa B a9PONHHAMHMYeCKOK TpyGe u 
BRYA CEHHEM KOSPpHUHeHTa Cras KOTOpHIM B STOM Caly4ae oO.- 
*KeH ObITb, paBeH Hywl0. TakHM O6pa30M, CCIM He YUHTHBATb 
BpauleHHa camouera BOKPyr NpOQOAbHOM OCH, TO MOXKHO 34amH- 
CaTb CleRylOulMe Ba ypaBHeHHaA: 


YpaBpHeHwe AAA yraa ppckaHHa 


mk? ; 
756? 9— Cor 577 DY — Cog B= 
| b 


= Crs, Sat (Ci, + Cup, OV D) dy. 
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YpaBHeHhe O6OKOBOrO CKOAbKCHHA 


VD W ss. b 
(“is — as te See gy D) P+ 


mVD b 
a (5 — Cy) p= Cys, oat (Cys, oe Cypi, OV D) oy. 


CnenyeT UMeTb B BHA, 4TO MpH CeaaHHblX MONYIULeHMAX 
CpakeIUBO JMWb MpesmOAOKeHHe O He3aBHCHMOCTH PbICKaHuA 
vu OOKOBOFO CKOABKeHHA OT KpeHa camomeTa. OnHako OOpaTHoe 
yTBepxKAeHve ObIN0 Obl COBEPLICHHO HeBePHO, MOCKOAbKY ypaB- 
HeHHe JIA yrla KpeHa HMKaK HeJb3A CYMTaTb He3aBHCALLHM OT 
IABYXKeHHA PbICKaHus. CrenopaTebHO, MOMyuleHHe O H€3aBHCH- 
MOCTH J\BH?KeHHK CHpaBeAAHBO TOJIbKO B TOM CJIyude, ecsiu 
uMeeTCA JOCTaTOUHO xOpOoulad CTaOWM3allMA CaMOeTa OTHO- 
CUTCIbHO MPOMOMbHOM OCH, KOTOPaA OFpaHHuWBaeT CKOPOCTb 
KpeHa NO BeAMYMHEI, MpaKTHYeCKH HesaBHcAleH OT MOMeCHTA 
pbicKaHug. 

Ypasnenue OAA yena KpeHa. OCHOBbIBaACh Ha Cle aHHbIX 
MpeAMOAOKeEHHAX OTHOCHTEbHO CHMMETPHH CaMOvleTa, ypaBHe- 
HHe Jd yrla KpeHa MOXKHO 3aNHCaTb B CilexylouleH dopme: 

mk®,D? b b 

( “Sb — Crys D) @ = (Cu, + Cie, 3p?) a+ Crs, 2 
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13. SKCNEPHMEHTAJbHDIE METOJbI ONPENENEHHA 
YACTOTHbIX XAPAKTEPHCTHK CAMOJIETA B MOJIETE 4) 


I. Cuum, B. Tpunaemm 


OBO3SHAYUEHUHA 


Ia, Ty, [,—MOMeEHTLI HHEPLMH OTHOCHTeAbHO ocelt x, y H Z, 
KI” + M+ ceK?; 
I 42 — WeHTpobexHEIA MOMeHT MHepuMH, KI. m+ ceK2; 
K —kospuunenT ycusenus; 
L, M, N—MomeuTbl Kpena, TaHraxka u pbickanua (cM. ur. 2), 
K+ M; 
S——olaib Kpbiibes, «2; 
V—cKopoctb, /cex; 
X, Y, Z2— cub, HaNpaBrenHbe BAO oceti, MOKAaSaHHBIX Ha 
ur. 2, «KI; 
C——CpeHAA aspOMMHaMHMYeCKaN XOpaa, mM; 
m—wnacca, KI”- cex?/M; 
q-— yrAoBad CKOpOCTbh TaHTaxka, pad/cex; 
$—onepatop Jlanaaca; 
¢—.Bpema, ceK.; 
j =V—1; 
4— Yyrol aTaku, pao; 
6 — OTKIOHEHHe py. BBICOTEI, pad; 
§—yron TaHraxa, pad; 
P—-NAOTHOCTh BO3ayXxa, KI": cex?/au'; 
C— kosdpuunenT zemnduposanng; 
Q-——-a3zopbi yron, 2pad; 
W— yroBaa uacTota, pad/cex; 
W, — COOCTBeEHHaA YacTOTa Mp OTCyTCTBHH AemndupoBa- 
HUA, pad/cek; 
T-—-MOCTOAHHaA BPeMeHH, CCK. 


Touka, CTOsilad Han BeMYHHOM, O6o3HauaerT Nt POH3BOAHYIO 
nO BpemMeHHi | 





!) Smith G. A, Triplett W. C. ; 
1383—1390 (1954). P , Trans. ASME, 76, Ne 8, 
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414 lr. Cmur u B. Tpunaerr 


et 
un a a a a a 


Bepegzenne 


Heo6siuaiHo WHpOKHHA AMama30H CKOpocTei {A BBICOT, Ha 
KOTOPbIX JIeTaIOT COBPeMeHHbIe CaMOACTHI, Tpe6yeT peuleHHA 
CNHOMKHBIX 3aau, Kacalolukuxca yCTOMYHBOCTH H yNpaBJICHHA. 
TpyAHOcTH, C KOTOPbIMH MpPHUIOCb CTOAKHYTbCA MuOTy MPH 
paspellicHHH 9THX 34044, B 3Ha4HTeAbHOM cTeneHH o6y COBH 
TO OOMbIUOe BHUMaHve, Kakoe yJeseTCH B HacTOMIlee BPeMA 
ABTOMATHUCCKMM CaMOJleTaM-MepeXBaTUHKaM HM YMpaB/IAeMbIM CHa- 
palaM, TOUHOe yIipaBJeHWe MaHeBpaMH KOTOPHIX BO BPeMA 
6oeBbix seficrBul 3aBucuT oT NoBeteHua aBTonuaoTosB. Jaa 


Bxodnoti 
















Yopasanrouud Se 
cuzHaA 
——>+(x)}- JCUAUE Nb Cumosem 


lle 
vopamuyou 
COMSU 


Pur. 1. YnpoujenHan 6AOK-CxeMa CHCTEMBI CaMONeT — 
aBTOMHAOT. 


qHadu3a 39THX CAO%KHbIX CHCTeM C y4eTOM AHHAMHKHM CaMOJeTa 
ycmewiHO MpHMeHAIOTCH MeCTOAbI YaCTOTHbIX XapakTepHCTHK. 

YnpouwleHHad CKeqeTHaA CXeMa THMMYHOTO KOHTypa yiipaBie- 
HHA CaMOneT——aBTOnHAOT moKasana Ha cur. 1. Maa anaausa 
TaKOH 3aMKHYTOM CHCTeMbl HeOOXOMHMO 3HaTb AMHAMHYeCKOe 
MlOBeMeHHe KaxKMOFO QeMeHTa CHCTeMbI HM, OONee TOUHO, Mepe- 
qaTounbie MyHKWAM, OMpewermiouNe OTHOWEHHe  BbIXOAHOTO 
CHrHasa KaxkKloro aeMeHta K BxoqHOMy curHany. [lepeqaTou- 
HbIe (yHKWMH CaMOJeTa, HallpuMep, ONpeleiM0T xXapakTep 
peakuH CaMO/ieTa Ha ABYOKeHHe pyzeH. K coxkanennio, nepena- 
TOUHbIe PyHKWMA CaMO/eTa 34MCTHO H3MCHAIOTCA IPH H3MCHCHHH 
BLICOTLI H CKOPOCTH CaMOvleTa, H OMpedeseHne xXapakTepa STHX 
U3MeCHEHHH CONpAxKeHO C OOMbUIMMH TpyAHOCTAMH. ITa OCcObeH- 
HOCTb ABIACTCA OTAHYATeCBHOK DAA 3aad, KaCalOuMXCA CHCTEM 
CaMOeT — aBTONHAOT, MO CpaBHeHHiO C 3amayeH HCCAeTOBAaHHA 
OOLIYHOM CenAWeH CHCTeMbI H O3HayaeT, YTO DAA YOBACTBOPH- 
TebHOrO MOBeaeHuA BCeMh 3a4MKHYTOM CHCTeMbI NPH H3MCHCHHH 
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ycaopu mosmeTa HeOOXOJHMO BBeeHHe WeneH JA H3MeHeHHA 
ycueHua W CTaOHAM3auHH. Sanaua, KpOMe TOTO, OCOKHAeTCA 
BHICOKOM TOYHOCTbIO, TpeGyeMOM OT aBTONHAOTOB, YMpaBAOWWUX 
CaMOJeTOM-HCTpeOuTe1eM BO BpeMA OoeBbIX MaHeBpOB. OTH ycaro- 
BUA NPOTHBONONOKH CYWECTBOBABWIHM MepeA BTOpOh MHpOBOK 
BOMHOH, kor aa ABTONHOTH MpeHasHadaAHCb FAaBHbIM OOpa30m 
B NOMOWb MHJOTY Ha CaMOJeTe, a NpeteAbl H3MCHCHHA CKOPOCTH 
H BHICOTH toner CaMOJeTa OnIH TOpasio Gomee OrpaHvyeHHbl. 

Sanaua avanoOrMyHOoro ahasH3a CyUeCTByeT H Id HEKOTOPBIX 
NUNOTHPyeMbIX CaMOAeTOB, Pe HEOOXORUMO H3MCHATbh JHHAaMH- 
yeCKHe XapaKTePHCTHKH CaMO/eTa C NMOMOLIbIO Ce AALLHX . 
YCTPOHCTB, ,TaKHX, KOTOPHle, HaNpHMePp, AeEMNMUPyioT ABHKeHHA 
PbICKaHHA MW TaHraxka Tak, 4YTOOM ACTUHK MOP Hal eKallluM 
O6pa30M yNpaBAATb CaMOJeTOM BO BCeX YCJOBHAX NOMeTa. Ora 
gaflaua BO3HHKaeT B OCHOBHOM H3-3a8 MaJOrO JeMN@upoBaHua H 
BLICOKOM COOCTBEHHOM YaCTOTH, HeH36eKHHX MpH moseTe C BLICO- 
KOH cKOpocTbio Ha Oonmpwok sBHcoTe. Paspa6oTtKa cHcTeMbI 
CaMOvieT — Kemndep, MpHemMeMOHM 1A MHAOTHPyYeMbIX MOAeTOB, 
NO CyULeCTBy TOMKMECTBEHHA CO3ZaHHIO 3aMKHYTOH CHCTEMHEI, 
aHafOrHyHOH CHCTeMe CaMO/JIeT—- aBTONHAOT, paccMOTpeHHOh 
BLILWe, 38 HCKJIOUCHHEM TOFO, YTO CaM MHJIOT CTAHOBHTCA B STOM 
Clyuae S3BeHOM 3aMKHYTOrO KOHTypa. M3-3a OTCyTCTBHA yO- 
BIeTBOPHTeABHOM MepeaTOUHOK *PYHKIUAK AA ONMCaHHA peaKUuH 
yenoBeKa 380a4a CBOAMTCA K HadexKaluiemy NomOopy AHHaMH- 
YeCKHX XapaKTePpHCTHK eMMepa c Tem, 4TOObI c y4eTOM MoBe- 
eHUA CaMOsleTa PesyJLTHPyloulad CHCTeMa CaMOseT — JemMidep 
HMeJIa sieseenctaide ®yHKUHIO, MpHeMAemyloO Aaa musAOTAa 
COrAaCHO HMMCIOULHMCA SKCIEPHMeCHTAJIbHBIM JaHHbIM. 

Otciowa: cienhyeT, 4TO MPH pelieHHH 3aa4, KaCalOWLAXcA 
YCTOMYHBOCTH H YyMpaBAeHHA CaMOJIeTOM, HeEOOXOJMMO MMeTb 
NaHHbe O YWaCTOTHOH XapaKTepHcTHKe CamovieTa. B pa6otax [1] 
H [2] 6onee nonpo6HO paccMOTpeHb! MeTOAH onpelenenus 
YaCTOTHHX XaPaKTePHCTHK CaMOJeTOB HW OOCYXTeHbI HeKOTOpbie 
NOCTHKeHHA B STOH OOACTH. 

B Hacroaueh cTaTbe riaBHbIM O6pa30M OMNHCHIBaIOTCA MeTOJBI 
ONpeneneHHA AMHAMH4eCKHX XapaKTePHCTHK CaMOvieTa. STH AaH- 
Hpe B opMe NepenzaTOUHOK OYHKUKN MOTYT BHYKCAATBCA MyTeM 
NOACTaHOBKH H3BeCTHDIX 3HaYeHHH (pH3HyYeCKHX MapaMeTPOB 
B uppepenunanNbHble yPaBHeHHA, ONMHCHIBAIOWIMe BYKeHHA 
caMovieTa. B gonoaHeHHe K OOBIYHRIM MOCTOAHHEIM, TaKHM, KaK 
Macca H MOMeHT HHepUHH, 9TH MapaMeTPHI COCTOAT M3 4eHOB, 
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yCTaHaBIMBalOWHX = 3aBHCHMOCTb *MeK LY  adpoMMHaMHdeCKHMH 
CHJAMH WM MOMCHTAMH, C OJHOH CTOPOHBI, H JBH)KeHHAMH CaMO- 
neta—-C Apyrofi. OTH aspOMMHaMH4ecKHe BEAMUMHEI, BbIParKeH- 
Hble B Bue OespasMepHEIX MPOUSBOAHLIX KOIPPUUNCHTOB, ONpe- 
le#i0TCA Ha OCHOBe TeOpeTHYeCKOrO H3yYeHHA UH Pe3syAbTATOB 
ACIibITAaHHA B agypOAMHaMHYecKOH Tpy6e. B HeKOTOPbIX cay4aAx 
39TO0 MOMKeT ObITb BbINOTHEHO C AOCTATOYHOK CTeNeHbiO TOUHOCTH 
ia HalexKHOrO NpeAcKkasaHHaA OCHOBHEIX CBOLCTB NepedaTOuHok 
pyHKunw caMoseTa. OfHakO OObINHO peKOMeHAyeTCA M01b30- 
BATbCA PC3ybTATAMH 9KCNEPHMEHTAMbHbIX HCMbITAHHA B YCAOBUAX 
noweTa JA MOJyYeHHA MOCTATOYUHO MOMHbIX H TOUHDIX JaHHBIX, 
HeEOOXOAMMBIX JIA aHasH3a. ITO OcoOeHHO CNpaBeAAMBO AA 
MoseTOB CO CBePX3ByKOBbIMH CKOPOCTAMH, Korda Oosbune H 
He3aKOHOMePHbIe M3MeHeHHA STHX MapaMeTPOB MPH H3MeHeHHH 
uuicia M He moryT ObiTb HafifeHbl C MOCTaTOUHOH TOYHOCTHIO, 
HCXOAA H3 TCOPHU HAM 3 DanHbIX NpPOAyBKU B a9poOquHaMuye- 
cKoh tTpy6e. 

Kpome Toro, WMe1OTCA Cay4aM, AA KOTOPHIX OOBINHO NpH- 
MeHAeMblec ypaBHeHia ,TBepsoro Teja“ He OMpedeamioT MO- 
HOCTbIO JBMKeHHA camMOovieTa. IIpuMepOM MOryT CJYKUTb ABJe- 
HMA, CBASAHHBIe C ynpyroh Mepopmauneh 91eMeHTOB KOHCTPyK- 
unl CaMOJIeTa B YCOBMAX NOMeTA. OTH ABEHUA COMPOBOXK LaloTca 
H3MCHEHHAMH YCTOHYHBOCTH TpaeKTOPHH NoNetTa, OOyC1OBACHHBIMH 
u3rHOaHueM H CKPYYMBaHveM (ioseimMKa CaMOJeTa NOA MeMCTBHeM 
WHEPlLHH HW adPpOAMHAMMYeCKMX Harpy30K. BosHWKHOBeHHe JonoA- 
HHUTCJIbHbIX MMKOB Ha 9KCMCPHMCHTAIbHOK aMMMTy WHOM YaCTOTHOH 
XapaKTepHCTHKe Ha YaCTOTAX, MPeBbIWIAIOWMX BeEAMYMHDI, Hal eH- 
Hble Jia KOJeGaHHH CamMOseTa, pacCMaTpHBaeMOrO Kak TBepfoe 
re0, OOLIYHO MOKasblpaeT Ha/iMyve WH 3Ha4MMOCTb KOJeOannit 
KOHCTPYKUHH, BOSHHKAIOUMX B cHcTeMe. J|BuxKeHUA, CO31aBaemble 
B pesyabTate yipyrux RepopmaluA, MOryT HMeTb BaxKHOe 3Ha- 
ucHHe MpH BLIOOpe MOAXOAMMerO ABTONHAOTA WH PpasMeliLeHHH 
ero YYBCTBUTeJbHLIX 9/1eMeHTOB [3]. 

SaBucHMOCTb MOBeeHUA CaMOJeTa OT H3MeHeHHA 4ucaa M 
H ylpyrux Jedopmaui onpederseT Te MpakTuyeckue TpyA- 
HOCTH, KOTOPble HCKJIOUAIOT BO3MOXKHOCTh YHCTO TEOPeTHYeCKOTO 
pelleHuA 3a2a4uu H TpeOyloT paspaHOTKH MCTOMOB JeTHbIX HCIIbI- 
TaHnfl Jaa OAyYcHMA MpaBHAbHWX MepewaTOUHBIX yHKUMi 
camoneta. JIeTHbIG HCIbITAHHA MMCIOT TaK%Ke MOMOTHHTE/IbHOe 
Ha3HaueHHe, MO3BOAAA CPpaBHHBaTb SKCNePHMeHTaJbuble HW TeOpe~ 
THYeCKH MpeAcKasaHHble 3HavueHi#, HM CMOCOOCTBYIOT, TAKHM 
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o6pa3om, paspa6otKe Go.ee COBEPUICHHbIX MeTOROB TeOopeTu- 
YeCKOTO MpeACKa3aHHA MOBeACHHA CHCTeMBI. 

Mocne Kpatkoro o6cyxzenna aSpOMHHaMH4eCKOH Teopuu, 
NOJOKEHHOK B OCHOBy ypaBHeHHit ABwKeHHA CamMOvleTa, OyjerT 
PacCMOTpeHO ONpedeneHHe yacToTHoOt XaPaKTeEPHCTHKH CaMOvleTa 
Ha OCHOBAHHH aHadv3a JeTHLIX Ja@HHbIX. 


| 
Burpon TCOpeTHIECKHX MepemaTOURBIX PyHkunh 


CamoweT B ycaoBuax noneta MOrKHO PaccMaTpHBaTb Kak 
AHHAMMYCCKYIO CHCTeMY, HMeWOLylO WIeCTb cTeneHel cBoboanl. 
Ita cucTeMa MOmeT nepemenlatca 4H BPallaTbCA OTHOCHTeAbHO 
mOOOH us Tpex oceH x, y H Z, MOKA3aHHBIX Ha pur. 2. Takum 








Yeaosan 
CKOpOCING 





Pur. 2. O6osnauenne oceii u ONpeAeNeHHe OCHOBHEIX BeHUHH. 


o6pa3om, cyllecTByeT lWecTb ypaBHennh, ONpeAeAAIOWHX JBHKe- 
HHA CaMONeTa, KOTOPbIe NO3BOMAIOT BLIYHCAUTh peak Ha pa3- 
AMUHBIE THIMbl BO3MYULaIOULMX CHA. 

IIpHpasyupaa cHabl w MOMeHTBI HHEpWUMH (JeBaa 4actb) 
K @9POAMHAMHYCCKHM CHJIaM HW MOMeHTaM (nepBaa uacTb), Mouy- 
WaeM CJleyioukMe ypaBHeHna: 


m (u-+- gw —rv) = X, (1) 
m (o+ ri— pw) = Y, (2) 
| Mm (w+ pu—qu) = Z, (3) 
Te + (Ug—Iy) 9° — Taq (7 + pq) = L, (4) 
1y9 + Un — Ia) 1? — lag (7? — p®) = M, (5) 
Tat + (ly — 1) PY Lng (P — GP) =. (6) 


27 3ax. 2356, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


418 Tr. Cmur au B. Tpunaerr 


Hoansifi BHIBOA 9TUX ypaBHeHHA MOKHO HahTH B ANTepaType 
(cM., HanpuMep, (4, 5]), u OHM AMWb Oerso paccmMOTpeHbi 
B JaHHOH CTaTbe. 

Ouepuano, uTO CHCTeMa, OMMCbIBaeMad MPHBeLCHHDIMH BPILLe 
yPaBHeHHAMH, ABIAETCH HeMHeHHOH HW OYeHb COKHOK. OAHAKO 
10 CUACTAMBOMY CTeEYeHHIO OOCTOATEABCTB ABYDKCHHA camMOveTa 
yactoO OrpaHuyeHb! TaKWM OOpasoM, YTO CucTeMa ypaBHeHul 118 
SOAbUIMHCTBa TpakTHueCKHX salad pacialaeTcA Ha ABS He3a- 
BUCHMbIe JMHeHHbe CHCTeMbI, KaxKad H3 KOTOPBIX UMeet TPH 
creneHli CBOSOAb. CHaualia MpeANOAOKUM, TO BOSMYIMalolaa 
cua npuowkeHa TakHM OOpa30M, YTO BO3MYLUcHHe CaMOwJeTa 
IpOUCXOAUT JMIUb B MAOCKOCTH cuMMeTpun (maocKocTb (x, 2)). 
Takum BO3MylileHHeM MOryT ObITb OTKIOHCHHE py1A BbICOTHI, 
U3MeHeHHe MOULHOCTH MOTOPa HJ Kakoe-H60 aTmMocdepHoe 
apienve. PesyAbTHpyIOulNe ABWKeHHA OOLIMHO HasbiBaloTcA Mpo- 
ROAbHLIMM ABWKEHHAMM CaMOJeTa HAM ABWDKCHHAMH camouleTa MO 
canraxky HW COCTOAT H3 yCKOpeHHA BAOAb oceHh x M 2 M Bpallle- 
HHH OTHOCKTebHO ocn y. BesencTBHe CHMMeTPHH JBHYKEHHA 
pn mMOoOOKW ApyroH MIOCKOCTH OTCYTCTBYIOT. 

Ecav oKe BO3MYILeHHe CaMOJIeTa O-yecTBAACTCA B pe3y /b- 
rate TepeMeleHHA BlepoHa WH pPyaA NOBOpOTa, TO CaMOJeT 
Gy eT MOBOPayMBaTbCA OTHOCHTCJIDHO oceHh x H Z (11poOdOAbHaA 
MW BepTHKabHad OCH) MH MepeMelllaTbcs BILOIb OCH y (OoKOBOe 
cKombKeHHe). JiBpwokKeHHA 9TOrO THA OSDIYNO Ha3biBalioTca OOKO- 
BLiMH. V3 ypaBHeHHii, OMMCbIBAIOIMX BCIO cucTemy, CJeayet, 
uTO GOOKOBLIe JLBHXKEHHA BbISbIBAIOT BTOPHMHLIC IPOLOJbHbIC JBH- 
*KEHUA B pe3yAbTAaTe MHEPILMOHHON CBASH. Onuako eCJM NPHHATb, 
uTO JBWDKeHMe CHCTeMbl OrpanwueHo HeOOMbILMMH ne pemMelile - 
HHAMH OTHOCHTEbNO TOPH3OHTAIbHOM MocKOCcTH, TO WJIellbl, 
BLISMIBAIOULMe BOSHUKHOBeHHe 9TOM CBASH, CPaBHMTCJbHO Ma JTbl 
H HMH 4acTO MOXKHO MpeHe6peyb. Toraa yiipoulensbie y pasic- 
Hud Jia BByX CHCTeM 3aNlMUlyTCs B CiCAYIOULM BUC: 


Cucrema ypaBHrennlh NpoOAOAbUOro ABUMKCHUA 


m(u+qw) =X, (7) 
m (w — qu) = Z, (8) 
Lq == M. (9) 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approves for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


13. Onpedenenue sacrotneax XQpaxTepucTux camoneta @ noanerte 419 


CucteMa ypaBHenutt 6oKoBoro ABUKeHHA 


m(v+t-ru) = Y, (10) 
Lo) — Iyer = L, (11) 
Lr —I op = N. (12) 


OTH ypaBHenna ONpeeAOT MOAHbIE NepemMeuleHHA CamoaeTa 
Np OTCYTCTBHH B3aHMHOH cBA3H MOXY MpOJOMbHEIMH HW 60KO- 
BLIMH TePeMelLeHHAMH. 

Tlepexoaa x OOcyKTeHHIO NpOAOMbHbIX Peak, BOSHHK4I0~- 
WWHX B pe3yJbTaTe OTKAOHeHHA PY1A BbICOTLI, MOXKHO CemaTE 
AanbHetivee ynpouenue. Orpanuune HCCC ROBaHHWe HeEOOMbUIMMH 
BOSMYLWEHHAMH, HETPy RHO yCTaHOBUTh, uTO H3MeHeHHe CKOpOcTH 
NONeTAa, COMNPOBOKAalollee OTKTOHeHHE CpeacTBa ynpaBjeuua, 
OOLIYHO OUEHb Mato H pe3ybTHpytoliad cua UX, BO3eHcTBy - 
loluaf Ha CaMOJeT, nO CyUleCTBY paBHa Hy.0 mpH OTCYTCTBHH 
M3M€HEHHA TAPM MOTOPAa. Takum OOpasom, cucrema c MpO2Ob- 
HbIMH peaKILHAMH npeoOpa3yetca B CHCTe€MY C ABYMA CTeneHAMH 
CBOOOAB, JA KOTOpOH MepeMeHHad 4 MOKeT ObITb 3aMeHeHA 
NOCTOMHHOK CKOpoctbl V. Jlaa ynpouenna TalbHekwero nccae- 
AOBAHHA HOPMa/IbHad CKOPOCTbh Ww MOKeT ObITb 3anvcaHa Kak Va, 
rae &@—yrol atTakH cCamoveta, T. e. yrol B MAOCKOCTH cuM- 
M€TPHH M€KAY OTHOCHTeJbHBIM BEKTOPOM HallpaBaeHHA MOTOKa 
H OCbiO CaMOneTa. Torna ypaBuenua, ONPeAeIMOULNe MpoOAONb- 
HbBIe PeaKWUHH CamOuerTa, mpeoOpasyrotca Kk BUY 


mV (a— q) = Z, (13) 


1g == M. (14) 


aa pewlenaa 9Tux yPaBHeHHA OTHOCHTeAbHO KOOpAHHaT q; 
&® WIM HOPMabHOrO yckopeHua V (a— q) Heo6xonumo BbIPa3HTb 
ASPOAMHaMMyecKHe CHAbl H MOMeHTHE M yo Z yepe3 BeAMUHHBI 
% @ MW OTKAOHEHHA pyaa BEICoTH 8. Daa HeGonbmUX nmepemelle- 
HHA Z wu M B OCHOBHOM sBaatotca AMHeCHHEIMM §@yHKILHAMH 


aa, gud H ypaBHenua (13) wu (14) Moryt 6nTh 3anucany 


B Bue 
: OZ OZ 
mV (a— 9) = Fa +8, (15) 
< OM OM : OM OM 
Lq= — — — —— 8, 16 
are lb rae 3 q+ es (16) 
#lG 
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CornacHo CheqaHHOMy JONyWleHHIO O HesHauvTeAbHOM BedH- 
uNHe MepeMeLleHHH, YaCTHbIe NPOUSBOAHBIC ABAIOTCA MOCTOAH- 
HLIMH BeMYHHaMH Jad MaHHOM CKOpOCTH H BBICOTH! MOdeTd. 
B 9THX ypaBHeHHAax @ MO ABAAIOTCA MpHpalilenHaMy yroB H 
OMpemeiMoTCH Kak pa3HOCTh MeKY MPHOBCHHBIMH 3HadeHHAMH 
4 3HAYeHHAMH, MOJyYeHHBIMH IA yCTaHOBHMBIerOcA NOTA. 

Torga Mbl momayyaem Ba AWHEHHBIX nuddepenlHa IbHBIX 
ypaBHeHua C MOCTOAHHEIMH KOIPPULNEHTAMH, KOTOPble MOMKHO 
COBMECTHO PelUHTb OTHOCHTEJbHO & Hq, BbIPasHB ITH Be IMUHHbI 
c¢ romomipio 3. Jaq npuaanua ypaBHeHuam Oouee npocToh PopMbl 
ypapHeHue CHB MeMTCA Ha nmpousBexeHHe mV, a ypaBHeHHe 
MOMeHTa Ha /,; BBeLA COOTBETCTBYIOUMe COKPaLeHHbIe 06003Ha- 
ueHUA, MOKHO TIpHBecTH ypaBHeHHa K CilenyIouleMy Buy. 


a—gq=Z,+Z5, (17) 
g == Mya-+ Mz a+ M,qg-+ MS. (18) 
Uckmouus @ 43 ypaBHenwi (17) u (18), momyyaem 
G+ bgt kg =Cb+C,3, (19) 
rye 

k=Z,M,— Me (21) 

Cy= Z;M,— Z.Ms» (22) 

Ci =Z,M: +. M;. (23) 


OueBuaAHO, YTO JeBan YaCTb ypaBHeHHA (19) umeeT Taky!0 Ke 
dbopmy, KaK MH JAA XOPOLWo U3BeCTHOH CHCTeMbI, COCTOALICH U3 
Npy2KHHbI, Macchi H nemndepa (41H 97eKTpHuecKorO KOHTYpa 
R-L-C). OgHako 9TO ypaBHeHHe MOKHO BbIPa3HTb B Ooviee 
yao6Hohk copme nyTem MpuMeHeHHA nmpeo6pasoBanua Jlanaaca 
TIpH HyJeBbIX HauadbHblX yCAOBMAX H anre6panyueckoro pelleHHs 
ypaBHeHHa OTHOCHTeAbHO OTHOLICHHA mpeo6pasoBaHHbixX BesH- 
quH g u 6. TakiM 06pa30M MBI NOJYYMM. 


ae Cot Cis, (24) 

8 sttobs+tk 
Buipakenue, cTosilee Ciipaba, ABAACTCA nepenaTOuHOn PyHK- 
une, KOTOpad onpeyenaeT B OnepaTopHoh dopme peakiluo 


yraoBoh CKOpOCTH CaMONeTa 10 TaHraky Ha OTKJOHeHHe py AA 
BLIcOTHI. [Ip MoAcTaHOBKe BMeCTO S BeAMMHHPI jo MOXKHO HeMo- 
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CPeACTBCHHO ONPeNeANTh YACTOTHYN XapaKTePHCTHKy HJM C NO- 
MOUIbIO O6paTHoro mpeoOpasopanua Jlanaca BHYHCAHTh BpeMa 
peakuMH aa mo6oro ABMKeHHA pyaA BHICOTH. Cywiectayet 
aHaOrHunaa NMepedaTrounaa yHKuua naa a/5, KoTOpaA HMeeT 
TaKOM Ke 3HaMeHATeJb, HO OTMMYHHE KOSDUUMEHTH B YHCAUTEWe, 

Bua nepexaTounoA dyHKuHH MOsBOAReT YCTAHOBHTb, TO 
CHCT€MAa ABAKETCA KONeCOaTeNbHOM Hu ee COOCTBeHHaA 4aCTOTAa U 
KOSPPHUneEHT AeMNUpOBAHHA BaBHCAT OT MACCH, HHEpLMH H 
ASPOAMHAMH4eCKHX XapaKTepMcTHK caMOudeTa. Tlepenarounan 
yukuna, onpenerdemaa ypapHenem (24), MOKeT ObITh 3amucana 
B Apyroh Goee O6b4HOM dopme | . 


¢_ K+) ia 


fas 2,2 ° 
| 1 + (2E/o,,) s + s*/wy, 

KoneOatembHoe 2BWKeHHe, ONpeweneHHOe CHCTeMOM ypaBHe- 
HHA NPOAOAbHOrO ABWOKeHHA C UBYMA CTeNeHAMH CBOGOAH, Hasit- 
BaeTCA ,KOPOTKONMCPHOAMYeCKHM JBHKeHHeEM“ HM npHOoOperaer 
Oovee cylecTBeHHOe sHayeHHe Mp yBeAHYeHHH CKOpOCTH H 
BHCOTH MOACTA BCAEACTBHE COOTBETCTBYIOWerO yBeAMYeHHA CO6- 
CTBCHHOM UACTOTH WH YMeHbIeHHA KOSpHUMeEHTA NemNduposa- 
Hua. 119 OOnbWHHCTBa CaMONeTOB Hav6Osee THNMYHHE BeHYHHEI 
COOCTBeHHHIX YACTOT JeKaT B Mpemenax oT 2 no 8 pad/cex 
MPH 3HaveHHAX KOSdpuuNeHTa AeMndupoBanua He Bue 0,2. 

Ecau yuecTb np BHBOe TpeTbIO cTeneHb CBOOORH (ypaBHe- 
Hue Nad cui X), TO nepenaTounad cbyHkuua Aaa g/d Oyner 
BHpaxKaTbca, ypaBHeHHeM YeTBeEpTOrO mopAaka Hu OyaeT onpe- 
AeAATb, MOMHMO KOPOTKONepHOAM4eCKHX KOneOaHHH, KOAeOaHHA 
C OOJbUIMM epHOAOM, HasbBaeMBle ,cbyrounHnMu“. Hecmotpa 
Ha OWCHb HESHAUHTebHOe DeMMupoBanve, yrouAHbe KOwe6a- 
HHA HMEIOT 'TaKOM NPOAOMKUTeEAbHHA nepHon (1—2 MuH.), 4TO 
OHH OOBIUHO, He MMeIOT CyleCcTBeHHOrO 3Ha4eHHA MpH paccmo- 
TPeHHH AHMHAMHY4eCKHX XapaKTePHCTUK. | 

AHaOrH4HO MOKeT ObITb BbIBeJeHa HW CUcTeMa ypaBHeHHht 
OokoBoro ABMxKeHHA [6, 7]. B 9TOM cayy¥ae OOBIYHO HEO6XOHMO 
PaccMaTpuBaTb BCe TPM CTeMeHH CBOOOIH, A NpH pemeHHn 
NOAYYEHHOTO ypaBHeEHHA OTHOCHTeAbHO p, r HW VU AA CAy4aeB 
ABWKeHHA Py.A NOBOpoTa HAH 9epOHa ONnpeswenaioTca TpH 
ABMKEHHA: KONeOaTenbHOe ABHKeHHe (,rOmmaHACcKHA war‘), 
» CIIMPaIbHOe * ABHKeHHe NepBoro NopaaKa (YacTO pacxomaieecs) 
H ABHKEHHE KpeHa MepBoro nopsAka (OOMYHO CHAbHO 2eMnpH- 
poBaHHoe), Oxguako oGcyxkneHHe B MOcAenyIoOMMxX pa3gmenaXx 
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Lr 


cTaTbH OyleT OrpaHHyeHO paCCMOTPeHHeM TOAbKO yMpOLuleHHOn 
MpOAOAbHOH peakUMH, ONpedeseMOM ypaBHeHHeM (24). 
OuyesuaHO, YTO peakUMIO CaMO/eTa Ha M000e ABHKeHHe pyA 
BLICOThI MOKHO PaCCUHTATb, CCM B AOMO/HEHHe K MOCTOAHHBIM, 
OMpeNemAOULMM MaCCy H HHEPUHIO, H3BECTHbI MPOHSBOAHEIC, 
XapakTepH3ylOlHe H3MeHeEHHe aIPOMMHAMWYECKHX CHM HW MOMCH- 


TOB TipH u3MeHeHMH a, a, g Hu 5. Kak yka3bIBa0Cb BbILe, STH 
BeJIHYHHbI YaCTO He ObIBAaIOT M3BeECTHBI C OOOH 2KeTaeMON CTe- 
MeHbIO TOYHOCTH, OCOGeEHHO JIA HOBbIX CaMOJIETOB HJIH CaMOJICTOB 
HEOObIYHOM KOHCTPYKUMH, MpeMHasHayeHHBIX IIA MOMETOB CO 
3BYKOBOM WM OM3KOM K Heft ckopoctbio. [ostomy HeoOxOHMO 
O6paulaTbCA K M€TORAM HCMbITATEbHBIX MOACTOB ANA ONpeNe- 
Jl@HWA JMHAMH4eCKOrO NOBeAeHHA, a 3€TEM Ha OCHOBaHHM Nouy- 
UCHHBIX pe3yJAbTaTOB HaXOJMTb MepenaTouHbie PyHKWMH, HeoO- 
XOAMMbIe JIA CHHTe3a ABTOMATHYeCKHX CHCTeM ypaBJeHHA. 


Onpenenenve 4aCTOTHBIX XapaKTepHCTHK MO aHHbIM 
JI@THBIX HCHBITAHHH 


Han6oee npocro MeTOA OnpemereHHA YACTOTHOM XapakTe- 
pHCTHKH PHsH4eCKOM CHCTeMbI 3aksOUaeTCA B M3MepeHHH YCTa- 
HOBMBUUICHCA peaKUMH Ha CMHHYCOMMAAbHbIN BXOQHOM CurHad ATA 
pana pasamunpix uactot. Hecmorpa Ha TO, YTO 3TOT MCTOA 
C yCMexOM HCNOMb3yeTCA WA ONPeMeNeHHA YACTOTHBIX xapaKkTe~ 
pucTHkK sJerauero camoeTa [8], OH BO MHOrHX Cay4aax He- 
MpHMeHHM. OTOT MeTOA TpeOyeT YCTaHOBKH o6opyA0BaHHA ANA 
yiipaBleHua pyAMH M0 CHHYCOHMaIbHOMy 3aKOHY HW, CCAM aH~ 
HBIe OMKHEI ONpeseAATbCH DAA OONbwWOrO YACa YaCTOT, MOKET 
NOTpeOOBaTb HEAONYCTHMO NPOMOMKUTEIbHBIX ACTHEIX MCMbITaHHh. 

B o6uem cayyae yaoOHee HaXOANTb YaCTOTHY!O XapaKkTe- 
PHCTHKY MyTeM aHadW3a HeyCTaHOBMBIeHCA PeakUM CaMOoJeTa 
Ha MPOH3BOAbHOe OTKOHeHMe pyleh, OObINHO OMmpee1HeMOe 
cTynenyaTow dyHkuvei wu = yHkunel, uMerouehH dopmy 
umiyabca. Peakuwa B HeyCTaHOBMBIeMCA PexKHMe XapaKTepH- 
3yeTCH HeMPepbIBHLIM YaCTOTHbIM CHeKTPOM M MOXKET ONpede- 
AATbCA MPH NPOMOMKUTEADHOCTH MOAeTa NOpAAKa HECKOJbKAX 
cexyHt. MooxkHo cCuHTaTb, YTO HeyCTAHOBMBUIeeCH KoneOaHHe 
mpeacraBanet coOOM CyMMy CHHYCOHM a IbHbIXx KoNeOaHHh C pa3- 
AMUHBIMA aMIVIUTYaMM, TepeKPbIBaOWWAMX BeCb YaCTOTHBIM MMa- 
na30H. Tlostomy peakuMa AMHeMHOR CHCTeMbI Ha HeyCTaHOBUB- 
WWHACA BXOMHOH CHrHal MOKeCT pacCMaTPHBaTbCA Kak peaKkilda 
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STOM CHCTEMbI Ha CYMMY CHHYCOHaIbHEIX KONeOAaHHH, OOpa3yio- 
WWMX HeyCTaHOBMBLUMHCA BXONHOH curHad. 

MeTol mpeoOpasopaHua aHHbIX MepexomHOrO mMpouecca 
CHCTEMbI, ABJIMOWerocn PyHKUMeH BpeMeHH, B aHHbie, BbIPaxKeH- 
Hble B PYHKUMM YaCTOTHI, OCHOBaH Ha UCNOMb30BaHIK HHTerpavia 
@ypbe, KOTOpPbIt B HEKOTOPBIX YCNOBUAX NO3BOARZeT Npeodpa- 
30BaTb (byHKumio Bpemenu f(f) B KOMMMeKCHy:0 dyHKUHIO 
yacToTn f [jw] '). 

Muterpaa Pypbe Moker OsITb 3amvcaH CaezyiouuM o6pasom: 


fljol= f fi e-vetat. (26) 
0 


OTOT MHTerpad MOMMKEH BLIYMCAATRCA B Mpeemax OT BpemeHH, 
PaBHOrO HyJl0, 10 BPeMeHH, PaBHOTO OeCKOHEYHOCTH, JIA KaxK On 
YaCTOTH , LAA KOTOPOH %XKeaTeIbHO HafituH f[ jw]. Wnrerpu- 
POBaHHe MOKeT ObITb BLINOAHEHO TOAbKO Mp ycaoBHMN, ecaH 
H3BeCTHO mopentenHHe f(t) Ha GOecKOHeYHOM MHTepBasie BPeMeHH 
NOce BOSMYIUeHHA CHCTeMBI. DTO o3HauaeT, 4TO CUCTeMa ROMKHA 
OCTHUb YCTAHOBMBLUerOCcA COCTOAHMA B TeYeHHe HeKOTOPOrO 
KOHEYHOrO MepHoOda BpemeHH TJ, Tak 4TOOB! dyHKuua f(Z) 
MOrda ObITb BbIpaxKeHa aHaJMTHYeCKH Ha HWHTepBate BPeMeHH 
oT 7 Ao 6ecKoHeyHocTH. EcaH mpuw anaau3se weTHDIX JaHHbIx 
BXOAHAA BEJIMYMHAa JOCTHraeT YCTAHOBUBILeErOCA 3HaYeCHHA B TeYe- 
HH€ CpaBHUTeJbHO KOPOTKOFO NepHOAa BPeMeHH, TO BbIXORHOH 
CHrHall WH OJH@a H3 efO MPOH3BOAHbIX TakxKe CTAHOBATCA 
NOCTOAHHOM. BeIHYMHOK B TeYeHHe HeKOTOPOrO -MepHoya Bpe- 
MeHH 7 pH yCOBMM, 4TO CHCTeMa sBAReTCA ycToHunBo u 
AMHeRHOR. Takum O5pa30m, B Cay4yae peaKUMM CKOpOcTH TaH- 
raka Ha JBHKeHHe PyJiA BbICOTHI B KayeCTBe BXOJa WHTerpan 
Pypbe MOXKHO MpecTaBHTb B Bue ABYyX yYacTelt 


. T co 
g [jo] = f g (t) eset dt + f gre Set dt, (27) 
0 T 


re Gp»— MOCTOAHHOe YCTaHOBMBUIeecd 3Ha¥eHHe g(t), COOTBeT- 
CTByIOUlee MOCTOAHHOM BeJIMYHHE OTK/IOHCHUA PyJA BLICOTHI 4 (f) 





1) Kpyrabie cKko6KH MbI 6yeM HCHOAb30BaTb AAA O6O3HaueHHA 
PyHKUHH BpemMeHH, KBaApaTHDIe cKOOKH— AAA OOosHayeHHA (pyHKUHH 
YaCTOTBI, 
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(B cayyae MMIyabCHOrO BXOMHOTO CHrHada, AA KOTOpOrO 4(f) 
TOUHO CTAHOBHTCA PaBHbIM HYJIO, Oy TakoKe OJDKHa PaBHATbCA 


Hymo0). Bropo wHTerpaa MoxkeT ObITh BLIPAKeH aHa/IMTHUCCKH, 


TaK UTO 
ig 


qliol= [ q(@eetdt +52 eden, (28) 


0 


Jia MajbHefiluero BbIYHCCHHA HEOOXOAMHMO Pa3JIOKUTb BeJK- 
unHy g[/w] Ha BellleCTBeHHy!0 H MHHMYIO COCTABAAIOWIMe 


q{jo]J=R+SJh, (29) 
rae 
T 
R= f q (f)cos wt dt — = sin oT, (30) 
0 
T 
[=— f g (t)sin wt dt —*2 cos wT. (31) 
0 


VUuterpaaii, BKNOUaIOLWIMe NepexOHy!0 YaCTb BeAMUMHE qg(f), 
LOJDKHbI BbIUMCAATbCA C TMOMOLIbIO OAHOFO H3 CYLUIECTBYIOWIHX 
MeTOJLOB UHMCAeEHHOrO WHTerpvwpoBaHis, YTO HeOOXOAHMO JIA 
nonyuenua Rou /. Ilocne Toro Kak 9TH MHTerpaJbl BHIYACAeHDI, 
MO)KKHO BbIPasHTb g[ fm] C MOMOLEbIO MOAAPHHIX KOOPAMHAaT 


g{ jo] =|q| e7%a, (32) 


rae |q|—a0comoTHad BeAM4HHa VR?-+P, a , — pasosbih 
yroa arctg(//R). 

STo BbIYHCIeHHe MOBTOPAeTCA AIA BXOAHOM BeaMyHHD! 4 (Z), 
HW 3aTCM UaCTOTHAH XapaKTePHCTHKAa CHCTeMbI BbIPaKaeTCA Kak 
OTHOWeHHe AByX PyHKWAH YaCTOTHI 


qatio] _ |ale?a _ 
b[fo] ~~ Jal et%s 


q 


Ss 
0 


— 
—— 


of (Pq — 3) 














4 ef? , (33) 

Kak yKa3biBamocb BbILe, CyleCTByeT HeCKOJbKO MpakTH- 
YeCKHX MeTOJOB 4HCeHHOrO HHTeErPHpOBaHHA, KOTOPbIe MOFyT 
UCNO/Mb30BaTbCA MPH BHIMHCAeCHHM HHTerpasia Pypbe. OHMM M3 
HaWOonee M3BECTHIX ABJAeTCA MpaBuio miowaneh Cummcona, 
KOTOpOe NPAMeHAeTCA JA ONpeAeACHHA MOWLadH, OF paHHYcHHOH 
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KPHBOM NponsBenzeHHA byHKunl f(t) cos wi nu f(f) sin wt, c MOMOLIbIO 
pala napaOomuueckux anpokcumMauui. Jina o6ecneyenua nocta- 
TOUHOK TOYHOCTH Tip MpWMeHeHHH STOrO MeTOa XapakTep 
M3MeHeHHA MPyHKuHH f(t) BO BpPeMeHA OMKeH ONpenerATECA 
8 QOCTaTOWHO MaJbIX HHTepBat0oB Bpemenu Af Tak, YTOOHI 
Kaki MepvHOd KpHBoH, CooTBeTCTByIOWleH mpov3BeeHHIO 
yHKuMA, MOF oOMpedenatbcaA MO MeHbUef Mepe B pe3y/IbTaTe 
BOCbMH U3MepeHHH. STO osHayaeT, TO MponsBereHHe w Af, 
rae At—nunutTeppaa BpemeHH Me@xKIy W3MepeHHAMH, He DOMKHO 
mpespuaTb 45°. Hanpumep, mpW uccaeaqoBaHuu KOpOTKONepHo- 
AMYECKOTO MpPOObHOFO ABMXKEHHA AMANa3OH YACTOT, Mpercta- 
BAAIOWMA MHTepec, MpocTupaetca oT HyAA NO 16 pad/cex, uTO 
noTpeOyetT cocraprenua Ta6aum c unTepBanamu 0,05 cex. 

TlatbHefee pasBuTve sTOrO OCHOBHOrO MeTONa, CHa4yana 
B paOote unona [9], a 3aTem B pa6ote Llymaxepa [10], 
NO3BOAAET HCNOAb3OBATh MapaOomHyeckyioO aNpOKCHMallMlO HeNO- 
CpeACTBEHHO AA PyHkuwH BpemeHu f(t), a He W1a MponsBere- 
Hua yHkunh f(f)coswt u f(t)sinwt. Sto oGecnewpaer Gonee 
BLICOKY!0 TOYHOCTD B ONpeAeMeHHH BbICOKOYACTOTHBIX COCTABJIA10- 
WIHX, H B lo6mjeM cay4yae BO3MOxKHO nowyyeHve mpnemjemoht 
TOUHOCTH Mpw BemMyHHax w AZ, nocTuraiwuux 120°, KoHeuHO, 
MPH YCAOBHH, YTO HCMOAb3yeTCA AOCTATOUHOE YMCAO HHTEPBAaAOB 
BPeMCHH AJA HadteKaulero onpeslenenna yHKUMH BpeMeHH. 
IIpHmMeHeHe STOrO MeTOa aHaOrH4HO MpHMeHeHUO OCHOBHOrO 
mpaputia CuMncona, 34 MCKO4eHHeM TOO, 4TO Kos@uWHeHTEI 
1/3, 4/3 W 2/5 Torga cTaHoBATcA dyHKuuamu wAf, T. e. Heob- 
XOAMMO HCMOMb3OBaTb pasAHYHble PALL KONNMeEHTOB Aaa 
KaxknOH yactoTH, MmpH KOTOPOM OJDKeH BEIMOJHATBCA aHasH3. 

C ycnexom MpuMeHaquch M Apyrue MeTOAN uMCAeHHOrO 
HHTeCrPHPOBaHWA, OCHOBaHHble Ha CTyMeHYaTOM WH Tpeyrodb- 
HOM anpoxcumaunu [11, 12]. Kpome toro, npumenumpl u rpadu- 
NECKHE MCTOJb, paspa6oTaHHble Cyumancom, Baetisuuremom 4u 
Kaementconom [12]. Onvako uvcaeHHpe MeTOJLI, OCHOBaHHbIe 
Ha NMapaOowmyeckoh anpokcumaunu, oSecneuwnBaiT Han6omee 
BLICOKYIO TOYWHOCTb. Takne BbIYHCeHHA MOXKHO AePKO BBINOJHUTh 
C MOMOI[bIO CUCTHBIX MalUHH. 

B 060M Cayuae BEIUMCHeEHHA ABARIOTCA COXKHBIMH H Tpe6yloT 
OoMbWOH 3aTpaTbI BpemMeHu. BeposTHo, HavGOmbINMM AOCTHKe- 
HHEM B STOH' OO6macTH Oba Obl paspaGoTKa 9eKTPOHHEIX aHa- 
AU3ATOPOB FapMOHHK, KOTOPbIe O4eHb ObICTPO BHIMHCAIOT YaCTOT- 
Hy!O XapakTepucTHKy No KpHBOM cbyHKUMM BpeMeHM, HCKmMONAs, 
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a 


TaKHM OOpa3oM, HeOOXOAMMOCTh TaOYMPOBaHHA TWaHHbIX. B A3po- 
HaBMralMoHHo aa6opatopun NACA paspaOaTbiBaeTca ycTpoh- 
CTBO, B KOTOPOM pasBepTHIBalOllad CHCTeMa, aHaJOrMunan Te1e- 
BU3HOHHBIM CHCTeMaM pa3BepTKH, MpeodspasyeT KpuByW, 3a1aH- 
Hy!0 rpadukoM MH OMpeAeAAOUyIO MOBeeHHe CHCTEMbI B HeyCTa- 
HOBMBUIEMCA Pe2xKUME, B HANpAKeHHEe, KOTOPOe 3aTEM YMHOMKACTCA 
Ha coswt u sinwf wu WHTerpupyeTca IIA NOAYUeHHA HalpwKe- 
HHA, MPOMOPUMOHAbHOrO YeHaM 


P T 
f f@coswtdt u f f@sinotat. 
0 0 


Jina onpeneweHusa 9THX BeAHUMH Ha KaxKAOM YacToTe TpeOyerTca 
oxon0 | MHH. B HacToaulee BpeMA 93T&a JKOHOMHA BPeMeHH 
NOCTUPAeTCA 34 CY€T MOHHKEHHA TOUHOCTH, HO MOKHO OKUMATH, 
uTO Ja/IbHefiliee YCOBeEpLIeHCTBOBaHHe MpHOopa AacT BO3MOXK- 
HOCTb MOBbICHTb €rO TOUHOCTD. 

He3aBHcuMO OT MeTORA HHTerpHPOBaHHA, NPHMeHACMOrO AA 
NOJlyYeHHA YaCTOTHOH XapaKTePpHCTHKH, FeOMeTpPHNeCKaA (bopma 
BXOMHOM (PYHKIUMM OKASbIBaeT CYLNeCTBeHHOe B/IMAHHEe Ha AMatla- 
30H YacTOT, B HpefesaxX KOTOPOTO MOXKHO MOJYUNTh HalexKHoe 
npeoOpasopanue, u NosToMy TpedyeT kK ceOe MpucTabHOrO 
BHUMaHHA. Tipeo6pasopanve ypbe OT BXOAHOH BeJIMYHHbI 
XapakTepusyerT BOsOyKMeHHe CHCTeMbI Ha OOOH YaCTOTE. JiByMsA 
MIpeHeAbHBIMH BHaMH BXOMHBIX CHTHAIOB ABIAIOTCA CTYNeH4a- 
Th CHrHad WH MMIMYJbCHbIK CHrHad. 

IIpeo6pasopaHue Aa eMHAYHOrO CTyMeHuaTOrO 6 CHrHata 
paBHo I/w, uTO OSecmeynBaeT OeCKOHeUHO? BO3sOyKMeHHe AA 
cocraBasiouleli c uacToTOH, paBHOoH Hy i0 (ycTaHOBMBUeeca 
COCTOAHHe), 34 CueT OCMA6eHNA BOSOYKAeHHA Ha OOCe BbICOKUX 
uactoTax. HaoSopot, HMMy/IbC (C MpOO/DKHTCAbHOCTbIO BO 
BPe€MeHH, paBHOM HY10) MMeeT NOCTOAHHY!0 BeMYMHYy npeoopa- 
30B4HHA BO BCeM CHeKTpe yacToT. TakuM O6pa30M, 11a OO.b- 
INMHCTBa MpHMeHeHHH HMIMNY/bC ABAACTCA OMNTHM@bHbIM BHOM 
BXOJHOH BeAHUHHbI, TOPMa Kak CTyMeHvaTaA BXOAHaA BeAMYMHa 
aeT XOpPOWMe pe3ybTaTbl TO.bKO Ha OYe€Hb HU3KUX YaCTOTAX. 

B peambHbix u3HyeCKHX CHCTeMaX HEBO3MO%KHO NOJYSUTS 
NOAAMHHEIH AMM Jbc, H HanOOvee TOUHbIM MpHO/MMKeHHEM ABAACTCHA 
TPCyPOubHbIt BXOJHOM CHTHa C KOHCYHBIM OCHOBaHHeM 10 
och sppemenn 7. Monyab mpeoOpasopaHnA TpeyrojbHOro 
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MMNYJbCa C CAMHMYHOR MAOWabiO ONpeleametTcA BbIpaKeHvem 
_ 8 oT | 

|= Tapa (1 —cos F). (34) 

OuesuaHO, 4TO [8] sBanetca dyHKuuet wT wu paBnserca Hy 110 


npu of = 4n, Sz, ... [aa 9THx ToYeK npeoOpasoBaHne BEI- 
XOAMHOM BeAMYMHbI Tak2Ke paBHO HYJ0, .UTO RemaeT YaCTOTHYIO 


Hanyaoc |§{=1 





7,0 
I - mpeyzononotii 8 : 
08 uMnyAbG NN. | 5]=s772(1-cos +) 
| 2- cunycoudaan- : wt 
Hbitl UMTIY AGG | 151 ne wotye OOS 9 
; Q6 Biniggees enn Sees 
| oud umnynsc J 1 [Sl= = Sin “5 
| we pase 
ae 04 
02 
‘0 


Pur. 3. Amnautyxb npeo6pa3zosanua aaa MMILY AbC- 
HbIX BXOJHBIX CHFHaJOB C CXHHMYHOH Maomarbio. 


XapaKTepHCTHKy HeonpedereHHon. [aq uMMyAbcosB Apyrou reo- 
MeTPHYeECKOH opMbl NomyyaloTca oO HeKOTOPOM cTeneHU aHa- 
AOPHYHble MpeoOpasoBanva, KOTOPbIe MOKasaHBl Ha cur. 3, rye 
BeMMUnHEE |6| Ad TpeyrowbHoro wu nmpaMoyroabHoro MMMy Jb - 
COB, @ TaKKe JA MMNyJbca B BUe NOMYBOAHEI CHHYCOMHI, 
MpeAcTapAcHbl B @yHKWWH Oespa3sMepHOo acTroTHOH nepe- 
MeHHOM w/. B kaxkoOM cayyae mMolkanb, orpakWueHHaa HM- 
NYAbCOM, H, Cie€MOBaTeAbHO, AaMMAMTYb, COOTBeTCTBYIOUMe 
HyWespokK ywacToTe, paBHbl elMHHuUe. Tpw KpHBbIe MMeIOT TOK Ae- 
CTBeHHY10 (popMy, MpHO6avxKasch K HYTO LAA BeAMUHH wT’, MexKa- 
WHxX B ipewetax oT 2m nO 4m, MW ABAMIOTCH THMMUHBIMH Jas 
JiOObIX HMITYIbCHLIX BXOMHBIX CHPHAIOB MpousBOmbHOH Popul. 

/laa noayueHva HanOouee TOUHLIX pe3syAbTaTOB BeAMUMHAa | 8 | 
AOMKHA ObITb KaK MOXKHO Goubule B Mpemetax MoOsOCHI paccma- 
TPHBaeMbIX YaCTOT, MH MOSTOMY 2KeMaTeAbHO BLIOMPaTb MMMY1bC 
© AOCTATOHHO Ma@JbIM OCHOBaHHeM TaK, UTOOB! npH HanGOouee 
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BLICOKOM YacToTe wT He npesbiuana 360°. Dro osHayaeT, YTO NpH 
UCHOAb30BaHHH MpOK3BOAbHOrO BXOHOFO MMMyAbCHOTO CHrHada 
Cc ocHoBaHHeM 1 ceK. B OOMWIeEM CAyYae MOXKHO OMpeleJMTb 4a- 
CTOTHYIO XapaKTepHCTHKy C MOcTaTOYHOM cTeMeHbiO TOUHOCTH 
B Mosoce, OrpaHwyeHHOM yacToTOM nopsaKa 6 pad/cex. Ecau On 
OCHOBaHHe MMMyjbca 6bAO yMeHbWeHO Jo 0,0 ceK., TO MaKCH- 
MaJbHafd HakeoKHad YaCTOTA MOBLICHaCb Obl 1O BeAMUMHbI NO- 
panka 12 pad/cex Mp ycAoBHH, TO He NpOMsOAAeT samMeTHOrO 
yMeHbWCHHA MAOWakH, OrpaHHyeHHOM MMIMMyJIbCOM. 


Sane WT 
(5|= are 


-_€ __ gj 
[5I=5- corye Sin @T 


et ae 
“12. (wT)? 


5] cos wT 





Pur. 4. Ammantyab mpeo6pa30saHuaA AAA MOcAeTOBa- 
TEAbHOCTH CHHYCOHAAIbHBIX HMNYADCOB. 


Onnako 21a moOoh pusnyecKOH CHCTeMbI CyLUeCcTByeT MaKCH- 
Ma/IbHaf CKOPOCTb NOMayW BXOAHOM BeAHUHHEI. CaenoBaTesbHO, 
yMeHbuleHHe 7 HMKe HeKOTOPOrO MpeeAa O3HayaeT YMECHbIIe- 
HHe MOWatv, OfpaHH4yeHHOH HMMyJAbCOM, H CONPOBOKMaeTCcH 
yMeHbIUeHHeM OOle BeTHYMHE! NpeoOpasoBaHusA. TlosTomMy HaH- 
6oulee #KeNaTebHa TakaA BXOJHAA BEAMYMHA, KOTOPAA Mp AOCTa- 
TOUHO OOADWONH NAOWLANM MMMysbCa WMe1a Obl MOCTATOYHO MaJOe 
OCHOBaHMe MMMysbca. OmHako Ja caMOJeTa BMKeHHe py leh 
JLOUMKHO OFpaHH4HBaTbCA MOCTATOUHO MaJIbIMH BeJIMYMHaMH JIA 
NoyYeHHA AWHeHHOK peaKUMH CHCTEMBI. 

Uacto B TeX CAyyasX, KOra HEOOXOAMMO NMOJYYNTb TONHBEIE 
WaHHbIe B OFpaHHYeHHOM AMaNa3zsOHe YacTOT, MOKET OKagaTbCcn 
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*KeMATCAbHEIM HCMOMb3OBaHHe MOCACLOBATeABHOCTH MMNY JACOB, 
nodOOHOK H300paxkeHHon Ha ur. 4. Ha strom rpaduke nocTpoeusi 
KpHBBIe, ONpPeAeAmOUMe BEAMYHHE MpeoOpasoBaHu AAA OnHOrO, 
mByX MW Tpex uMMysbcos. TInowadb, OrpadwueHHaA KaKWM 


- 


Lae" ee Ca aes ae ee ee 


pad/cex 


KOpOGMb MaHZa}Ka 


6 
' 
S 


pyns 


avicoms: 6, 2paa 
rs 


«  Omxaonexue 








0 04 08 I2 16 20 24 28 32 
Bpeys t. cex. 


@ur. 5. Tunuunaa 3annch nepexognoro mpouecca 

mO CKOPOCTH TaHraxka, NOAyGeHHaA pun AeTHEIX 

MCMbITAHHAX. XapaKTePHCTHKA ABYOKEHHA PyaA BLI- 
COTH HMNYAbCHOTO THTIa. 


pesybTaTH ACTHNX HCIWTAaHHh; — — —~— pesyabTaTH, 
NOAY4eHHWE C NOMOUIbIO MOAeaH, 





NOAyMepHotoM, paBHa eAuHuue. CunycoumaabHble MMIy AbCBI 
HCNOJb3OBaHbI B STOM MPHMepe BCJeACTBHe MpOCTOTH BHIYH- 
C€HHA, HO MOJYYeHHBI€ KpHBble THNMYHH Aaa mo6of mponus- 
BOAbHOM opMbl MMMyabca. Yeeanyenve 4HCAa NepHodoB yBesu- 
UHBaeT BOBOy2KAeHHe Ha aHHOM YacToTe, NpHOAWKeHHO cooT- 
BeTCTBYIOWeh wT =n, HO yMeHbWaeT WMpHHy paGoueft nowochl 
uacToT. Hanpumep, ecu HeoOxo2HMo HaitTH TOWHY!O BeAHYHHY 
mpeoOpasopanva B AManazoHe yacToT oT 4 m0 6 pad/ceK, TO 
KEMATEbHO HCNOMb3OBATb MOCAeMOBATeAbHOCTh M3 BYX WAM 
TpeX HMMY/JIbCOB C OCHOBaHHeM nopsaka 0,6 cex. 

Ha dur. 5 npusenena TMMHYHAaA 3aNHch peakWHH NO CKo- 
POCTH TaHraxKa Ha HMNYAbCHOe ABM)KEHHE Py/Id BbICOTHI, Cle- 
NaHHad B YCOBHAX MoweTa. KpuBble nmocTpoeHbl Ha OCHOBa- 
HHH doTorpadwyeckHx 3anucef, cClentaHHHxX g3aNWCbIBalOULHMH 
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MCMbITATeIBHEIMH MpHOopamnu. Beanguuy g uo Ta6yHpOBaHbl C HH- 
Teppanom 0,00 cek. H NpOaHatH3HpoBaHbl NyTeM anpOKCHMaLLHH 
dbyHkuni [Bpemenn cemeficrsom napa6oa. Jlaa storo npumepa 
pyukuna g(t) mOocTHraeT YCTAaHOBMBUIeHCA BeAWUMHEI, paBHor 


Amnnaumyda i 4 / 














Yacmoma w, pad/cex 


Pur. 6. Uacrotuple xapakTepucTHKM CKOPOCTH TaHraxa Mpu moBopote 
PpyiA BbICOTHI. 





BLINHCACHO NO ypaBHCHHld (40); C) — 9KCNeCpuMeHTaAbHbe AaHHble. 


HY 0, MpHOMM3MTebHO Yepe3 3,0 CeK., 4, CACLOBATeAbHO, BTO- 


pol HHTerpad ypapuenua (27) paBHaetca Hysmt0. Ecan nmpuuatp, 
HampHMep, uTO w= 4 pad/cek, TO HeOOXOAHMO BBIYHCAMTb 


3,5 
R= f g (t) cos 4t dt = 0,0847 (35) 
0 
u 
3,5 
f= — f g(t) sin 4¢ df = —0,0777. (36) 
0 
STO BbINMCeHHve NOBTOpsHetTca gaa O(¢f), MpHyem npH w= 4 
no.yuaiotca Bemnynnbl R=0,0279 nu J—-—0,0331. Toraa 
nosmyuaem | 


q[jo] _ 0,0847 — j 0,0777 


= J7,36° 
8 [jo]  0,0279 — 70,0331 2,65e°" (37) 





Sta onepalua YHCeHHOrO MHTerpHpoBaHua Oba BbINOAHeHa 
aa paga uacroT B AuanasoHe oT 0,0 20 16 pad/cex; noazy- 
yeHHad “aCTOTHaA XapaKTepuwcTHKa MoKasaHa Ha dur. 6. Ha 
aMIIMTY WHOM XapaKTepHCTHKe MMeeTCA PesOHAaHCHBIM NHK IIpH 
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yactote, OuusKoH K 4,5 pad/cex, YTO THIMYHO AAA Kose6a- 
TebHEIX cucTem BToporo mopaaka. [loaoxeHHe STOTO NHKa 
O6LIUHC ONpedetneT AMAaNa3sOH YaCcTOT, NpeAcTaBAIOWlMA WHTe- 
pec Aa uccweqopatean. OWHaKO, Kak yKa3bIBaNOCb BbILIe, TOU- 
HOCTb, C KOTOPOM MOFyT BbIMHCIATbCA XapaKTePHCTUKH B Mpe- 
nenaX 9TOrO jMama3goHa, 3aBMCHT OT XapakTepa BXOJHOM BeuH- 
UMHbI H BEAMUMHbI HHTEPBaa BPeMeHH, DAA KOTOPOrO COCTABJCHbI 
TAOAMUbI MepeXODHbIX MPOLleccos. 


[peoGpasopanne YacTOTHBIX XapaKTepHCTHK CHCTECMBI 
u3 rpatuyeckoH OpMbI B aHaJHTHNECCKY!0 


Bo MHOrHX Cay4adX MOMKHO OFPaHH4MTbCA OpeieeHHeM 
yaCTOTHOM .XapakTepHCTHKM B rpacpuyecKoH dopme, HO 4acTO 
KeNaTeIbHO WAH Nake HeOOXOMMO (HalpuMep, AIA UCCeLOBa~ 
HM C MOMOMLbIO MOMeAMpyIOWWMX yCTPOMCTB) BbIPAasHTb 9TH DaH- 
HbI¢c B aHaJHTHYeCKOH dopme B Buse NepeaTOuNbix (dy HKUWHA, 
uTO OCObeHHO BaXKHO TIpH HCCAeOBaHHH CHODKHBIX CHCTEM. 
UncaeHuble’ 3Hav¥eHHA KOO@DUUMEHTOB MepeaaTOUHOH PyHKWHH 
MOryT ObITb OMpedeieHbI 10 rpaduky uacTOTHOM XapakTepH- 
CTHKH WJM HemOCpeACTBeHHO MO NapamMeTpaM NMepexoANoro Mpo- 
wecca. B m060M cayuae BOSHMKaeT 3aa4a aNpOKCHMallMM KPH- 
pofi, T. e. 3a0a4a ONpeeweHHA YMCeHHOrO ypaBHeHHsA, HaH- 
nyyuuM OO6pa3soM OMMCbIBaOLerO HeKOTOPY!0 COBOKY NHOCTb 
QKCIEPHMCHTA/bHbIX JAHHbIX. 

MerToabl ampoOKCHMallMH KPHBbIX MOXKHO NOApPa3seAMTb Ha 
pa OCHOBHLIX THMa: aHaJMTH4ecKHe HM Tpaduyeckue. AxaJMTH- 
ueckve MeTonb! [13—17] 4acTO OCHOBaHbl Ha HCNOMb3OBaHHE 
meTONa HaMMeHbIIMX KBalpaToB, H BO Bcex Cay4adx HeOOXOUMO 
3HaTb, WAM MO MeHbilleH Mepe 3apaHee 3aaTbCA BHILOM Tepe- 
qaTouHot ‘yHKunH, T. e€. CTeMeHAMH MHOPONIeHOB, CTOAULMX 
3 UnCMTeTe H 3HaMeHaTewe nepemaTouHoh dyHkunH. Torsa 
galaua CBOAMTCA K OMpedeseHMio (Aa RAaHHOH MOCeOBATeAb- 
HOCTH 9KCICPHMCHTA/bHBIX SHaYeCHHA HW ypaBHeHHaA 3a aHHon 
(pOpMbI) HaWAyULINX YHCeHHbIX 3Ha4YcHHA KOIPPHUMeEHTOB, MPH 
NOACTAHOBKe KOTOPbIX ypaBHeHHe HawOoee TOYHO OMMChIBAeT 
9KCMepHMeHTambHble ManHble. TloqoOubie MeTObI TpeOy!0T BbI- 
omHeHua | TpyAoeMKUx JeficrBHH, OcoOeHHO eCIM MpHHATad 
nepenaTouHad *yHKiWMa UMeeT MOPAAOK BbIME BTOPOTO. Kpome 
TOrO, HeOGXOAHMO MOJb3OBaTbCA aHHbIMH, ONpeeeHHbIMH 
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C BbICOKOH CTenelbiO TOUHOCTH, He BCeraa AOCTHKUMOM npu 
A€THbIX HCMbITAaHHAX. 

Tipu avasuse JaHHbIX, MOAYUeCHHEIX Mp JeTHBIX UcnbITa- 
HHAX, HEKOTOPHIe rpaduvyeckve MeTORbI HMeIOT MpakTuyecKne 
NpeHMylilecTBa MO CpaBHeHHiO C YNMOMAHYTHIMH BBIWe aHalHTH- 
4YeCCKHMH MeTOJaMu. OHH M3 MeTONOB ONpedeweHHa UNCTeHHEIX 
KOSPPUUMEHTOB MepetaTOuHON yHKUMU 10 rpaduKky yactoruoh 
XapaKTePHCTHKH, C YCMeXOM NMpHMeHABLIMACA B OmMccKOH aspo- 
HaBHrauMOHHON AaOopaTOpHH, MCKOUaeT 3HAYATeJbHyIO YacTb 
TPYAOCMKHX BBIUHCeEHHA, JOMYCKaeT BO3MOKHOCTH ObICTPOti 
OWeHKH BaHHbIX (YaCTO DaHHble, NOAYYeHHbIe MPH AeTHBIX UCMBI- 
TaHHAX, OLIBalIOT HENOAHOUCHHBIMH 3-34 JOMOAHNTeADHEIX BO3- 
MYUCHHH, BbISBaHHbIX, HampHMep, pe3sKHM BETPOM) H He TDpe- 
OyeT allpHOpHoro onpemeseHua Buda nmepenaTouHod (PYHKUUH. 

OTOT MeTON 3aK04aeTCA B ANPOKCHMAaLLH rpadukos yacror- 
HbIX XaPaKTeEPHCTHK C NMOMOIIbIO PAA WaOAOHOB YaCTOTHBIX 
XaPaKTePUCTHK, ONpewenAOWNX PyHKUMH KOMMAeKCHOM mMepe- 
MeliHOH NepBporo WH BTOporo NMOpAAKOB 


1) 


Ig [1-+-jwr] u Ig E a ooh = (=) | 


re tH w/w,— Oespa3MepHble YacTOTHbIe MepemMeHHbIe uC —~ 
KOSPPuuneHT AemMndupoBanud. Oru waGAOHb, u3roToOBAcHHEIe 
H3 MpO3spayHOH NMAacTMacchl, OblM MpewoxKenst K. Jpetinepom 
(JlIabopaTropua mpuOopocrpoenus Maccayycerckoro TexHosoru- 
yeCKOrO HHCTHTYTa) MH ONMCaHb! B paGote [18]. Komnuaekr ma- 
OAOHOB COCTOMT M3 ABYX Wa6AOHOB, COOTBETCTBYIOULUX KPHBEIM 
nepBoro nopadKa (10rapHMuyeckHe aMMMINTyAHaa HM cba3zo0Baa 
XapakTepHCTHKH), H WaOOHOB, COOTBETCTBYIOUIMX CeMelicTBy KpH- 
BbIX BTOPOrO MOPAAKa C Pa3IM4HbIMM BeJMUHHaMH Mapamertpa C. 
O6pas3ibl STUX WaGTOHOB MOKasaHbl Ha dur. 7 u 8. Beauyuua, 
COOTBETCTBYIOWaA e€HHHWe Ha WIKaaX Oe3spa3MepHOH uacToTHl 
(wt H w/w,), Ha3blBaeTcA TOUKOM compmxKeHHaA. 

B oOiuem cayyae aia AWHeMHDIX CHCTeM MHOFOUTeHI, O6pa- 
SyIOUlMe UHCAHTeb WH SHaMeHaTeb MepelaTouHOn cbyHKunH, 
MOryT ObITb pa31OX%KeHbI Ha MHOMKUTeEAM NepBoro HK BTOporo 
NOPAAKOB, HMeIOWMe yKasaHHyiO Bbllle dopmMy. Torga KpusBas 
YaCTOTHOH XaPaKTePHCTHKM MOXKeT CTPOHTBCA MyTeM HadexKa- 
WlerO PacChOmOKeHHA HEOOXOAMMEIX WAaOJIOHOB OTHOCHTebHO OCH 
“aCTOT MH CYMMHPOBaHHA OrapH@MOB aMMIMTYL u casoBnx 


yroB. 
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Bo3sMOKHO TakoKe peulenwe OOpaTHOH 3a,a4W HaXxO#K DeHHA 
YJeHOB NepBoro H BTOPOTO NOPAAKOB, COCTABAAIOUNMX YaCTOT- 
HyIO XapaKTepUCTHKY, MpeAcTaBAeHHyio B rpaduyeckoH dopme. 
IIpH STOM 4YaCTOTHad XapaKTePHCTHKa BbluepYMBaeTCA Ha TOU- 
HOH a0rapHdMHyecKOH wkase,.wW NyTeM HadaexKallero KOM- 
OMHHpOBaHHA waOTOHOB OONYHO yaeTCA NMocde HeCKObKHX 
NOMNbITOK HaHTH OHY KOMOHHALLMIO, TOUHO COOTBETCTBYIOLLYIO 


Eo Va 


Ib 


0,3 





pees V+ (tw)? 


45 


Dasa, arctg Tw 


Cd 
Ca | 


0 


Sr 
S 
iW) 


ro —e 


®ur. 7. UactotHan xapakTepuHcTHKa A 
ujeHa Nepsoro nopagKa | 4+ to. 


OTHOWEHHIO aMNAUTyY HW dasopomy yray. Ora ywacTHad KOMON- 
HallHA MO8BOAdeT HaHTH COpMy ypaBHeHHA, HaWOoee TOYHO 
ONHCHIBalOlWkerO YACTOTHY!O XapaKTepHCTHKy B ee ppaputeeko™ 
npeAcTaBJeHHH. 

Ha cur. 9 noka3aHO, KaKWM 05pa30M Ja 9KCMepHMeHTaAb- 
HOH XapakTepucTuKu, H306paxeHHOM Ha cur. 6, nom6upaetca 
MHOKUTeb MepBOTO NOpAAKAa, CTOAUMA B YHCAMTeNe BbIpake- 
HHA, H cea BTOPOrO NOpsAAKa, CTOALWIHA B 3HaMeHaTede, 
npu BenudnHe Kooppuunenta AemMnduposanua 6— 0,3. (Coor- 
BeTCTBYIOWWMA non6op casopo4 xapakTepucTHKn He NOKa3aH.) 
Touka cONpsxKeHHA KpuBOM NepBoro NopsAAKa MomyyaeTcaA NpH 
w = 1,27, otkyga t= 1/1,27 = 0,82. Ananornunim o6pa30M 


98 3ax. 2356. 
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JIA TOUKK COMpPAKCHHA KPUBOK BTOPOrO NopaAAKa w, = 4,65. TMo- 
CTOAHHaN ycuieHna K (ammMTyQa Mpu yacTote, paBHo Hy.10) 

coctaBseT 0,460. Torna ne- 
penwaTouHan yHKuMA 3anu- 
WweTCA B Bue 


q 0,460 (1 + 0,82s) 

an 20,3 s \2° 
1+ tae s+ (aes) 

(38) 
Uycaenuble 3HaveHHA mepe- 
aTOYHbIX PyHKUMH, Haliqen- 
Hbie C MOMOLULbIO LUaOJOHOB, 
MOrYT OKa3aTbCA TOCTAaTOUHO 


— 
o 


Amnaumyda t1-(a2)?]*+ [26 & J?¥ 








20, 
Wy? 
wn) 


=( 


Toyxa ujauma 


Deca: mec 








arctg 


1q/5t 





Pasa 9 

















oR L- 
'y 
W/Wy se Oe 


Hormoma ov, padseer 


mur. 8 UactotHad xapaktepn- ur. 9. Ilon6op sxcnepumMenTaqp- 
CTHKa AAA UleHa BTOPOrO NOpAAKa HOH YacTOTHOH XapakTepHcTHKH 


C MOMOINbIO Wa6OHOB. 


Qt ay! 

‘ wo /—4u4AeH nNepsBoro nopsaaKa; 2—4eH BTO- 

1 -F oe a : poro nopsuKa; C)— 9kcnepuMeHTaabuHe 
n n AaHHble. 


TOUHBIMH JIA MHOPHX MpHMeHeHHA; OAHAaAKO HHOra KeaTeAbHO 
RaIbHeliWee MOBLILWeHHe TOUHOCTH STHX JAHHbIX, YTO MOCTuraeTcA 
I1pH NOMOWH MOAeCAMPyiOLWuX ycTpokicts (c TaOAMWaMH BXOJHBIX 
HM BbIXOJHBIX BeAMUMH). TipH mpuMeHeHHH Takoro MeTOJa nepe- 
WaTOwad MYHKUMA C YACJICHHBIMH BeAMUHHaMH, Ha eHHBIMM Tp 
MOMOWM Wa6AOHOB, BBOAMTCA B BBIYHCIHTeAbHYiO = MalliHHy. 
SinWCb HCTHHHOrO H3MeHEHHA BXOAHOFO BO3MYLUCHHA BO BpeMeHH, 
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BOSAeCHCTBYIOLUErO Ha CaMO/IeT TIpH NpOBeAeHHM JAeTHBIX HCIbI- 
TaHHh, HCcnoAb3yeTca B KayeCTBe BXONHOH BeJIHUHHbI, TOP Ma Kak 
BLIXOAHad BeH4YHHa CpaBHUBaeTCA C XapaKTePHCTHKOM, Nony- 
YeHHOK Bi YCAOBHAX NOJeTa. TOYHOCTh CoBMayeHua 3anuceH m03- 
BOACT CYQMTb O TOUHOCTH ONpezeAeHHA KOS*PDUUMEHTOB C O- 
MOWbIO wWa60HOB. Ecau 3amvcH He COBMalaiwtT, TO BeAHYUHHbI 
koopou wHenTos, 3aNaBaeMbIX B BLIUMCAMTCALHOA MalHHe, AerkKo 





f; Aauwvre o nepexoduom 





npouecce 2. Yacmomuan xapakmepucmuna 
A : qi LZN 
q Day ord » Fa | Z\ 
_ Pypee 
6 | ? ao 
w 
| Ha6soues 


Co + C,5 


s*+ bs+k 


q 
°) 


. Am : Cease < 
yempoticmeo 
t 


4. Boixodnan senuuuna 
mode aupytoujezo yompoiicmea 





3. Nepedamounan pynxyun 


Pur. 10, MocaeqopateabHocTs onepayui npu npeo6pa3oza- 
HHH aHHbIX. 


MOXKHO H3MCHATS LO TeX Nop, moka He 6yaeT NoAyyeHO TOUHOE 
CooTBeTCTBHe. OTOT MeTOA MO3BONAET He TOAbKO MOBLICHTD 
TOUHOCTh ONpeAenenuA KOSPPUHHEHTOB, HO M MOAHOCTbIO Mpo- 
BePUTb MPaBHIbHOCTh BCero aHa.iu3a 4), 

Ha dur. 10 B cxemaTuyeckow dopmMe moKa3aHa nmocaenosa- 
TCJbHOCTh ONepalu, COBepLIaeMbIX Hal, JAHHbIMH. 

J{1A NaHHbIX, HCMO/b3OBaHHEIX B MpeAWeCTBYIOWEM MpHuMepe, 
mepemaTounHad @yHKUWMA, HalAeHHad C MOMOLbIO wWa6AOHOB, 
Oblia mpeoOpasosaHa MOCpeACTBOM BBINMCJMTebHOR MALIHHBI 
nr 

1) Tlpw) Hcc1eqOBaHHH XOPOUIO M3BeCTHEIX CHCTeM ¥aCTO MpemcTa- 
BAACTCA BOSMOMHBIM NMOAHOCTHIO HCKMIOUMTb BHUACMeHHE YaCTOTHOH 
XapakTePHCTHKH H HCNOAb3OBATb MOReAMPywilee ycTpolicTBo ANA He- 
mocpeAcTBeHHOrO oOnpexeteHHA NepexaTouHoH yHKMH, HCxOAA H3 
XapakTepa H3MCHEHHA NePeXOAHLIX MpoOWeccosB, Np YCAOBHH HaNHUHA 
ROCTATOYHO' NOAHEIX RAHHAIX O NepewaTouHOH dyHKuun. 


28* 
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TAKUM OOPa30OM, YTOObI NOAYYNTh TOUHOE COOTBETCTBHE, MOKa3aH- 
Hoe Ha pur. 5. Coorsercrsyioulad nepeaTounad PyHKWMA B OKOH- 
yaTebHOH opMe OMpedesAeTCH BbIPAKeHHEM 


gq __ 0,415 (1 + 1,048) 
7 Cees Se (39) 


ek eae a 
4,70 s+(a79) 
KOTOpoe MOXKEeT ObITb 3aNUCaHO Tak: 


q 9,16-+ 9,52s 
@ s4+3,35s+ 22,1 © (40) 


UactoTHad XapaKTepHCTHKa, BEMMCeHHaA MO 9TOMY ypaB- 
HeHHIO, TipewcTaBjieHa B Bue KpHBOM Ha cur. 6, MpwyeM Mouy- 
YeHO OYCHb XOpoiee COBMaNeHHe C H3MepeHHOH XapaKTepHCcTH- 
KOH Ha BCeX “acTOTaX, 3a HCKJIOUeHHeM YacTOT BLIle 8 pad/cex. 
OrKknoHeHua Ha 6oaee BBICOKMX 4acTOTaX MOryT OOycJOBUIH- 
BaTbCA YMpyrHMH e*OpMauMAMH CaMOJeTa BO BpeMA NoweTa 
WM HeMOCTAaTOUHO BbICOKOH TOUHOCTbIO aHasn3a MepexoaHoro 
mpowecca ¢ NOMOWbIO NpeoOpasoBanHuA Pypbe. B m060M C.uly- 
yae pacxowKmeHHe He BJMACT Ha XapakTeP M3MCHCHHA KPHBbIX 
Ha dur. 5. U3menenue Koopduunentos ypasHenult (38) u (39) 
MOKAa3bIBaeT CTEMeHb TOYHOCTH, MOCTHraeMy!0 TPH HCIO.Ib3OBa- 
HHH ORHAX TOJIbKO WaOJIOHOB. 

OuepugaHO, YTO MepexaTouHad MYHKIWMA, HaWeHHad 9KCIIe- 
PHMeHTa/IbHO, HMeeT Ty %Ke *opmy, 4YTO HM *PyHKWMA, NOAyueH- 
Had aHa/JIMTHYeCKH H3 TCOPeTHYCCKHX YpaBHeHHh ABHKeHHA 
(ypasHenve (24)), a, CaeMOBaTe/JIbHO, AOMYWICHHA, ClewaHHble 
Np BbIBOMe ypaBHeHHa (24), MpaBHAbHO OMMCbIBaIOT JBWKCHHA 
9TOrO CaMOJIeTa. | 


BuanaAHHe H3MeHEHHA CKOPOCTH H BBICOTbI Ha XapakTepHCTHKY 
camouleTa 


Mepenatounan dbyHkuus, HaleHHad MO MaHHbIM JeTHbIX 
UCHbITAHHA, CHpaBeAAUBa TO/JIbKO AA TeX YCOBHH MoweTa (CKO- 
pocTb HM BbICOTa), TIpH KOTOPHIX MPOH3BONMIMCh UCMbITaHHA. 
Onynako MOMKCT ObITb 2KeMaTeIbHbIM ONpewetenve XapakTepu- 
CTHKA CaMOvleTa JA HHbIX paOO4HX YCOBHH, MIA KOTOPbIX He 
UMEETCH SKCNEPHMeHTANbHBIX JICTHBIX JaHHbIX. B HeKOTOpbIX 
civuaax TpeOyemble CBeeHHA MOFyT ObITh MOAyYeHbI MyTeM 
9KCTpanomAWHH KoOSPPuuUMeHTOB NepedaTOuHOn PyHKuMH. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 





sanitized one Approved for Release 2010/06/16 - CIA-RDP80T00246A045100330001-4 


13. Onpederenue “acToTnelx xapakTepuctux camoneta 6 noagre 4137 





CoraacHo TeopunH novieta, aSpOMHHaAMHyeCKHe CHJIbI WH MO- 
MeEHTHI, MeHCTBYIOLIHe Ha CaMOJIeET, MpPONOPUHOHAAbHEI AHHaMH- 
yeCKOMy JaBaennio pV2/2, u Takum o6pa30m Z u M o6puHo 
BbIPaKalwTCcA B CENYOUWeM BH: 


2 
Z=—L=— OC, | (41) 
M = Cy SVS, (42) 











rae L—noavaa nowpemuad cua, a Cz u C,,— G6e3spasmepunie 
KOSPPHUMEHTE! MOA bEMHOM CHIBI WH MOMEHTAa. TIpu ucno«b30Ba- 
HAM STHX OOO3HAYeHHA MOMKHO 3aNNCaTb YaCTHHe NPOMSBOAHbIE 


B ypasicNaax (17) u (18) B Bune 





i V4Sc 
| L,= == = Cle» M; = a OF Cins» 
| eee. 42 pVSe? 
eis Omi m CT M9 = “ap, Omg 
_ __ pV*Se _ pVSe? . 
l M, = “oy, Ome M.: — 4Ty Cas 
rae ac 





L 
Cre = Oa H. T. A. 


Toraa ,MOKHO BbIpasHTb KoSppuuvertH Cy u C, (ypaBue- 
HHe (19), B KOTOPOM MBI MpeHeOperan BCeMH OCTATOUHO Ma- 
AbIMA WIeHaMH) CAeLyIOWMM O6pa3om: 








p= SE — Cory + Cui) (43) 
p= — Come (44) 
Cy OP (Calne — Cus ng) (45) 
Coc: sm Cs (46) 


Beau MpousBonHble Cyzq WH T. 0. OCTAIOTCA MOCTOAHHBIMM BO 
pce o6macTH Uu3MeHeHHA yCAOBHH MoseTa, npencTaBaaioulel 
MHTepec, TO MOXKHO Cpa3sy salucaTb, ¥TO Hal KosdpdunueHTH 
a cielyiouuM MopMylaM NponopuMonaabHocTH: 

k~pV?, 
Com eV?, 
C,~ pV?, 
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[lockowbKy MAOTHOCTD BO3AYXa p ABAAeCTCA ABHOK Pynkuneh 
BHICOTbI, ITH COOTHOWEHHA MOSBOAAIOT 9KCTPanosMpoBaTb KoO9h- 
(PUUMEHTH SKCMeEpHMeHTAaAbHOK NepemaTOUHOA PyHKUMH H COOT- 
BeTCTBYIOWeH YaCTOTHOM XapaKTePHCTHKH B WaHHbIX Mpeenax 
H3M€HEHHA CKOPOCTH HM BBICOTHI. 

CyulecTBylOT HEKOTOpbie OFpaHHveHHA NA MpHMeHeHHA STUX 
COOTHOWeHHH, O KOTOPBIX ClenyeT ynomaHyTb. II pousBogubie 
OT apOMMHaMMyeCcKHX KOIpduuweHTOB, OyAyyH Mo cyulecTBy 
He3aBHCHMbI OT CKOPOCTH, H3MCHAIOTCA B 3aBUCHMOCTH OT BeJIH- 
uvHbI uNcaa M. XapakTep 9TOrO M3MCHeEHHA 3aBHCHT OT THMa 
maHHoro CaMOJeTa, HO OOBINHO 9TO H3MeHeHHe AOCTHTaeT OLy- 
THMOH BeJHUMHEE TOABKO Jaa uncet M cape 0,5. OngHako 
B Wana30He CBePX3ByKOBbIX CKOpOCcTeH M3MeCHeHHA MOBOAbHO 
BeAMKH H H€3aKOHOMepHB. Tora, CTporo TOBOps, AAA BLICOKO- 
CKOPOCTHBIX CAMOJICTOB MPONOPLMOHAJIBHOCTb COXPaHAeTCA TObKO 
AA U3MCHEHHA CKOPOCTH HU BBICOTHI, COOTBETCTBYIOWMX NOCTOAH- 
Homy uncay M. 

CyuectByloT Takxke Apyrue OrpaHuuenua, KOTOpHIe Heoo- 
XOMHMO paccmoTpeTb. IIpH oueHb MaJIBIX CKOPOCTAX HAH Ha 
OueHb OOMbWIMX BLICOTAX CaMOAeCT YPABHOBCLUMBaeTCA JIMWb MPH 
Oombwux yraax aTaku. Il1pu momeTax C O4eHb GOJbUIMMM yraMu 
aTaKH MOFYT BO3HUKHYTb HOKeMaTe/IbHble H3MCHCHUA HEKOTOPBIX 
IPOH3BOAHBIX OT a9PORMMHaMM4ecKHX KOSpdpuunenToB. Kpome 
TOrO, JAA CaMOJeTOB CO CpaBHHTe/IbHO FrHOKOH KOHCTpyKuMen 
ylpyrve neopmMalun BO BpeaA MOJeTa MpHBeLYT K H3MeCHCHHIO 
(bakTHYeCKOH BeJIMYMHbI HEKOTOPHIX MPOH3BOAHBIX B COOTBET- 
CTBUK C H3MeHeEHHeM JMHaMMYecKorO aBJeHHuA. HecmMoTpA Ha 
9TH OFpaHHYeHHA, MPHBeMeHHBIe BbILIe COOTHOWCHHA MOSBOAALOT 
OWCHHTb XapaKTep M3MeHeHHA XapaKTepMCTHK CaMOAeTa MPH 
W3MCHCHHH CKOPOCTH HW BBICOTHI. 


3aksroueHne 


Pacryulas moTpe6HOcTb B JaHHBIX, KaCalOUHXCA RMHaMMue- 
CKHX XapaKTePUCTHK CaMOJeTa, BbISBaa K %KU3HH COBEPLICHHO 
HOBy!O0 O64aCTb JIETHBIX HCMbITAHMH M aHasu3za. JlanHble 9TOFO 
THNa HMeIOT "UpesBLINaHHO BaxKHOe SHAYeHHe AA pacueTa aBTO- 
MHAOTOB H MOAHOCTbIO ABTOMATHYCCKMX CHCTeM YIIPaBJIeCHHA. 

HecmotTps Ha TO, YTO AWHHAMAYECKHE XapaKTeEPMCTHKH MOKHO 
BO MHOTHX CAyuaaX BbIYHCJMTb, HCXOAA W3 OOBIYHBIX MpOH3BO- 
HbIX OT aSPOAHHaMM4eCKHX KOIPPAUMEHTOB, MOMYYCHHEIX H3 
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HCNBITAHHA B ASPOMMHAMHYeECKON Tpy6e, wu TeopeTH4ecKHX HCc- 
CN€HOBAHHM, NAA MOAYYeHHA TOYHBIX MaHHEIX YacTO HeEOOXOLUMO 
npuOeraT K MeTOAY JeTHEIX HCMbITaHuM, yunTHBaa WWHDOKHe 
NpeNeibl H3MCHCHHA PaOOuHX COBH DA COBpeMeHHBIX Camo- 
neTOB. JimHaMMYeCKMe XapaKTePHCTHKA MOryT 6bITb npeacta- 
BACHBI B BUMe YaCTOTHEIX XAPaKTEPUCTHK, HO OHH MpHobperaloT 
HawOoNee| BaxkHOe 3HayeHHe, OYAY4M BEIPAKeHH anaquTHyecKu 
B opme mepegaTouHon cbyHKunn. Mpumenenve pasawunerx rpa- 
(PuYeCKHX CPeACTB COBMECTHO C 9eKTPOHHEIMH MOJe/IMpylo- 
LWHMH YCTPOMCTBaMM MO3BOJReT NpOUsBecTH OEICTpoOe Uu OCTA- 
TOMHO TONHOe OMNpededeHve NepexaTouHOH dyHKuMM CamMouerta 
NO QaHHbIM MepexoOZHOrO mpouecca, NoAyYeHHOrO ApH seTHBIX 
MCIbITaHHAX. 
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14. METOJ, OWEHKH HEJMHEMHbIX CJEDSUHX CHCTEM!) 


| M. Meamows 


ITpo6semMa OlWeHKH CweamieH CHCTeMbI, paccMaTpHBaeman 
B 9TOH CTaTbe, 3aKMOUaeTCA B OMpekeeHHH XapaKTePHCTHK 
9TOH CHCTeMbI MyTeM HM3MePpeHHA ee PeaKWHH Ha HMCHbITaTeJb- 
Hb BXOAHOM curHat. Hanpumep, 249 onpenenenna nepena- 
TOUHON pyHkuuHn AWHEAHOM CHCTeEMBI MOryT ObITb MCMOVIb30BaHbI 
AaHHble O' peaKWHH CHCTeEMbI Ha CHHYCOMMaJbHbIM, HeyCTaHOBHB- 
WHACA HAH cayuahHbIh BXODHOM CHrHa.. 

Sanaua OWeHKH SABAAeTCA OMHOM 3 OCHOBHEIX 3ala4 
B OOMacTH CeAULHX CHCTeM, H HeOOXOMMMOCTb yuayulleHuaA 
Cnoco6oB ee pelleHHA, OCOOeHHO JA He/IMHeEHHEIX Ce ALLHX 
CHCTeM, 2@BHO MpH3HaHa BCceMH [1]. MeTonbl OWeHKH, OCHOBaH- 
Hbieé Ha 4HCTO «wHHeHHOM TeOpHM, HaNpHMep Ha M3MepeHHH 
NepexXOAHOrO HH CHHYCOMZabHOTO Mpouecca, MMeIOT 8Ha4uH- 
TeJbHbIe OFrpaHHyeHHA. OTH OFpaHHyeHHA BOSHHKaIOT 43-34 
BIWAHHA HeAHHeMHOCTeH, KOTOPbIe CBOACTBeEHHbI BCeM CIE ALLMM 
cucTeMaM., B caMbix MieaJIbHbIX ClyyaaxX TpeG6yeTca TulaTesb- 
Had PeryAMpPOBKa AMIMAMTY Ab MCIbITATe/IbHbIX CHPHa10B, .YTOOBI 
oGecneyHTb Mp UCNbITaHHAX JHHeMHOe AelcTBHe carenauett 
cucTemMbl. Bo MHOrHX NpakTHM4eCKHX CyyaAx y CrewAUleH CHCTeMBI 
Heb3f OGHapyxXKHTb JManasoHa AHHeMHOTO aefcTBUA BBULY 
TOTO, YTO: BAWAHHE PasM4HbIX HeAMHeMHOCTeA MepekpbBaeTca. 
QTO MOXKET HMeTb MeCTO MPH HaAMUMH 30HbI HeYyBCTBUTeJb- 
HOCTH, CKa3biBalollefca Mpv MaJIbiX ypOBHAX CHTHaa, H HaCbiliie- 
HHA, BAKAOWErO Mp OOMbWIHX YPOBHAX curHada. B 9TOM cay- 
uae Jaa NomyyenuaA XapaKTepHCTHK AMHeEAHOM YaCTH CHCTeMbI 
MOUTH HEBO3MOXKHO HCTOJKOBaTb aHHble Ha OCHOBe JIMHeMHEIX 
METOJOB OLLCHKH. | 








(195, Mathews MV, Trans ATEE, Part Il, 74, 114-123 
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B ctaTbe HM3/laraioTca 1Ba MeTOD4a, CBOOOMHEIX OT OCHOBHEIX 
orpaHvyueHwit MNeHHbIX MeTOLOB OLLeHKH Onarowapa yuery 
HeJMHeHHbIX XapaKTePMCTHK, MpHCyWIMX CJleAAUIMM CHCTeMaM. 
Meppbit MeTOM OCHOBaH Ha MCNOAb30BaHAM JIA OWeHKA CHHY- 
COHMaIbHBIX JaHHbIX; BTOpOH MeTOA mOZOOeH MepBomMy, HO Jaq 
OWeHKH VMCHOMb3y!IOTCA WaHHble CyyaHHbIx CHPHaJOB. 


OueHKa NO XapakTepHcTHKaM CHHYCOHJAJBHBIX CHIrHAJIOB 


Cnoco6 OWeHKH C MOMOLIbIO CHHYCOWM4JbHbIX MaHHbIX OCHO- 
BaH Ha HCNOAb30BaHHH MeTONOB aHasIMTMYeCKOrO pacueTa peak- 
WMH HeEKOTOPbIX THMOB HeHHeMHBIX CAC NAWIMX CHCTeM, H3/102%KeH- 
HBIX KoxeH6yprepom [2] 4 JKoHcoHom [3]. B 9THxX padotax 





6 


Pur. 1. Crpyktypa HCCAeAYEMbIX CNETAWIHX CHCTEM. 


a@—Hennnehuad caenauiag CucTeMa; 6— 9XBMBaAeHTHAA KBa3sH- 
muHenHad cucreMa. CUMBOA p o3HauaeT onepaTop Andpepcn- 
UN POBaHH”. 


HeIMHeHHad CeALad CHCTeMa aNpOKCHMMpyeTCaA KBa3HJIHHeH- 
HOH cucTeMoH. TepMHH ,KBa3HIMHeMHEI S7eMeHT® WIM ,KBa3H- 
munefinan cucTema* B 93TOH cTaTbe OTHOCHTCA K AMHeHHOMY 
QNIEMCHTY WIM CHCTeMe, MapaMeTPbl KOTOPHIX ABAAIOTCA (PyHK- 
WHAMH BXOJHOTO CHrHala 9/IeEMeHTa WAM CHCTEMBI. 

Cnensiujad CHcTeMa, XapakTepucTuKu KOTOpOH HeoOxo.MMO 
ONpeMeAUTb, MOMKHA HMeCTb CTPyKTypHy!0 CXeMy, nmoJOOHYy10 
us06paxenHoH Ha dur. 1, a, KOTOpad CcooTBeTCTByeT OOBIMHOR 
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OMHOKOHTYPHOH caeamue cucTeme. IIpamaa wenb KonTypa 
COCTOMT M3 AByX JWHeMHbIX SJeEMEHTOB C mepeaTOUHEIMH 
dyHkunamu A(s) un B(s) uw O”HOrO GestinepuMOHHOrO HesHHet- 
HOrO SJleMeHTa C XapaKTepucTHKoh f(e.). Brixoa Heauneftuoro 


QeMeHTA | e@, ONnpememneTca y paBHeHiem 
e,=f(e), (1) 


re @|—BXOA HenuHefHoro 9qeMeHTa. 

TIepppit war B mpowecce ompeneneHua xXapakTepucTHK 
CHCTEMbI 3aKOUaeTCA B ONpPeeAeCHHH HavAyuMeH KBasHAMHeH- 
HOH ampokcumMauun (dur. 1, 6) HeanHefHo caensutet cucTembl 
MyT€M 34MeHbI HeAMHeHHOrO SeMeHTAa CenAWUeH CHCTeMBI ero 
KBasHAMHehHOn MOe/biO. KpasuanHehuoe mpeactasazenne xapa- 
KTepHcTHKH f(e,) HeauHeHHoro 97eMeHTa sBaReTCA MpocTor 


pynkunett ycunenua F(E,) [2,3], KoTopan onpenéasertca 
no f(é,) ¢ NOMOUbIO ypaBHeHua 


2 
2 : : 
FE) =a | FE sin 6) sin 6d. (2) 
cy 
TakuM o6pa30M, AA KBasHAMHeHHOM CHCTeMbI 
| , : 
= F(E,), (3) 


re @; H @;— COOTBETCTBEHHO BXO HM BbIXOL KBa3HMHeHHOrO 
QJ@MCHTA, A @;—-CHHYCOMMa C amnuuTyHoh Fy. 

IIpennomox%xuM, 4YTO KBa3HMHeMHaH CHCTeMa OCTAaTOUHO 
XOPOlWO ANPOKCHMUpyeT HeHHeHHy!O CileMAUly!O CHCTeMy, TaK 
YTO MaHHble HeAHHeEMHOK CHCTeMbI MOryT ObITb HCMO/Ib3OBaHbI 
AAA ONpeweneHua XapakTepHCTUK 9IEMeHTOB KBa3HAMHeMHOn 
CHCTeMBI. Mepenatounpie byHkunn A(s) 4 B(s) 4 KBa3HanHeh- 
Hat dyHxuna F(E,) ouenvpawtTca mo WaHHbIM BXOA— peakuua, 
SKCNEPHMCHT4IbHO ONpeeJIeHHBIM JIA cienauleH CHCTeMEI. 
Ouenka cnenauef CHCTeMEI 3aKaHYMBaeTCA HMCMOAbsOBaHHeM 
Toro qakra, uto A(s) u B(s) sBasioTca Takxe mepenaTou- 
HEIMM (PYHKUMAMH JMHeHHEIX 9€MCHTOB CHCTeMBI HW ONpeneneHHeM 
pynkunn f(e,) no KBasHaMHefHOn dbyuKunu F (E,). TMocaenuee 


BENTOMHAeCTCA MyTeM pelleHHA ypaBHeHHA (2), paccMaTpuBaemoro 
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a I 





Kak WHTerpasbHoe ypaBHeHHe. OTO pellleHHe paccMOTPeHO 
B IIpuazoxKennn I. 

IIpwHilunuatbHoe Crpannuenve STOTO cnoco6a OWeHKH Co- 
CTOUT B HeOOXOJLHMOCTH BBEeHHA MpeANOAOKeHHA O TOM, NTO 
MoxKeT ObITb HalimeHa XOPOWIaA KBaSHJIMHeMHaA allpOKCHMAaLLHA 
HeAMHeHHOH Caensuen cucTeMbl. Takum oOpas3omM, 39PeKTHBHO 
OWEHUTb MO%KHO TOAbKO Te CHCTEMbI, KOTOPBI€ AONYCKAlOT 
uccnenopanue meTonom KoxexnOyprepa— JKoncona. OTH CH- 
CTEMBl MOIKHEI WapaTb HeOOMbUIMe MO BeAMYMHe HeAMHeHHbIe 
BOSMyLeHHA. TeM He MCHEe Mbl 6yeM CuHTaTb, 4TO 9TH CH- 
CTeMbI MOFyT HMCTb 9/@MeHTH, KOTOPbI€ BHOCAT CYLICCTBEHHO 
HemmHeHHble PyHKUHH, HaNpwMep Pe3KOe HaCcbIUeHHe. 

SKCHePMMeHTAIbHbIe MaHHble MOAyuawoTcA MpH BO3Oy2K LEHHH 
CUCTeMb] CHHYCOHMabHBIM CHTH@OM H M3MepeHHH = peaKIii 
CHCTeMbI Kak yHKUMM aMMNTy Ab M YaCTOTHI BXOAHOTO CHTHAala. 
-Mruopenuoe 3HavenHe PYHKWHH BpeMeHH AA CHHYCOMMaMbHOrO 
BXOMHOTO CHrHaa, MpWsoKeHHOrO K CHCTeMe, yKasaHHOM Ha 
dur. 1, a, MOxKeT ObITb 3aNHcaHO B BUDE 


i= I cos wt, (4) 


rae /— amnauTyaa BxORa, 4 © — KpyroBad sacToTa. Jaa sToro 
BxOa MpOMe%KYTOUHbIe KOOPAMHATH! CHCTEMBI MOryT 6LITb BBI- 
paxKeHb B caenyiomeh opMe: 


e’ — Ecos(wf+.¢)+ HeaMHeHHble BOSMYLICHHA, 
’ uw 
é, = E, cos (wt + €,) 4+ HeAHHEHHBIC BOSMYICHHA, 


(5) 


ey = E, cos (wt + €,) +- HeIHHeHHbIe BO3MYILCHHA, 
r’ = Rcoos(ot-+p)+ HeAMHeHHbIe BO3SMYWICHHA. 


B 9THX ypaBHeHHAx CTpOYHbie OYyKBbl O603HaualoT MIHO- 
BeHHbIe 3HAuCHHA PYHKWMA BpeMeHM, MpOMUcHble OyKBbl — aMMn- 
TY Ab OCHOBHBIX TaPMOHMK 9THX yHKunh, a rpeyeckve OyKBbI — 
(basOBble YrJbl OCHOBHBIX FrapMOHHK. Bce apyrue cocTaB1Atolyne 
KOOPIMHAT, MpOHSBeAeHHbIe HeAMHeHHbIM 9/IeMCHTOM, oObedu- 
HeHbI B WIeHBI, XapakTepvsylollve HeAHHeMHbIe BOSMYLIICHHA. 

Fcam BxXOHOM CHrHad NpwawoKeH K KBasHAHHeEHHOM alpoK- 
CUMUpylolleh CHcTeMe HM CileqaHO OCHOBHOe NPeATOAOKeHHe, 
gaKmoualolleeCd B TOM, 4YTO OCHOBHEIe TapMOHKKH CHPHaJIOB 
B KBa3HAHHeHHOM CHCTeMe PaBHEI OCHOBHbIM TapMOHHKaM CHr- 
HaOB CHeAsiuef CHCTeMbI, TO BbIPaKeHHA WA CHTHAJOB B KBd- 
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SHAMHCHHOM CHCTeMe MOryT OLITb 3aNHCaH CAC MYIOULHM OOpasom: 
e = Ecos{wt-t s), 
é; = E, cos (wte,), 
€g = E, cos (wt + -«,), 
r= R cos (wtp). 


BeavuwHit B ypaBHeHHax (6) OnpeweeHbl TOYWHO TaK Ke, Kak 
MH COOTBETCTBYIOWHE BeIHYMHH B ypaBHeHHax (5). 

Tlavple Aad OueHKH caenaUeH cucTeMLI MpeACTaBAAOTCA 
OTHOWICHHEM AMiIMTYAB PeaKUMH CHCTeMBI K aMMAHTyHe cur- 
Hata owmOku R/E, usmMepeHHim B cbyHKUHA aMIIMTYAbI CHT - 
Hana owMOKu E uw yacrorst w BXOZHOrO CHrHaza. CospokynHoctp 
QaHHBIX Ad THNMYHOM cuensuet CHCTEMb, KOTOPan OyzerT 
HCNONb3OBaHa B KayeCTBe MpHMepa, yKa3aHa Ha pur. 2. Orn 
AaHHble (OblIM NoOAyYeHH MyTeM MOweqMpoBaHua cre Laueh 
CHCTEMHE Ha QICKTPOHHOM AuddepenwnarbHOM aHau3zaTope. 
(IpaMaa wWenb KoHTypa MOACAHPyeMOH CHCTeMBE COCcToala 43 
KOMICHCaUHOHHOM WenH Cc nepemaTOUHOH dyHKuuett A(s), 9ae- 
MeHTa C HaCbILeHHeM C XapakTepHcTuKott f(e,), KoTOpHA xa- 
PaKTePH3OBadt HaCbIWeHHe MOMEHTAa TiaBHOrO ABHraTeaA, u 
aMHeHHOrO SfeMeHTa C NepemaTouHOH dyuKuneh B (s), mpea- 
CTABAAIOUErO AMHeMHEIe XapakTepHCTHKH 9TOrO sABHraTezg. 

B HeKOTOPHX CeMAULMX CHCTEMAX BO3MO2KHO HeMOCpeACTBeH- 
Hoe usMepeHHe R/E u E, B apyrux yno6xHo H3MepaTb H60 
peakunio, m4Oo oumMOkKy caenauleh cHCTeMBL Kak PyHKWLHI0 
aMIVIMTYAR WM YaCTOTbI BXOMHOFO CHrHada; B 9TOM CAy4ae OTHO- 
weHHe R/E Mo%xKHO onpeneauTs no H3M€PeCHHbIM J.aHHbIM 
C MOMOUbIO 060M M3 XOpOwO H3BeECTHEIX rpaduyeckux dyuK- 
UMA, HaNpHMep C NOMOLIbIO rpaduKos JOTAPH@MHYECKHX amMnn- 
TYAHBIX YACTOTHBIX XapakTepucTuK [4, 5]1). 

XapaKTepHCTHKH CHCTeMBI Kak yukunn E uw MoryT 6biTb 
ONpeeAeCHbl ABYMA YpaBHeHHAMH: 


E, = |A(jo)| E, — (7) 
FF =1A Vo) BY) | F [| AG) |B] (8) 


(6) 








') Umeigtca B BHAy HOMOrpaMMH! JAA ONpeweteHHA YaACTOTHHIX 
XaPaKTEPHCTHK 3aMKHYTHX CHCTeEM MO 4WaCTOTHBIM XapakTepHCTHKaM 
PaSOMKHYTHIX CHcTeM. — /7puxm. ped. 
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a 
a 





Ypasuenne (7) ompewenneT BxXOd KBa3svaMHehnoro giemeHta EF, 
kak dynKumio |A(jw)| u E, a ypaBHenne (8) — oTHoWeHHe 
peaKuMH clucTemMbl! K curHaty owMOKH R/E kak by HKLHI0 
| A (jw) B(jo)| w P(E). 


RIE, 6 





“ 90.~C”:~«<‘aOt*é«<t*i‘<i‘~SC( iti‘ 


E/(1eonvm), 06 


bur. 2. PesyAbTarb OMbITa WpH CHHYCOMAAAbHOM BXOAWKOM CHPHAAC. 


Onna 43 KpHBbIX Ha pur. 2, OMpeeAMOWLUX OTHOLIEHHE RIE, 
MOXKeT OLITh HCMOMb30BaHa B ypaBHeHHax (7) H (8) Aaa OWeHKH 
KBa3HAMHeHHO dynKunu ycusenua F(E,). Jas BI OpaHHok 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


14. Metod oyenku neaunednoix caednujux cuctem 447 


KpHBOA 4acTOTa w NOCTOAHHa uM BeAMuHHa R/E nostomy MoxKe 
ObITb 3amHcaHa Tak: | 


R 
"E (E) leo, é 


MoactaHoska 9TOH BeJMUHHH B ypaBHeHue (8) WH pelmenne 
‘ero oTHOCHTembHO F(E,) NpHBOAAT K COOTHOLMeHHIO 


_ _R/E(E)|«, 
YE) = Ae) BUenl (9) 
Benuunna E, onpenkersetca COOTHOWMeHHEM 
E, =|A(jo,) | E. (10) 


Takum O6pa30m, dynkuua F(E,;) ouenwBaeTca Mp MOMOLIM 
ypapHenuit (9) uw (10). Be npoussoabHble noctosHHne | A (jw) | 
wu |B(jo,)|, Bxoaaume B ypaBHenua (9) u (10), He BaMAIOT Ha 
XapaKTepHCTHKy. BXO1— BbIXOR CHCTeMbI, 4 CAyKaT JIMUb AIA 
ONpekeseHHA MaClUTAOHLIX KOSPPMUMEHTOB BHYTPeCHHUX CHTHa- 
10B B TipaMoH wenw KoHTypa. CaenoBaTerbHOo, OHH He MOFyT 
ObITb OLeHEHbl NO AaHHbIM BXOJ.——BHXOZ, a ROM KHEI onpe- 
eAATbCA MPOW3BOAbHO HAW MO pe3syAbTaTaM MOMNOAHATCAbHBIX 
H3MepeHHH, NMpOeAaHHbIX Ha BHYTPCHHHMM CHFHa/laMu CHCTeMBI. 

YncrenHoe Onpenerenue dynkunu F (F,) zerko BbINOAHAeTCA 
NO TaOAWUHEIM JaHHbIM (CM. Ta6u. 1). 








Tabauya I 
; OUEHKA F (E,) 
E/.e), 06 | 2 hs a6 F (E,), 06 E,/(1 2), 86 
10 14,7 0 12. 
15 1,47 0 17 
18 1,47 0 20 
20 1,35 — 1,2 22 
20 9,6 — 5,1 27 
39 0,1 — 146 - 387 
40 + = 1200 2047 47 


Beanwmust Eu R/E(E)|,, saatee us dur. 2, ta6yaupo- 
BaHH B MepBHX ABYX CcToOuax, BemMunHEE F(E,) u E,, pac- 
CYHTAHHbIe C MOMOLbIO ypaBHeHuH (9) u (10), npeacTaBreHH 
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B MOCMeHUX OBYX cToOOuax TaOadubl. []ponsBombHble no- 
CTOAHHbI€ BbIOpaHHI Tak, 4TOOH NonyynTb F(E,)=0 06 aaa 
Maibix 3HayeHHh EF, u uroo6n F(E,) nauunana yObipatp 
npn £,=20 06. [laa storo npuHatTo | A(jo,)|=2 06 u 
| B(jw,)| = 12,7 06. Xopomee copnagenve rpaduka F(E,) ua 
dur. 3 c rpapuHKOoM KBa3H4H2HHOK CyHKUW YyCHeHHA He- 
WMHeRHOTO 93V7IEMeHTA, HCMOb3OBaHHOTO MPH MOMeEMMPOBaHHH, 


F*(E, /0) 





Ble, 1) F(E,) (pacuemuas 
eae area” 1a Kpueas) 








F(F) (xpusas, 
UCHOAB30BQHHAT MPL 
MoOeNUNOBAHUU) ee 








£,/ (lean), 00 


Pur. 3, KeasumnMnekuan PyHKWUAA yCuAeHHA. 


XapakTepu3yeT TOYHOCTh 9TOFTO cmoco6a OWeHKH. PyHKUNA 
ycueHun F(E,) coorsetctByeT HeadHeHHOH XapaKTepHCTHKe 
C Ppe3KUM HaCbIWIeHHeM, MpuBedeHHoH Ha dur. 4. Onpeneve- 
Hue f(e)) mo usBecTHoh dyHKuun F(E,) paccmaTpuBaerca 


B IIpuaoxKenunn I. 

JIuHeftHble nepemaTounne dyHKuun A(/w) u B(/w) MoryT 
ObITb OLeHEHbI 10 OAHOM u3 KpUuBHIX R/E, aaa KOTOpOHM BeAH- 
unHa E, noctonwHa. OTa KpwBad He MOKeT ObITb ONnpezetena 
HEMOCPeACTBEHHO MO 9SKCHeEPHMeHTa/IbHbIM aHHbIM, HO MOMKET 
6bITb MOCTPpOeHa MO KPHBbIM, LA KOTOPbIX MOCTOMHHA BeJH- 
unHa w. Metoa moctpoenua sTod KpHBOM OyweT ONnuCaH HHKe. 
Cefivac oe Mpennon0x%KuM, YTO OHA H3 TAKHX KPHBbIX yKe 
ocTpoeHa, KaK 9TO NOKa3aHO MyHKTMpHOM aAuHMel Ha qur. 2. 
KoopauHaThl sToH KpHBOoH MOMKHO 34aTb MapaMeTpHueCKH 
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iid ceed e ee ee ele ee 


8B pyHKuHH w. TakuM OOpa30M, BeMYHHa R/E ua sToh KpuBok 
onpelerseTCA COOTHOLICHHEM | 


R R 


a BemnunHa FE Ha KpHBOM — COOTHOLMCHHEM 
2 E=E(»)\g, (12) 
ad 
-, we 
ta 
7 
: 
= 
eg 






®ur. 4, Heanwnetnan xapaktTepuctTuka. 


TloactaHoBkKa BbIpakenua aia E w3 ypasuenus (12) B ypaBHe- 
Hue (7) H peWleHve NocleHerO ypaBHeHHA OTHOCHTCAbHO | A (jw) 


naet _ | 
(jo) |= = 13 
a BenmunHa E, MOwkeT ObITb 3anucana B Buse | 
E, =| A(jo,) | Eo, lz (14) 


KomOunupya y pabHenu A (13) u (14) Wan. UCKNOUeHHA E,, to- 
JY4YHM COOTHOWMEHHE 
E (#1) 1% 


|4 (jo) | =A Gon | Epi e (15) 
naiuee OkOHUaTeNbHYy!O OWeHKy Jaa | A(jw)|. | 


99 Sak. 2356. 
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IASI Nese a Lee ea PO 


TloncTaBaaa MaHHble w3 ypaBHeHua (11) B ypaBHeHue (8), 
MOKHO NMOJYYHTS BblIpaxeHve Aas | A (jo) B(jo)|: 
eee RIE)\z 

| A (jo) B (jo) | = ——+> 

| P(Ey) ’ 
a naa F(E,) MOkHO 3anucaTb Takoe BbIpakenue: 


RIE (4) | 5 | 
(AGoy BGeop|" a) 


Uckmouaa F(E,) us (16) u (17), noazyuaem cooTHOWeHHe IAA 
ouenKu | A (jw) B (jw) |: 


| A (Jo) B (jo) | = | A (Jo,) B (Joy) | 


(16) 


F(E,) = 


Le ee 


RIE (©) 5 
RE@R G8 


Bennunna | B(jw)| onpenxeanetca us TomMecTBa 


s\| —- [4 Ge) B Ge) | 

B 214 Ue) Bs) 

|B (jo)| == Aen (19) 

a BeJIHYMHEI | A (jw)| u | A (jw) B (jw) | — us ypaBuennit (15) u (18). 
Pacuer seamuuy |A(jw)| wu |B(jw)| aerko Benomurs 

B TaONHYHOH copme, Kak 9TO HAMOCTpupyer Taba. 2. 




















Tabauya 2 
OLIEHKA | A (jo) | # | B (je) | | 
ae pooner R wg. aol” "Ejay 1A Yay |, a6|4UBUb1 wey 1, ap 

05 65,3 24193 20,3 65,3 45,0 
1 57,0 2.0 18,0 57,0 39,0 
2 49,2 5,3 14,7 49,2 34,5 
5 32,8 122 7,8 32,8 25,0 
10 22.9 16,5 3,5 22.9 19,4 
20 149 | 179 1 14,9 128 
50 5,3 189 11 5,3 4,2 
100 2251 19,0 1,0 133) 4] 


200 — 12,6 19,2 0,8 — 12,6 — 13,4 


Benuunns! R/E wu E, onpenenenupie no ur. 2, Taoyu- 
pytoTca Kak qyHKUMH YaCTOTEI © B NepBBIX Tpex cToAbMax 
TaOamubl. Beanuuusi | A (jo) |, |A Vw) BYjo)| a / B(jw)|, pac- 
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CuNTaHHbIe NO ypaBHeHuaM (15), (18) wu (19), naHbl B mMocaeqHHX 
Tpex cTom6uax. Ouenku amnautya |A(jwo)| u |B(jo)| rpa- 
qpwueckH MpencraBsenbl Ha cur. O. OTH aMMAWTYAHbIe Xapak- 
TEPHCTHKH MOUTH He OTVMYAIOTCA OT XapaKTepHCTHK MOJe/H- 
pyeMHX MepemaTOUHLIx yHkunh, TakxKe MpMBeNeHHBIX Ha 
dur. 5, 4TO HAMOCTPMpyeT TOYHOCTh AaHHOrO MeTOa OLLCHKH. 


50 









aS | /B{jw)/ (pacvemnas 
x Apueasa) 
S 
3 
S 
= /0 
= 
a 
7 [Aljw)/ (pacuemvasa Kpusas) aN 
-20 
Ot a2 04 06 | 20 40 60 100 200 46 


a, ae Cen 


Pur. 5. AMMAMTYAHbIG YaCTOTHBIe XapaKTepHCTHKH AMHeHHDIX 
9 IEMCHTOB- 


Ypasuenua (15) u (19) onpenearniot MeTOR OWeHKH | A (Vj) | 

u |BQGw)|. Daa toro uro6n nozyuntTb nepeaaTounble yHK- 
fia A(s) h B(s) MO aMnaAMTyAHbIM’ XapakTepHCTHKaM, MO?KHO 
HCNOb30BaTb MeTOX Bone [6], H B ROOaBseHHe K aMILAMTYAHbIM 
HawTH TakoxKe WH asoBble XapaktTepucTuku. [Ipu 9TomM npuxo- 
MUTCAH AeAaTb HEKOTOPHIe MPeAMOMOXKeHHA OTHOCHTeEbHO (ba-— 
SOBLIX XapaKTePHCTHK NMepewaTOouHHIxX dyHKunH A(s) u B(s) >). 


') IIpH ucnot»30BaHHH MeTOqa Boxe Mpuxog_utca mpeqnosarats, 


4TO JHHeHHAaA WaCTb M3yyaeMOH CHCTEMBI ABIACTCA MMHMMANbHO-(ha- 
30BoH. — [7pum. ped. 


29* 
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OTH MpessOwKeHHA MOryT ObITh MpoBepeHbl, Tak KaK O6WLnH 
dasopbifi CiBur MpAMOH wWenH KOHTypa cCyaemaulefi CHCTeMBE 
MOKET ObITh ONPeAeeH H3 SKCMEPHMeHTAJbHbIX MaHHbIX. 

IlonoxKeHHe KPUBOH, Ja KoTOpoh E, mocTosHHa, onpe- 
measeTca mocrpoenvem In(R/E) kak dyHKunu InE ana ne- 
CKOJbKHX 3HadeHHA w. Tako rorapud@muyecknit rpaduk ucnosb- 
30B4H Ha dur. 2. Ecau nposorapudmuposatb o6e croponb. 
ypasuenna, (8) HW NOACTABUTb d 


F222)”. (20) 


TO Mbl NOJY4UHM Ce Ty oulee COOTHOILUeEHHEe: 
In <= Inj A(jo) B(jo)|-E in F (et FAG) (21) 


Hiz-3a cneyH@u4yHOK yHKUMOHAAbHOA opMbl ypaBHeHua (21) 
KpuBble In(R/E) kak dynkuuw InE aaa pasnpix 3HayeHHh w 
HOMKHbI HM€Tb OJHY HW Ty Ke opmy uM M06aa KpHBaA MOKeT 
ObITh COBMeLeHa C 000K Apyrok KpHBOM Cc NOMOLIbIO ropH- 
3OHTA/IbHOTO MW BePTHKaAbHOrTO CaBHra. ITO Nomobue KPHBHIX 
WAMOCTpupyetca dur. 2. 

Ecau moioOHble TOUKH Ha KPHBbIX MOCTOAHHOrO 3Ha4e- 
HHA © COCAMHHTb MeXKDy cCoOoK, TO pe3ybTHpyioulad KpuBan 
H OyaeT OAHOM M3 KPHBbIX MOCTOAHHOrO 3HayeHHA E,. Jpyrumu 
C1OBaMH, AMHMA, BIOb KOTOPOH OHA H3 KPHBbIX MOCTOAHHOrO) 
SHa¥eHHA © MOKET ObITb CABHHYTAa JAA MOCHeOBaTebHOrO 
COBMeLeHHA e€€ CO BCEMH APYrHMM KPMBbIMH MOCTOAHHOPO 3Ha- 


YeHUA ©, HM CCTb IMHMA NOCTOAHHBIX 3HayeHH E,. JIunua E = E, 
nmoKa3aHa Ha pur. 2, 

-Tloayuenue cemeMcTBa MOMOOHbIX KPHBbIX ABIACTCH KPHTe- 
pHeM MpHMeHHMOCTH paccCMaTpHMBaemoro cnocoha OWeHKH. Ecan 
pe3ybTaTbl HCMbITAHHA CAE AAWeH CHCTeMbI MaloT TaKOe CemelcTBO 
KPHBbIX, TO HeJMHeMHad C/leAllad CHCTeMa MOKeT ObITh Mpen- 
CTaBeHa HeJMHeMHOH CHCTeMOM THMa, yKasaHHon Ha dur. |, a, 
HM CHCTeEM@ MOMKET ObITh AaNPOKCHMHPOBAHA ‘KBa3H/IMHEMHOR CuCTe- 
MOM, Ms0OpaxKeHHOK Ha dur. 1, 6. Takum o6pasom, nyTeM 
HM3V4eHHA Pe3y/IbTAaTOB HCNbITAHHA CweAUeH CHCTeMbI MOKeT 
ObITb NpOBepeHa 3aKOHHOCTb OCHOBHOrO npeanononenua pac- 
CMaTPHBaeMOrO CMOCOba OLLeHKH. 
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Oueuka NO xapaKTepHCTHKaM CAyY4aHHBIX CHTHaJ0B 


MeTO OWeHKH, MPH KOTOPOM HCHOAb3yIOTCA MaHHble O CAy- 
uafHbIX CHrHalax BXOa H BbIXOa, NOomO6eH MeTOUY, B KOTO- 
POM HCNOAb3SyIOTCA CHHYCOWMaMbHbIe CHTHAJbI, TOAbKO BMeCTO 
BOSOyKMEHHA CHCTeMbI, KaK MPH HCNbITAaHHH CHHYCOMa/bHbIM 
CHrHaJIOM, H H3M€PeHHA OCHOBHHX TapMOHHK peaKWHH HCNOuMb- 
3yloT rayccoB cayyahHbi BXODHOM CHrHaA HW ONpedenawoT cper- 
Hee KBafipaTHyHoe 3Ha4eHHe peaKWMH CHCTeME] Kak yHKUWHIO 

_yacTOTHOFO COCTaBa H CpedHero KBaApaTHYHOrO 3HaveHHA aMMIN- 

TYME BxOHOrTO cCHrHata. Wcnoab3opanHe MeTORa CayuaHbix 
CHTHaJOB %KeNaTeAbHO B TeX CaAyuaAXx, KOra Aerye NMOMY4NTb 
CAayuaHHbif MCMbITaTeAbHBIA CHrHad wAM KOrAa padouw Bxog 
CHCTeMLI NoZOGeH rayccoBy CAyyahHOMy CHrHary. 

MeTod cayuaHElxX CHrHatOoR paspaOoTaH Ha OCHOBe MeTOa 
pacueTa cpeaHeH KBalpaTHYHOR peaKUHH HeKOTOPHX THMOB 
HeJHHCHHBIX CUCAALIMX CHCTeM, MpedaowenHoro Bytouom [7] 2). 
B meToge ByTowa HesHHeMHBIA 9/IEMeHT AMpOKCHMHpyeTCa KBa- 
SHAHHCHHbIM 9/IEMEHTOM, TlapaMeTPbI KOTOPOFO ABARIOTCA PyHK- 
WWAMH CpeqHerO KBaApaTHYHOTO SHAYeHHA BXOAHOTO CHTHaAa 


gmemMeHtTa. Bpixo HesHHeMHOrO 9.IeEMeHTa es ONATb-TaKH ONpe- 
AeIAeTCA BbLIPaAKCHHCM 


Jitu 


e = f(e'), (22) 


Phe €|— BXOA HeaMHeAHOTO 9JleMeHTA. 
Kpa3nmHehnoe npejsctaBlenve yHKUHH f(e)) He 1MHeAHOrO 


QJleMeHTa SABIAeTCA MpocToh dyHkuneH ycunenna F(E,) [7], 
KOTOpad ONpedeineTcA NpW MOMOWM ypaBHeHuA 


, aa : eel a) 
FEJ= Le f eseeiexp jie] dey, (23) 
| | V 2n E; ae 2E, CL 
rae E,—cpeahee KBaapaTu4ynoe sHayeHve BXOZa HeaMHefhoro 
gmeMeHTa. TaKHM OOpa30M, Ad KBasHIMHeMHOM CHCTeMBI 


2 — F (E;), (24) 
ey 


1) AHaNOrH4uHbit -MeTogd pa3pa6oTan VW. E. Ka3akopbim. CM., Ha- 
mpumMep, Asmomamuxa u meaemexanuxa, Ne 5 (1956). 


- 30 Bax. 2356. 
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SS NR, FE A pe 


rhe €; H @.—COOTBETCTBEHHO BXOZ UM BbIXOZ KBa3HANHeMHOrO 
anemeHta. IIpu cayyaHHOM BXOJHOM CHrHaae cpeaqHve KBanpa- 
THYHbIC SHAYCHHA Pa3JIMYHBIX KOOPAHHAT Cylenauet CHCTeMbI 
MOTYT ObITb ONpe TeeHbI C/IEMYIOULMMH COOTHOMICHHAMH: 


Pr, 

ce = F2, 

o”? =. Et, (25) 
7) 2a RO: 


B KOTOPLIX CTPOUHLIMH OyKBaMH O5O03HAYeHbI MIHOBeHHble 3Ha- 
yeHHA PYHKUMA BpeMeHH, a NPONMCHbIMH —-CpeHHe KBadpaTuy- 
HbIe 3HaYeHHA. 

Ecau cayyahhbiih BXOJHOM CHrHa. MpuKaablBaeTCA K KBa- 
3HJIMHEHHOK CHCTeMe MH MPHHATO OCHOBHOe MpeANOAQKeHhHe, 3akJ0- 
yalouleeCA B TOM, YTO KBa3HAMHeMHaA CHCTeMa XOpOWO anpo- 
KCUMHpyeT CJIeAAHULYIO CHCTeMYy, TO COOTBCTCTBYIOLLMe CpeHe- 
KBapaTHYHble 3HaYeHHAH KOOPAMHAT B ABYX CHCTeMaX MOryT 
ObITb MPHPaBHeHbl APyr Apyry B COOTBeETCTBHH C COOTHOWEe- 


HHAMH 
12 == [?, 
e2 = F2, 
26) 
i, ae ( 
el —= LE. 
P= R 


BeavunHo Jaa OWeHKH CJieqAULeH CHCTeMbI ABAReTCH OTHO- 
WeHve CpenHefi KBaapaTHyHOh OWMOKH CHCTeMbI K CpewHemMy 
KBapaTH4HOMy 3Ha4¥eHHIO BXOAHOrO CurHada E2//*, usmMepenHoe 
Kak dyHKkuna /? u wy. Uactora wy XapakTepu3yeT mosocy 
yaCTOT BXOMHOTO CHrHata HW TOYHO OMmpedednetca no cneKTpy 
BXOMHOrO CHrHaa | 


D,;(o) = ®, ——-- , (27) 

eel al 
roe @,—opAnHaTa WyHKUMM CIe€KTPaIbHOK MOTHOCTH MpH 
HyleBOH YaCTOTe — HMeeT Pa3MePHOCTb 6*/(pad/cek), a aHeprus 


cneKkTpa NOpoBHy pacMpeseneHa MOKAY NOAOKUTeAbHBIMM UH OT- 
DHLLaTeAbHBIMH 3HaYeHHAMH YacTOTBI. CrekTp, onpeyejsemut 
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ypasHenwem (27), Obla BHIOpaH moTOMy, 4TO OH ynpowlaert 
oueHKy cucTemb. PaccmoTpenua OMHOTO CiekTpa AOCTaTOUHO 
Ia wAMoOcTpauunH cnocola. 


E71 a6 





17/ (1 eanem)?, a6 


@ur. 6. PesyabtaTbl onbita Mp ClyyaHHOM BXOAHOM CHrHaJe. 


CoBpoKyNHOCTbh 9KCNePHMeHTaJbHHIX JaHHbIX Ja THMMYHOR 
Cienaue CHCTeMH, KOTOpad Oblia HCNOAb3OBaHa B Ka4yecTBE 
npumepa, Mpupeyena Ha cur. 6 (Ta xe CleaAuiad CucTeMa Obla 
usyueHa B NMpesbizyuem pastene). lanHple, NpHBeweHHble Ha 


- 30% 
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ur. 6, Oban noyyeHb! Mp MOMeTMpOBaHHH CHCTeMbI Ha 971eK- 
TPOHHOM AudpepeHunaAbHOM aHaHsaTope. 

laa npopewenus OWeHKH HEOOXODMMEI CHeAyWULMe Ba OCHOB- 
HbIX CTATHCTHYCCKHX COOTHOWECHHA: 


P= {i (w) dw, (28) 


Po (o) = | H(Fo) ? By (o). (29) 


Ileppoe u3 HuX CBABbIBaeT CpeMHee KBalpaTH4yHoe s3Hayenne /2 
CAy4uahHoro CHrHada CO CNeKTpa/IbHOM MAOTHOCTbIO ®;;(w) sToro 
CHrHala, a BTOpoe ONpexerAeT CheKTp Do. (w) BLIXOAHOFO CHrHava 
AMHeAHOM CuCTeMbl Yepe3s NepegaTounyio dynKuno | H(jw)| 
CHCTeMbI HW CHeKTp ®,,;(w) Bxoua. 

Cpeauwe KBaspaTuunpie XapaKTePHCTHKH KBa3HJIMHeEMHOR 
CHCTeMbI MOTyT ObITb PaCCHHTa@Hbl C MOMOLLbIO ypaBHeHut (28) 
H (29). CpenHee KBanpaTH4HOe 3Ha4eHHe BXOa MOKeT ObITb 
3anucaHo B Cilenyioueh dopme: 


co 4 


P=, f =~ 


—-& 


dw. | (30) 





w* + wy 


Muterpaa 8 ypapyenuu (30) yaoOnO BEINHCAMTb C MCNOmb30Ba- 
HHe€M TaOJHIL HHTerpaOB, ONYOAMKOBaHHEIX B paboTe [8] (npu- 
mowxenve C). Pe3yabTat BEIUNCTeHHA AaeT 


TOF 


PaO (31) 





Cpeanve KBaipaTM4uHble 3Hayenua owM6KH E2 wn Bxona HeaMHell- 
2 
HOrO SleMeHTa Ey OnpedensiotTca BbIpaxKeHHaMH 


PF = ee 
B= f apaliptgnsga rey) 4 62) 





re 4 
She fee 2 |e Ue / 
a 2 of fof |T FAG) B Ga) F(ED| °° 9) 
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Kom6unupya ypasHenna (31) uw (32), (31) y (33), noazy4yaem 


a 

= caenyioujve coorHomenna ann E?//? n Ex/I?: 

ww 
an ao FAG BUH FES | G4 
mort fF A (jo) i 
yin Jap qlitagascare| a 


OKCNepuMeHTaJIbHad KpuBad E2//?, naa KoTOpO E, nocToauna, 
MOKeT ObITb HCMOb30BaHa COBMECTHO C ypaBHeHHamMu (34) 4H 
(35) O48 OWeHKA JIMHEAHEIX MepeazaTOUHBIx dyHKunh A (jw) 
u B(jw). Kpupaa nocrosnuux EF, (E,=E,), moka3annaa nyHk- 
THpHOH anHMeM Ha ur. 6, MOxKeT OBIT ONPedeeHa C MOMOLLbIO 
MeTOMa, KOTOPHH OyaeT OnHCaH mo3xKe. Jaa STOM KPHBOM Be- 
amunuy E2//? MOxKHO 3anucaTb Tak: 


Fa 


a= (or)\5, (36) 
a BemuuuHy 1//? cooTBeTCTBeHHO Tak: 
] 
a=plen |-- (37) 


QOS5e 8TH BeAMYMHbI ABAMIOTCA PYHKWMAMM YACTOTH! wy. Tlomcras- 
aan (36) B (34), MOoay4uM HHTerpadbHOe ypaBHeHHe 
1 


CO 
ise (= )= f oF 
“V2 F ( “De, _f of + of| 1+ 4 (je) B (jw) F (Es) 
| KOTOPOe MOKET ObITb pewmenHo AIA ONpeleACHHA 


A (jo) B (jw) F (E,)- 


OkonyaTeJIbHad cpopMa pelleHHa, KaK NOK43aHO B [IputoxKeHHn I, 
MOKET ObiTb ganvcaHa B Buse 


Se cee a5 ea | Sees) 
1A (jo) B (jo) P(e) Re [7a (oe) bz, + 

E2 om 
lm | (we’ "\ lz. (39) 


2 
w, (38) 





31 3ax. 2356. 
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Pewenve, BbipaxkeHHOe ypaBHeHuvem (39), onpeneteHo Kak *yHK- 
HA BeAMUMHBI 


FA 
P (7) le ? 


apryMeHT KOTOPOH , ABAAeCTCH KOMMJeKCHBIM. Tak Kak 9KCIIe- 


PUMCHTAJIbHbIC WaHHbIe MOryT ObITb NOJYYEHbI TOJbKO IA nheti- 
CTBHTCJIbHbIX 3HAYeCHHHA BeJHYHHbI Or TO NPHXOJHTCA NPHMCHATb 


AHATUTHYeECKOe MPOROJDKEHHE DAA PaClUMpeHHA DaHHbIX Ha KOMM- 
N@KCHYIO MAOCKOCTb. leraau 9Toro npvema H3A10xKeHE B II pu- 
gonxennu II. 


Yro6ul HahtTH A (jo) B (jo) F (E:) H3 ypaBHeHua (39), HeO6- 
XOMMMO ONpedeMTb MepewaTOUHyiO yHKUHIO, yLOBIeTBOpAO- 
‘WLYI0 COOTHOMMEHHI0 | 


l 
1+ A (jo) B (jo) FCs) 


PyHkuuio HH, (jo) MOxKHO MosyuuTb No MeTosy Bose [6], onpe- 
leMB (asoBylO XapakTepHWCcTHKyY NO H3BeCTHOM aMMAWTY HOH 
XapaKTePpHCTHKE HAH C NMOMOLIbIO KakOro-AMO0 Apyroro cTaH- 
maptTHoro metToga. Ilocae Toro Kak OyaeT onpenenteHa PyHK- 
una H,(jw), ypaBHenve (40) mMomxeT ObITh pelicHO OTHOCH- 
TeAbHO A(jw) B(jw); Mp STOM NOAyuaeTcA COOTHOMEHHE 


; 1 — H, (jo) 
A (jo) Bjo) = ==. 
F (E;) Hy (je) 
TloctosHHaa F (E,) ABIACTCH OMHHM H3 MpPOW3BORHBIX MacwiTa6- 
HBX KOSDHUMeEHTOB, KOTOPbie MOABAAIOTCA B  Mpollecce 
OlleHKH. Pewienwe Jaa noayyenua |/7,(jw)| MO JaHHbiIM, Mpu- 
BeeHHbIM Ha dur. 6, BbINOAHeEHO B KayecTBe MpuMmepa B I[Ipu- 
nowenun II. Tpadux | H,(jo)| moKa3an na dur. 7 wu xopouio 
copnagwaeT c rpaduKom | H, (jw)|, nosyyenHbim Ha MOdeaM. Tpa- 
cbuyeckoe pelienve ypaBHenua (41) aa onpenenenua A (jw) B (Jw) 
B Tipe AMOA02%KeHHH, YTO F (E,) = 1, MpHBOAMT K BbIParxKeHHIO 
0,077jo +1 

(U,8/7 +- 1) (0,003jo -+ 1) ° 
Mepenatownas byHKUMs, KOTOPaA UCMOAb30BalaCb pH MOJeAH- 
poBaHuuv, paBHa 


‘ ; Ojo +1 


=|, Ge)|. (40) 





(41) 


A (jw) B(jw) = 995 (42) 


- 
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CpaBHeHve ypaBHeHut (42) wu (43) noKa3biBaeT, 4TO BCE 
MOCTOAHHBIG BPeMeHH ONpedeeHbl C MpHeMAeMOH CTeMeHbwO TOU- 
HOCTH, 34 HCKUOYCHHEM MOCTOAHHOM BpemeHH, paBHott 0,01 cek. 
Ho Tak KaK HaHBbICWIaA YaCTOTa, 21a KOTOPOH OblaM ompene- 
HeHbl SKCIePHMeHTaAbHble AaHHble, cocTaBadeT 50 pad/cex, 
TO OWHOKA HE ABJIACTCA HCOMKHAAHHOH. 


: 2 


2o 40 GO 100 200 400 G00 1000 
uw, Cages 


Pur. 7. Ouenka | H, (fo) |. 


20 












8 





Ammmumyda,06 





YpasHenve (41) onpeneaseT mnpousBeqenve A(jw)B(jw). 
OTH ABe NepenaTOunble PYHKLMH MOMKHO pa3sLeauTb, HCNOAb3yA 
aHHble, MOCTaBAaembie ypaBHeHHem (37). TloacraHoBKa ypaB- 


HeHuA (37) B ypaBHeHue (35) NpHBOAHT K MHTerpasbHOMy ypaB- 
HeHHIO 


erg ~ of A (jo) —e 
a ib (» Dlg |= aft] gael TY TTT E? ao 
(44) 


KOTOPO@ MOXKHO PeLUHTb C MOMOLWbIO TOYHO TaKOFO Ke MpHema, 
4uTO H ypaBHeHHe (39). IIpH 9TOM NowyyaloTcA caAenyioUlMe 


COOTHOUICHHA: 
Ty Ajo) = le jms Lye. éx/ay] 
Ej Age) B Ga) FED Rel (ve ) lg }+Im[ al(oe Mr]. 
| (45) 
31° 
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HJM 


I | A (jo) 


— 


Sy) ee H, (jw) |?. 46 
fy erin ale ae) ov 


KomCunupys ypasrHennsa (40) uw (46), nozyunm cooTHouweHna 


ae H. w 
AGe)= Pernt) (a7 
— Hy (je) 
B ee 1 
U0) = FE) Hy 2 


3aBePIIMB TeM CaMbIM OUWCHKY JIMHe4HOA YaCcTH KBA3HAMHeEMHOR 


cucTembl. Bewunia FE, B 9THX ABYX COOTHOWeHHAX ABJIAeTCA 
BTOpON MmscToAHHOH —- MacwTaOUbIM KO9PPHLMCHTOM. 


30 














ub 














| 
20 . ——s 
s !  [Aljw)] (na modem) | | 
& | : 
Ss | eo ze 
E" 10 oe ee ee oe coe EI ie aera Sle Latins ak Sa Nahe sateets ian a 
= 
= /A{jw)/ (pacvemuas Kpuect) 
= { 


| 
| 





| 
0) TT Bais ete Ty 
: 


| 
na 
] 
i | 
| 


| 
AE TE mA ER wi Ae ese, a ase) ae 


tw, pnd CEK 


Pur. 8. Ouenxa {| A (fo) |. 


Pewenne ypapienili (45)—(47) o18 onpegenenna | A (jo)| 
MO MaHHbIM, MpHBeeHHbIM Ha cur. 6, LaeT MyHKUMW, NOKasaH- 
Hyi0 Ha dur. 8. Ouenxa gan | A(jw)| sHayuTeabHO oTvMYaeTCA 
OT BeM4HHI HCiO.1b30BAHHOM MPH MOMeIMDOBAHHH, | 
HO NepedaTOYHaA MYHKWHA, HAMNeHHaA MPH OWeHKe, C HeECOMHEH- 
HOCTbIO YKa3bIBaeT HA TO, KaKHe WieHb! ypaBuenua (42) 20.2KHbI 
Shith cBAsaHbt c A( jm). Hostomy A(jo) u B(jw) moryT OnITb 
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pasleneHbt WM OA HMX MOTyT ObITb 3aNMMCaHE crenyio une 
BbIpaxKeHua: 





OTe +] 
; a 
BU) = 550008 jaf 1)’ 0) 


rie BTOpOM mMacuITaGHEIA KospdpuunenT FE, BelOpan Tak, YTOOH 
noayuuTb ana B(jw) Ha Hu3KHX 4acToTaXxX BbIpaxeHHe 100/s. 
ina ouWeHKH byHKWMH ycuseHwaA KBasHAMHeHHOrO 31eMeHTa 
UCNOJb3YIOTCA JaHHble OMHOM W3 KPUBbIX DAA NMOCTOAHHOTO 3Ha- 
yeHua w. Jina 9TOrTO MCNOmb30BaHa KpHBaa Ha ur. 6, Aaa 

KOTOpOK 
Wy, = Oy, (51) 


a penuunna E2//2, cooTpeTcrByiomada 9TOK KpuBOM, OOo3HaueHa 
cieMyiouluM O6pasom: 


= B | 
a=pP)l,.- (52) 


TlomcTaHOBKa BeAMYHHbI w, HM BbIpakeHuh ana A(jw) -u B(Jw), 
NOAYYeHHBIX H3 ypaBHeHufi (47) wu (48), B ypaBHeHne (34) 
MH OlleHKa HHTerpana onpeneamoT E2//? Kak yukunio F (E,). 
O6patuan dyuKuna F(E,) kak dyxuxuua E?//? o6o3nayena 
yepes S, (E?//?): 


F(E)=Silz)- (53) 


Ypasyenna (52) u (53) npu PopmanbHon PpeuleHHu MawT COOTHO- 
weHve aaa F (E,) 


F(E)=S,[5 (I, (54) 


onpenenmoutee F(E,) 10 SKCTepHMEHTADHMM NaHHbIM, KOTO- 
pble 2ai0oT ypaBHenne (02). 7 

@akTHYecKOe pewleHHe YOSHO NpoOBecTH B TaO.1H4HOM Copme, | 
uTO WAOcTpupyetca Taba. 3. 

Beanuuun F (E,) u E?//?, monyyennple “3 ypaBHenus (93), 
MpeMcTaBJeHbl B MepBbIX ABYX CTONOWAX. OKCNeEPHMeHTa.IbHble 
anuble (ypaBHenve (02) ) HCNO3yIOTCA AA ONpeNeseHHA Ben 
yuHh /? B TpeTbeM TCOMOWe, KOTOPaH COOTBeETCTBYeT BeJH- 
ynHam E2//? Bo sropom cTo6ue. Ouenka 3aBepmaetca N cTa- 
HOBKOK A(jw), BC jw) w wo, B ypaBHeHHe (35) Aaa onpemerenna 
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462 M. Morovws 
Tadauya 3 
OUEHKA F(E,) TIO XAPAKTEPHCTHKAM CJIYYAHHHX CHPHAJOB 

P(E), 06 BP, 06 (1 6), 36 El, 06 | By(1.6), 06 

0 — 98 17,2 — 10,2 7,1 

— 0,9 — 9,1 18,8 — 9,5 9,2 

— 1,9 — 8,3 19,8 — 8,7 11,1 

— 6,0 — 5,4 22,5 — 5,6 16,9 

— 14,0 —1,2 27,3 — 0,8 26,6 

— 20, 05 | 31,8 1,8 33,6 


BeanunHbl £,?//* kak dynxunn F(E;), 3Hayenua KOTOpOM npuBe- 
AeHbI BYCTBEPTOM CTOAGUE. SaTeM MOKeET ObITb paccunTan Bxog E, 
KaK KOPeHb KBaApaTHbIA H3 MpOH3BeeHHA BeAHYHH B TpeTbem 


10 


F(E,) (Ha modem) 


F (E,) (pacyemuas 
"20 Kpueag) 





oF 10 20 30 40 


E, /({1eonvm), 06 
Pur. 9. Kea3nvauneivaa dyHKunA ycuaeHuA no 
MaHHbIM HCMbITaHHA CAYYaHHbIM BXOJHBIM CHPHaJOM. 


HM YeTBEPTOM CTOOWaxX; pesyibTaT pacueTa 3aNNCblBaeTcH 
B mocneaHem crojOue. Jlna F(E,) uw dyHkuwn ycuaenua, 
HCMOAb30BaHHOH MPH MOMeCAHPOBaHHH, NOyueHO Xopollee coBna- 
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menne; 06€ KPHBWe noxa3zaHEt Ha ur. 9. Heanneftwaa xapaxte- 
pucTHkKa, Nowy4eyHag us F(E,) c- MOMOULbIO MeTOAOB, 3.10- 
*KCHHEIX B pu; *eHHH I, noKasaHa Ha ur. 10 BMecte c xapak-: 
TEPHCTHKOR, fcnonb30BaHHOA MpH MOAeAMPOBAHHH. orm ‘xapak- 
TEPHCTHKH “Tax xe XOPOHIO COBNaawr. 

Onpenenennem F (E,) 3akanunpaetca ouenka enasWnunenion 
CHCTEMi], ecH He CUHTATb TOTO, YTO HeEOOXORHMO ele onpe- 
ACAHTY, nomowKeHHe JMHHA MOCTOAHHBIX 3HaueHHA E,. Onpese- 
ACHHE fomoKeHHA STO AHHHM He Tak MpocTo, Kak AAA cAyyaa 

/ 

‘ & 








f(e,} (pacyvemHan 
Kpueas) 


| fm (Ha modeHt) | 
2 4 6 8 


€,, GO/IbITIA 






f (e,), soba 
& 


G 


‘Pur. 10. Xapaktepuctuka mo aHHHM 
HCIBITAaHHA CAYYaHHbIM BXOQHEIM CHIHaJOM. 


CHHY COMA IBHBIX CHrHaJOB, NOTOMY TO KPHBbieé, XapakTepu3y- 
joule clyyatHble WaHHble, He NOOOHbI. HO Bce-TakH HeKOTO- 
phe cnocoOh onpezereHHa AWHMH MOCTOAHHEIX 3sHaueHHh E, 
6yAyT paccMOTpeHbl. 

B HweKOTOpBIX CyuaaX BJMAHMe pa3sIHuHHX yyacTKOB Xapak- 
TEPUCTHKH HEAMHeEMHOFO 9eMeHTa MOXKET ObITh 3AMEYEHO Ha Kark- 
not Kpusoi E2//? kak dyukunu /?, OTH BAMAHMA MaloT Mpo- 
cto cnoco6 onpexe jenna KpvBOM MOCTOAHHBIX 3HayeHHA Fy. 
B npuMepe, MoKa3aHHOM Ha @ur. 6, pe3sku M310M xXapakTe- 
PHCTHKH HeAHHEAHOFO S/IeMeHTAa NPHBOAUT K NOABJICHMIO 3aMeT- 
HOTO H3MeHeHHA KPHBH3HH KaKLOM M3 KPUBbIX E2//? wosaunua 


locTOAHHEIx sHayeHHh E, —F, mposonutca uepe3s TOUKY, 
B KOTOPbIX H3MCHACTCA KPHBH3HA KDUBBIX. ae 


wwe 
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Hekotoppie culenauime cucTembI uMeloT 34MeTHYIO OONaCTb 
JMHeEHHOrO AC ACTBUA, YTO MOKET ObITh UCNOAbSGB4AH D AAA Olpeme- 
NeHHA NONOKeHUA KPMBOM MocTOAHHEIx sHayenni\ fi. B oOnactu 
aAMHefHOrO Refictaua dyHKuua F(E,) noctosnna i, CyulecTByetT 
CéMeEHCTBO TOPH3OHTAAbHbIX KPHBbIX E2//? (cm. dur. Q): TaK Kak 


mee), - (68) 
B 9Tof mMHefHot o6nacTu BeanunHa E2/J? Monet Onith oileHeHa 
Kak @YHKUMA ©,, H STH AaHHble MOKHO HCNOb30BaTb. pH 
pewieHuu ypaBHenua (38) Aaa onpenenenua A(jw) B(jw). PeWe- 
HHe ypaBHeHua (38) aaa onpeneneHua A(jw) B(jw) Bosmo’KH9 
notomy, uto F(E,) nocTtosHHa B AMHefHoO oOnacTtu. Ho E, He 
NOCTOAHHAa B STON OOMACTH, HM, CAeMOBATebHO, peuleHue y~4B- 
HeHva (44) aaa pasnqenenna A(j/w) uv B(jw) we Mower 6FITb 
BLINMOJHEHO HemocpeacTBeHHO. Bmecto stToro- sBbipaxKxere 
A (jw) B(jw) nonzctaBaaioT B ypaBHeHue (34) BMecTe c HekOTC’” 
PbIM MOCTOAHHBIM 3HayeHHeM F(E,) wu noayyanwt E//* kak 
yHkunio w,. Tlocrosuuaa Bemuunna F(E,) owkya ObITb BbI- 


OpaHa B HewHHeMHOM OOnacTH. PyHKuna E?//* monet ObiTb 
OObEAHH. Ha C SKOMEPHMeCHTAJbHbIMA DaHHbIMH 2A ONpeweeHuA 
AMHHH MOCTOAHHBIX 3HayeHHA E,. 

Ecam HeauHehubifi 9feMeHT He MMeeT OONaCTH «AMHeMHOrO 
meicTBua WM y Hero He CYULeCTByeT pe3KO BbIPaKeHHOH XapakTe- 
PHCTHKH, TO TAA ONpedeAeHHA AHHH MOCTOAHHBIX 3HayeHHh E, 
HeEOOXORMMO MPHMeHATb HTepanHOHHBIA mpouecc. Mrepanuna 
HauHHaeTcaA C 3a40aHHa MpHOWKeHHOrO NOOKeHHA AHHH O- 
CTOAHHBIX 3HayeHHH E,. Jayuble, B3ATbIe C 3TOM AMHHM, UCNOMb- 
3YIOTCA Ad OWeHKH A(/w)B(jwo), HW TakuM OOpa30mM ompedte- 
AMeTCA NOMO%KeHHE BTOPOH AWHHH MOCTOAHHBIX 3HayeHHfi Ey. 
JiaHHble, B3ATbIC CO BTOPOH AMHHM, HCMOAb3yIOTCA AIA NOBTOP- 
HOH oweHKH A(jw)B(jwo), 4yTO NO3sBONseT NOAYYHTb HOBYIO 
OWeHKy MOMOXKeHHA NOAAMHHOM AMHHH. OTOT NMpollecc NOBTO- 
paeTcaA MO Tex NMOp, MOKa NOMORKeHHe AWHHHM He CTaHeT BMOHE 
onpeweeHHbIM. 


Sakmoyenne 


Metoabi OWeHKH MO XapaKTepHCTHKaM CHHYCOMMAAbHBIX 
H cay uanHbix CHI HaJIOB ABJAIOTCA OJHHM H3 TIPHMepOB ITIDHME- 
HEHHA KBa3HJMHeHHbIX MeTOQOB pacueTa HeAWHeMHbIX CHCTeM. 
OTH MeTObl B CON€TAHHH C YACTHEIM MpeANOAOKeHHeM OTHO- 
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AS 


CHTeNbHO OpMbI CHCTEMBI UCNOAb3syOTCA ANA TOTO, 4TOOEI 
NOAYYATh CieuHaAbHEIA CnocoO OWeHKH OFpaHwueHHOrO, HO Baxk- 
HOrO Kmacca HeAWHeMHBIX CreaMuNX cHcTeM. TaKHM MyTeM 
JeMOHCTpupyeTCA pa3yMHOCTb HM MOJb3a KBa3sHMHeMHOTO = MIpH- 
OAWKEHUA DAA pelleHHA 342a4 OLEHKH, YTO ABAACTCH OCHOBHBIM 
MOMEHTOM B HACTOALeM MCCeMoBanHn. YcnewHoe MpYMeHeHHe 
KBa3MAHHCHHEIX METOOB AAA OWeHKH CleNAULHX CHCTeM OMHOTO 
onpemeteHHOrO Kacca yKa3blBaeT Ha TO, YTO MOeeMyrollar 
pa6ota c ycnexom MOxKeT ObiTb HanpaBleHa Ha pacnpocTpaneHnne 
W3/IOKEHHOFO MeTOMa MpHMeHHTeAbHO K APyrHM BUaM CedA- 
WIHX CHCTeM. 

Cnoco6, OcHOBaHHBIM Ha HCNOAb3OBaHHU XapakTepuCcTuK 
CHHYCOMMANbHEIX CHIHaIOB, MpekcTaBaseT coSofi Hemocpel- 
CTBCHHOe PasBHTHe CYWLECTBYIOWMX METOZOB HM erKO MOHATEH. 
Jina nonyyenua TpeOyeMbIX aHHbIX MO2KHO HCNOAb30BaTb 
cyllecTBylomee o6opyoBaHve AAA W3MepeHHA aMMMAHTY Dbl 
; H ca3pl. Takum o6pa30m, 9ToT cmoco6 MOoxkeT ObITb HeNo- 

CPeACTBEHHO MIpHMeHeH K pellieHHiO 341a4, MpeACTaBAAIOWUX 
NpakTHyeckHi UWHTepec. 

FIpakTuueckad BaxKHOCTh cnoco6a, OCHOBaHHOrO Ha M3y4eHHH 
-XapaKTepHCTHK cay4afHbix CHrHaOB, He TaK BeNHKa, Kak 
mpenpayuero cnoco6a, MOTOMy YTO STOT COCO) Oonee CAOKEH 
Kak Cc pacueTHOoH, TaK HM C 9KCNepHMeHTaNbHOM CTOPOHHE. 
Ho usyyenve cay4yahHbIX CHFHaNOB MpeAcTaBlseT TeopeTHye- 
CKuM MHTepec H MOXKeET MpuBecTH K paspaOOTKe BaxKHbIX MCTO- 
ROB OWeHKH. 


MPUJIOKEHHE! 


Ouenka HeJHHeMHEIX XapaKTepHCTHK 


Mertoabl OWeHKH KBa3MIMHeMHOH CHCTeMbI, MpHvOJWKeHHO 
npeactaBasiouleh HeaMHefHy!o CHCTeMy, yoKe ObIIM H3102%KEHH. 
Jina 3aBepileHHA OMeHKA cremate cHCTeMB]E HeOSX9 MMO 
no PYHKUMH YCHAeHHA KBa3HHHeEMHOrO 9eMeHTAa OMPeCACAMTb 
XapaKkTepHCTHKy HeaHHefHOroO 9memeHTa. B cayyae HCMOb30- 
BaHHA CHHYCOWAIbHBIX CHrHaOB STH Be XapakKTePHMCTHKH 
CBASaHLI Apyr c Apyrom ypaBuerneM (2), KOTOpOe MbI 3/1eCb 
3@HOBO BBIMHLIEM: 


n/2 
F(E) = f FE, sin 6) sin 6 a8. (56) 
~/2 
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SR NG SON, eS re 


Ecau kBa3sMauHefinaa yHkuua ycunenua F(E,) 3anana, 
a XapaKTepUCTMKa HeAMHeMHOrO SvemeHTa f(e,) HeN3BeCTHa, 
TO ypaBHeHve (56) aBaaeTCA WHTerpasbHbIM ypaBHeHHeM, Jia 
NpHOAWKEHHOrO PelleHuA KOTOPOFO CyLecTByeT MHOFO cnocoboB. 
IIpocrof wu BnowHe yoBAeTBOpUTeAbHDIN rpaduyecku coco 
pelleHuA COCTOHT B TOM, 4¥TO cbyHKuMio F (Ey) anpoxcumupyiwr 
CyMMOK 


N 
P(E) = 2 3nF n (E,). (57) 


AMpOKcuMaliua BbINOAHAeTCA NyTeM BbISOpa NOAXOAALLAX KO9Q- 
uuventos 8, nu cynkunt F,(E,). Pyxnkuuu F,,(E,) noay- 


fy, (e4) 










Edunuynotl 
HAKAGH 


e; 





Edunuynoiu 
HANAOH 


Pur. 11. Anpokcumupyiouaa pynKuua. 


yalOTCA MpH MOACTAHOBKe M3BECTHHIX ANPOKCHMMPYIOWWUX byHK- 
uni f,(e') B ypaBHenve (56) mM BEINHCHeHMM NOsyYeHHOrO 


MHTe€rpaa 
w/3 


2 cies 
F, (ED = = J f, (E; sin 9) sin 8 d6. (58) 
Xapaktepucruka f(e,’) 3aTeM ONpenenseTca u3 COOTHOWeHHA 


N 


f (4)= > 8 fn (€1). (59) 


=1 


MoayOeckoHeuHad HaKJOHHaA MpaMas, NOKasaHHas Ha cur. 11, 
ABAAeTCA YROOHOK anpokcumupyiouleli pyHkuueh f, (1). Ecau 
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sty ¢byHKumMiO NoMcTaBHTh B ypasHeHHe (58), TO nloay4HM 
cAenyIOUWWA HHTerpar: 
n/2 

pe (2) Frsinp—1)sinddd, (60 
FAEQJ=P(a\=se  f (2 sin 1 \sin6d9, (60) 
arcsing, /E, 
M, KaK 9TO BUHO u3 ypaBHeHua (60), Bce yHKuHH Pn (Es) 
MoryT ObITb 3anvcaHbt B Bune ONHOM yHKUHH F* (E,/a,) 
ot aprymenta E,/a,. Takum oOpasom, F(E,) MoxkeT ObiTb 
Mepenucana B Bue CyMME | 


rey= > pF *(=) (61) 


H pelieHWe HTerpatbHoro ypaBHeHHA MOXKHO — BBINOAHHTb 
C MOMOLLbIO NOACTAHOBKH BeHUHH @, HU B,, ANPOKCHMMPyIOWHX 
F(E,). Kosbouunentn a, 4 8B, MOKHO BbIOpaTb, NOCTPOUB 
kpupie In F(E,) kak dyxukuuio In FE, u In F*(E,/a,) kak byHk- 
unio £E,/a,. OTH aABa rpaduKa MOXKHO, HatOKUB UX Apyr 
Ha Aipyra, MepemellaTh 10 HavAyuulero coBnameHHa WM TaKHM 
o6pa30M onpeneauTb a, wu By. SaTem BHNepuMBaeTCA yHKUA 
F (E,)— 8, F*(E,/a,) ¥ mpouecc copMeleHHa nmpoomKaerca 
Aaa onpenenenua a, u 8,. Mpouecc copmeileHuf MOKeT ObITb 
MOBTOPeH CTOJbKO pas, CKOMbKO HeOOXOJMMO Aa NOAYYeCHHA 
xopomet anpoxcumaumu F(E,). Tak kak STOT Mpoltecc MpuBo- 
wut K KYCOUHO-aMHeMHO ampoKcumaluu f (e:), To wm06ax 
cyHKUHA f (ex) MOMKeT 6bITb AMPOKCHMHpOBaHa, eCAH HCMOVIb- 
SOBATb JOCTATOUHOE YHCAO OTPe3KOB MpsAMOM. 

Ksa3suauneftHad PyHKWuA yCHeHHA, ONpenenenHHad B Mpumepe 
H MoKa3aHHad Ha dur. 3, MoxkeT ObITb aNpOKCHMHpOBaHa AByMa 
ujeHaMH CyMMBI B ypaBHeHuu (61). Sra cyMMa MOxeT OBITb 
3anucaHa B Bue 


F(E,) ~F* (3) Ft (5t). (62) 


bynkuun F*(E,/0) u F*(E,/10) takxe moKkasanst Ha dur. 3. 
PasHocTtb sTHX dyHkuuh aaet F(E,), xOTA 9Ta pa3HOCTb 
HenocpeACTBeHHO He BUAHAa Ha FrpaduKe 3-34 MpHMCHeHHA 
nOrapH@MHYeCKHX KOOPAHHAT. | 

Heaunefivas xapaktepuctruka F(e,), nomyueHHad Mp nol- 
CTaHOBKe BeAHUHH a, uf, 43 ypaBHeHus (62) B ypaBHeHue (99), 
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a ii ein 


BblyepueHa Ha bur. 4. B npenenax TounoctTa NOCTPOcH IA 9Ta 
XapakTepucTHKa COBNamaeT C XapakTepuctukott, NPHHATON 
Np MOJeMpoBaHan. 


NPUJIOKEHME 


Pemenne HHTerpaJdbubx ypaBueHni, 
OMNpeweIAOMNX NepekaTounyio PYHKLLKIO 


IIpa ouenke, OCHO3aHHOA Ha HCNOMb30RaHHH XapaKkTepucTuK 
CAYMaAHbIX CHTHaM9B, TpedyeTcA PellaTb UHTerpaabHble ypaB- 
HeHaa (38) u (44). Oru ypasHenHaa uMeloT cazayloulyio dopmy: 


co 
TO 


4 
a) 
—— {R(w,)\] — f : H(jw) |? d 
= = | ——— Tw 63 
V2 [ (©7)] pal (J )| ’ ( ) 
rhe HeuspecTHaa dyuKuua H(jw) spanerca nepedatounott 
yHKuneh Cnenasuleh cucTemst, a R (,) — 9KCMe puMeHTabHO 
ONIPeMeNCHHOe OTHIWeHHE CPeHAX KBANPATHYHbIX 3Ha¥eHuf 
HanpAxKeHHa. | 

Popma spa ypaBHenia (63) nactT BO3MOKHOCTh Np'uMeH ITb 
ANA erO pelweH4A MpeoOpa3zopanie Jlanaca. Baaronapa uer- 
HOCTH MOABIHTCrPalbHOrO BbLIPaKeHHA ypasHeHie (63) MooKerT 
ObITb NepenvcaHo B Bue 


TM y «4 
ae R(,)] a | Fay | HU) F do. (64) 


ITocne 3ameHb! mepemeHHBIXx wo, == e* Mu W==e " ypaBneHie 
NPHHUMaeT CeAyIOULHK BUN: 


eae aE —~t) —..- r l 
2V 2 Ree ) — ; l “+g (= — 9) | H(je~?) IZ e-° ds. (65) 
0 


Anpo ypasvenun (65) asasetca cynKuuedt pasnocru t—e 
ABYX MepeMeHHbIX. CyrenoBpaTenbHo, 93TO HHTerpalbHoe ypas- 
HCHHE MOKHO PellHTb C MOMOLIbIO JBYCTOpPOHHeroO mpeobpa3o- 
BaH IA Jlama'a C HcN0Ab303aH 1eM TeopeMbI CBepTK. (9). 
H-nojlb3ya sty Teopemy, peulenue ypaBHenua (69) MOxKHO 
3aMuCaTb TAK: 
eae 
eer s 
[J H(je-2) Pert = ote 5 Fs, (66) 


¢—Jro 
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LL 





roe C(s) —Npeodpasopanie eBOn YacTH ypaBHeHHA (65) 
C(s)= J syre'R (e-*) e-*8 dr, (67) 


a D(s)—mnpeobpasosanue apa ypapnenua (695) 


fea) 


l 
D(s) = J ie 





e-%da. (68) 


Ecau mpeodpasozanua C(s) u D(s) umeiot oSukyio nomocy 
CXOHMOCTH, TO ypaBHeHHe (66) ompederneT mpaMOM MeTOR 
HaXOKMeHUA PelleHHA MHTerpasdbHoro ypaBHeHua (63), Tak Kak 
WHTerpasbl B ypaBHeHuax (66)—(68) MoryT ObITb Hal JeHbI 
B YHCIeHHOM Bue. Ho Tak Kak YHCJIeHHbIA pacueT yTOMHTEJCH, 
TO 30cCb MpuBOANTCA GOee MpocToM cmocos, BK NOUaIOLILMA 
B CceOA aHamuTMYecKOe MposOmKenHe cdbyHKunn R(w,;) Ha KOM- 
MIeKCHbI€ 3HAYeCHHA wy. 

Unterpaa B ypaBHeHun (68) MOoKHO BBINHCAMTb C MOMOLIbIO 
MeTOa KOHTYPHBIX MHTerpalo3, 4YTO WaeT COOTHOMIeHHE © 


re 


DS)=— Tings” (69) 
Beanunny C(s)/D(s) MOxKHO TeNepb 3amMcaTb TAK: 
C(s) 2 (gt gnays 9 -(n/4)8) 0 7 
Sire e (5/48) 9(8), (70) 


MonctranosKa ypapHenua (70) B (66) maeT mNTerpas, KOTOpHIA 
MOMKHO BbIUHCAHTb, BLIPAaSHB pe3y4bTaT Yepes R(w,), 4TO MaeT 


| H (je~°) |?e —-o VF [e —t9—Jr/t P (e ~Sg—Jn/s) 
—e ~seFs4R (e ~2098/)). (71) 


Tlocne 3aMeHbI MepeMeHHOH w == e~* Nepenwiwiem ypaBHeHHe (71) 
B TakOH opme: 


| H (jw) |? = Re [R (we**/4)] + Im[R (wesr/4)]. (72) 
Ypapnenue (72) onpenenset |H(jw)|* Kak PyHKUMIO Be- 
iuecTBeHHOM uM MHuMOM YacTel R(we-*/4). OkcnepuMeHTaJIbHLIe 


naHHble onpezeamioT R(w,) TOABKO AAA DeHCTBUTCMbHbIX 3Ha- 
ueHHit w,;. TlosTOMy HeEOSXOAMMO HCHOMb30BaATb aHa/IMNTHYCCKOE 
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MPOAOWKEHHE AAA PaCWIMPeCHHA OKCNEPHMEHTAAbHbIX JLaHHpIXx 
Ha KOMIVICKCHBI€ 3HaYeHHA wy. OTO aHawMTHYeCKOe mponOmKe- 
HHe jyMOOHO BBINOJHUTD, ampoKcHMupysA R(w,) ananuTuyeckokt 
dbyHkuveh. Bnoake onpesenennas opma 9ToH dyHKUMN BEIGH- 
paeTca noTomy, 4To H/ (jw) saBasetca pamMonaabHot PyHKuneh 


BoiconovacmomHasdt 
ic 
-- -_ — — 

















‘Xo -/f 
= Od mas APUBQA, CMPCMALUQACH 
ste K BUICOKOYACMOMHON ACUMTINOME 
_~ 
z “20 via 
N 
~40 





2 4 6 1 20 40 60 100 200 400600 1000 2000 4000 
Ww, , pad/cer 


Pur. 12. ATES: MNOAYUCHHbIe H3 KPHBOHW C NOCTOAHHBIM Ey. 
jo M, CAeHOBaTeMbHO, R(w,;) ABAReTCH pauHOHaAbHOM yHK- 


UneH 7; DAA NOAOKATEABHEIX 3HAYCHHA w;, KaK 9TO MOKa3aHO 
B TaOJHWe MHTerpaloB B MpHoxKeHHM C paG6oTl [8]. Ilostomy 


tbopma 
by + 6,0,-+ bo7 +... +6 07 
R@j=— es (73) 
Oy 8) 4907 + + + + AQF 


ABIACTCA BNOMHE NOAXonAumeh. Kosdduuveuts: au Ob psi6u- 
PaioTca Tak, uTOOb! R(w,) copmanana C 9KCMepHMeHTaJbHbIMH 
AaHHbIMH. Ypapuente (73) MOKHO pas1O%KUTb Ha pA AMHEPHEIX 
ajireOpanvecKuX ypaBHeHH, KOTOPbI€ MOXKHO PeliHTb Aa no- 
Jy4ueHHA TOYeK COBMaweHua. 

B KayecTBe MpHMepa Hafiqem peuienue ypaBHenua (38), 
HCNOb3yH MaHHble, MpeacTaBsAeHHble Ha Mur. 6. OtTnowenue 
E*//? aa mocrosHuoro sHayenua E, Kak cbyHKUMH «, rpagnu- 
yeCKH TpeAcTaBseHoO Ha dur. 12. Mpouecc npwOmmxKenua R (w,) 


K 9TOH dyHKUMM HauMHaeTcH C Toro, 4TO ypaBHeHHe (73) 
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| NepenvcblBaeTca B Cleayoueh opme: 
wR (7) @y + w7R (7) ag + 07R (07) 3+ 
+ wiR (wp) a,-+ O§R (07) a, — 075, — (74) 
— wb, — 5d, = wf[1 —R (wp 107 °w7 — R (w)). 


Ypapuenve (74) mosyyeHo B MpeanosoxKennu, TO Mepeda- 
TOUHaR @byHKUMA ApAMoM wenn caeAAuleH CHCTeMbI CTpeMUTCA’ 
K HyJ0 MpH BBICOKUX YacToTax H K 1000/s npH HH3KHX 4acTO- 
Tax. Takum O6pa30M, 43 ypaBHeHua (34) caenyer 


E(w) >t, Kora Wy—>OO, 


2 
2 @ 
a (7) —> Tot » Korga w;—>0. 


Beavynnbl ©, H R(w,), B3ATHIC Ha dur. 12 B TouKaX, 0603Ha- 
YCHHHIX KPy2KKaMH, NOACTABAAIOTCA B ypaBHeHHe (74); B pe3syib- 
TaTe noayyaem 8 ypaBHeHufi, KOTOpPbIe MOXKHO 3aMHCaTb B MaT- 
pHyHOK opme: : | 


1 13,1 41 1,28 0,4 0,0125 3050 954 298 | 
17,8 111 696 435 0272 2240 1520 95,4 
212 265 332 41,5 519 1950 2440 305 
210 5250 1310 3280 820 15600 39000 9770 
17,5 875 4387 2180 1090 1250 6250 3120 

97 9700 9700 97000 97000 10000 100000 100000 | 
42 1060 2656 66400 166000 1560 39100 97700 
0,918 551 3300 198000 1189728 2160 129600 778000 


— 


a) [HAL 
449 — 2,81 
10a —s 1,68 
10%, | | —8,31 

| 1084, || —0,387 (75) 
— 10%b, — 0,93 
— 10%, — 1,72 
_— 1056, — 24,7 


B ctpoku u cTomOub ypaBHenua (75) Oba BBedeHH pa3- 
AWYHbICE MHOKATeEAM, 2A TOTO YTOOHI NOHH3UTb MOPAAOK KoIb- 
(buuweHTOB MaTPHULI. Pewenve, momyueHHoOe C NCNOb30BaHHeM 
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MeTona Kpayta [10] mu apudmMometpa, 2an0 caeayioue pesyab- = 
TaTbli: ast 
—_— = ie oe | 
ai 3,27 - 10 2 io] 
a» 3,56 - 107 4 
ay — 496-1078 
ay | 28,0-10°8 7 
6 
as ~~ 241-107 1 (70) 
bs 15,8-10° 8 
b, — 28,2-10°8 
145, | —243-107" 


TloacTaHOBKa aHaJHTMYeCKOK MyHKunH (73) c Kosdduunen- 
TaMH M3 ypaBHeHunt (70) B ypaBHeHue (72) aaeT BejMUHHy 
| 7, (jw) |, rpadak KoTOpoH nmpuBenen Ha cur. 7, uM 3aBepulaeT 
pellcHie ypaBHeHHa (38). . 
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Tipamenenne 52 err eeae 


Homep 








Peryauposka 





peryaHpoBka 4YacTOTH 








peryaMposka aMmAHTyob 


1 
i 








peryanpopka yposua 















































AunamMuveckag 
xapakTepucTuKa 


reweparapn ; wTepeas, 24, : nuteppaa, xI/ca? | wureppas, xI'/ca? | : | 
B noaepnx | B AaGopa- aD Hempe- Kanu- ss crynen- 7 Henpe- | KadH- | CTYyTeH- Hempe- . Kanu crynen- | M40cKa# | yaockag | _MMeeT 
| yeaoBuax TOpHH z pupHaa =  SposKa yaTaa pipHas = G6posKa = 4aTad i "| pepHas 6popKa yaTaa BO BCeM | no, ag | HHK MpH, 
: MHH. ; Make, MH. Make, | ! | Mun. =| Make. ; pees : i em 
I ae ae 50-107? 12 ae px + 0 1,0 zo = 4 7-107) 21, 4 1 3 
2 - + 28-107 0,5 + on is 0 0,7 ae ae es +) 0 4+ — | Shee ahs fs 1 
3 +o) oot 14-1077 | 18 + ae 0 io | + | = + 0 Qo + a ee 5 22 
4 + +, 84-1074. 15 + = = 0 10 | + | —- bos 0 Qlowo + Se 5 5 | 
5 a ae ' 84.1074 | 10 + ae se 02 | 03 as top O02: 14 jor | + = 7 a a 
6 +o} 23-1074 | 15 + Be + | 35-107") 0,35 + fo Fo + o | 14 | 4 9 10 
7 + + 1,6-107° 16 Se ys 44-1079) 56-1077] | — 02, 8h Oe EE US oe i = 6 12 | 
8 + + © 84-1074 83-107° aa iy 0 0,5 + + 0,14 10 | + ae ih ee 
9 i + | + | 56-1078 | 0,5 cree int ee a 0 0,4 4 + + 0,2 10 . + a | + + | 
10 —~ } + i or | Oo A ne de + 0 0,4 + Sey gh eae O20) 140 | ee + 
He =, «8s + | 62-107! 50-107? - aire stirrer 0 0,4 Se iy + 0,2 ro | + | eo + 
2 + — 10-107 = 33-1077 2 = 0 04 oe ae + 0,2 10 ih JH) ces 
13 + +} 56-1074 | 2 + ae + 535-1077 0,5 cee, We TOs Vi ae) Aces tl) Se Bs ae + 
400 + oe 1,4-1074 | 20 | + + + 0 0,7 + oio+ a 0 die [lodges Ue acres ee 4 v4 
15 ree 28-1074 | Bb | + = + 4 | -- ae | a nr 
16 + - | 28-107 10 — | po + top + for : bof + io 
17 _ a 8,4-1074 225 + | + + 417-1074 0,17 -~ | + +f 02 | lo, + | tb o+ 1390 | — 
: | i : i ‘ 
18 oe ee 36-1078 | 0,74 — tog ay 7-107) 04 a de om nee Ce a ee 
19 ~ | + 02 | 8 | Fp te —-}—}— | © | to! + | e | to b 4 
20 Ah + 0,17 | 250 | J ee 0 3,5 af + |! oo 105 | ies ee + 
‘ | ' | | i | 
a | 100 ; 2000 0 10,5 0 88 | 
2 + 40 0° 45° + | | | 
23 | + 50-1078 0) +, + os Ocm | 25ea + xe + 
24 + 83-1078 | 18 | 4 Ocm | 25cm + es | | | | fe 

















Hpusesanue. Tlawc osuavaer «gas, MHMyC sHeTs, [lycTNe KACTKH YKOSMBAIOT Ha OTCYTCTBHE AaHHbIX. 
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15, FEHEPATOPbI CHHYCOHJIAJIbHbIX KOJEBAHHH ') 


(O630p MHeBMATHUCCKHX, MCXAHHUCCKHX H QNEKTPHYECKHX YCTPOMCTB 
«AAA MIOAYYEHHA WACTOTHHX XapaKTepucTHK) 


. Cenm-Kaap, JI. Spam, C. Tuaanecnu 


Baenenne 


3a mocnedHHve HeECKOAbKO eT MeCTODB YaCTOTHOTO aHadhsa 
Hall IWMpoKkoe MpHMeHeHHe B aBTOMATHKE. B naHHoh cTaTbe 
coOpaHhl cBeMeHHA O Pa3H4HbIX CXEMaX H nmpu6opax, KOTO- 
phe NpHMeHAIOTCA HI MOryT MPHMeCHATECA B KayecTBe HCTOYHH- 
KOB CHHYCOMMaNbHEIX KOAeOaHHA, HEOOXOAMMBIX Aa SKCTICpH- 
MeHT@IbHOrO ONpeneteHHA YACTOTHBIX XApaKTEPUCTHK MPOMbi- 
WJICHHEIX CHCTeM. ABTOPH MONMaraioT, ITO STH CBEMCHHA OKARKYTCA 
mOleS3HHIMH BCeM, KTO HMeeT 2e10 C YaCTOTHEIMM MCTODAMH HCCe- 
OBaHHA, MH MpemcTaBaT MHTepec TakxKe 118 WHPOKOTO Kpyra 
CMe lHatHCTOB. 

Hactosum o630p MMeeT B OCHOBHOM OMNHCaTeIbHBIH Xa- 
paktTep, Tak Kak 3aTParHBaeT JIMLIb oG6uime cBoicTBa revepatTo- 
pos. Jipyruve cBofcTBa SKCNepHMeHTaAbHOrO o6opy20BaHHa, 
ITpHMeHHeMOrO AA OMpenedeHHA AMHAMMYECKUX NapaMeTPOB, 
B KOTOPOM reHepaTOp CHHYCOHMMaJIbHBIX Kone6aHH MOKeT ObITb 
JWUWb YACTbIO, YIOMAHYTH OYeHb KPaTKO. ABTOph. HaMepeHHO 
ONyCTHIH SeCh MpOcTpaHHple oOcyxXeHHA MpeHMyLeECTB, KO- 
TOPHe NPOABARIOTCA Mp. MPHMeHEHHH YACTOTHBIX XAaPaKTePUCTHK, 
NOCKOAbKy Oobuloe KOAMYeECTBO HCNOAb3SyeMBIX FeHepaTOpOB 
KONeOGaHHM H HHTepec CMeWHaNMCTOB K YaCTOTHBIM MCTOMaM TO- 
BOPAT CaMH 3a ceOs. : | : 

Bea paccmaTpHBaemaa amnapatypa noapasierseTca Ha MHeB- 
MATHYeECKYIO, MEXAHHYeCKylO WH SICKTPHYECKy!O B COOTBETCTBHH 
¢ BHIOM ee OCHOBHOTO BHXOAHOrO curHada. Cratba pas6uTa Ha 
COOTBETCTBYIOWIHe passer, MOCBALICHHBIe OTACAbHEIM THMaM 
ycTponcts. ; 


1) St. Clar D. W., Erath L. W,, Gillespie S L., 
Trans, ASME, 76, N 8, 1177—1183 (1954). 
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474, Al. Ceuxt-Kagp, J. Spar, C. Tuanecnu 
Seger a le ee ee oe 


IlHeBMaTH4eckue ycrTpolictBa 


HanOonee pacnpoctpanenueit cnoco6é NOJYYeHHA MHeBMa- 
“ - THYECKMX = CHHYCOWLaIbHEIX KOoneOaHUH cocTOHT B TOM, 4TO 
BpallaTebHOe ABMKeHHE CHaYana NpeBpaillaerca B Mpoctoe rapmo- 
HHYECKOe ABMKeEHHe, a 3aTeM yxKe mpeoOpasyetca: B MHeBMaTH- 
wecKHH CurHant. B OMHMX caAy4aax aaa BOSOYKMCHHA JeKTPO- 
MHEBMATHYECKOrO pelle HCNOMb3yeTcA seKTPOHHBIE reHeparop. 
B apyrax cayyaax aaa nonyyenus CHHYCOHaIbHbIX KOTe6aHnH 
HCNOCPeACTBEHHO MPMMeHAeTCA BOSAYUIHEIH KOMpeccop. Busino 
HSTOTOBACHO TaKKe MHEBMATHYeECKOe ycTpolicTBo, HCNOJb3ylollee 
MPHHUAT = pesakCauMOHHOrO reHepatopa. Vmewwrca HEKOTODppIe 
CBEACHUA O CaMOBO36yxNalOUleMCA ycTpoticrse THNa conz0 — 
3aCJIOHKA. 

B taOaunax (NeNe 1 — 21) COOpaHbi NaHHble O pa3smMUHbIXx 
HEBMaTHYeCKHX reHepaTopax. IIpumensemble 8 TaGANUe O603Ha- 
ueHHA TpeOylOT HEKOTOPBIX MOACHEHHH. » Y posenb ‘ 1) xapaxrepu- 
3yeT MPCAeCAbHLI€ BOSMOXKHOCTH OOOPyAOBAHUA, BKIONAA aMnJn- 
TYAY CHHYCOMMAaIbHBIX KONeOaHMH; , AMHaMMUeCcKag XapaktTe- 
PHCTHKa® OTHOCHTCS K PuKCHpoBaHHoOH amMmiutyne B 0,07 K2/c.u2, 
(1 Gyxm/dwin®); ,nnockag* O3sHadaeT, YTO aMIVINTYAa BLIXOL- 


HOPO CHrHala. H3MEHACTCA AMWb B Mpenenax 1-Y2 usu 
V 2/2 + Ls 

O6bi4uHO ycrpoftctBo cocrout u3 S€KTPONBHTaTesA, MeXa- 
HHSMa IMI H3MeHeHHA CKOPOCTH HM penyKTopa jaa Bpalile- 
HHA Bala C X*elaemMOoH yraospoh yactoroti. Bpalenue ocu 
mpeoOpa3yerca B‘mpocTroe rapMoHHyeckoe BWKeHHE Nocpen-. 
CTBOM 9KCUeHTpHKa (HM WaTYHHO-KPHBOWHMHOrO MeXaHH3Ma) 
M Hanee MepenaeTca k MHeBMaTHYeCKOMy ycTpoltictsy, npeo6pa- 
SYIOWWEMY MepeMellieHHe B H3MeHeHHe NaBeHna BO3AyXa. Yposenb 
H aMIMUTy la KONeOaHMA yCTaHaBAMBa}WTCA C MOMOLIbIO CooTBeT- 
CTBYIOWWMX pbluaros. a . 

Mofeau, KOTOpbIe CHAbHO OTAMYaIOTCA OT oObIYHOrO ycTpoii- 
CTBa, NMOMpOOuee ONUcHIBaIOTCA HHDKe. 

HekoToppie OnOsHHTeADNEIe cBeneHUA, IPC ACTABIAIO LHe 
HHTepec, MPMBOAATCA HWKe NOM HOMepaMH, COOTBETCTBYIOLLUMH 
HOMepy TreHepatopa B ‘Ta6auLe. i 





1) CurHaa Ha Bblxoze reHepaTopa MOET ObITh MpeACTaBeH B Bue 
CYMMbI NOCTOAHHOH CocTaBasioulen (»YPOBeHb") 4 nepemeHHo CHHy- 
COMAAIbHOM COCTaBAMIOMeH, xapakTepu3yiomlelica aMnantTy on. — [7pum. 


peo. 
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15. Teneparope: cunycou@aaonoix Kxonebanuil 475 


$e 





1. Cm. [1] 

4. ITO ycTpotcTso aBdeTCA B8pHIBOGesonacHEM. OHO npu- 
cnocoG1eHO 118 reHepHpOBaHHA 9eKTPHYeCKHX CHrHasOB: Kora 
9TO BOSMOXKHO, MPUMEHAETCA SeKTPOHHHIM renepaTop. 

5. Ta MOMeAb aHa B AONOMHeHHe K aHanNOrH4Hot MOJeGJIK 
nog HoMepom 13. | 
7. [aa paOor B nOneBLIX yc7OBHAX MOXKeT OMITE MpHcoeHHeH 
NHeBMOABHraTeb. JLONOAHHTeEABHO paspabaTHIBAaeTCA ycTpoucrtso, 
OCHOBaHHOe Ha MPWHUMNe pesakcauMoHHoro reHepatopa. Oxo 
ObI10 HCNBITAHO B MOJeBbIX yCAOBHAX. 

8. STo Hoshi o6pasen annapatypu. Sanucp cotor paduue- 
cKaa, HO He TpeOyeT nposBseHua. Cxopoctb seHTEI CHHXPOHH3H- 
PpyeTca C YaCTOTOM M H3MeHAeTCA WecCTbIO CTYNeHAMH C MOMOLIbIO 
KOpOOKH nepemay. Bpawenne ocu npeoOpa3yertca B 3IEKT PH - 

4 ueCKHH CHIrHad NOCpeACTBOM NOTCHUMOMeTPa, KOTOPHIM ynpas- 
AACT SACKTPONHEBMATHYCCKHM Pete H CaMONHCLeM 6e3 AONONHH- 
TeMbHOrO ycCHaeHHA. Bblxol 9aekTPpOnHeBMaTuyecKoro pevie 
nuTaeT TpexTpyOuHM Kana, KOTOpEI BBORUT KoweOanna 
B MpOwecc, He Hapyllad TepMeTHYHOCTH CHCTeMHI. 

9. Cm. [2]. Sto ycrpoftictso umeet BOSAYWHYIO HAM a30THy10 
npozyBky. Sanucb BekeTcA CO cKOpocTDN, li pONOpunOHabHO 
uacToTe. PupMa HCNOJb3yeT HECKOABKO NOAOOHHX reHepaTopos. 
Kouctpyupyetca HOBHI THN reHepatopa Aaa NOJYYeHHA 91eKTPH- 
yeCKOrO BLIXOMHOrO CHrHavia. | 

10. Sro ycrpofictso ucnosmbsyetca a8 MpOBepKH mMpHOopos 
H peryJATOpos. 

11. Dro ycTpoftctBo ucnonbsyetca Aaa ucnbITaHHA o6pa3oB 
oOopyoBaHHA M MOZeMMpywuMx ycTpoficts. Uacrora ycra- 
HaBJIMBaeTCa NATHANUATHIO CTYNeHAMH. AMNAUTYLY MOXKHO pery- 
JIMPOBaTb IHEBMATHYeCKH. 

, 12. Ota MOJetb MpuMeHAeTCA ANA pa6oTH B NOeBLIX 

! yciopuax. Yactora ycTaHaB.IMBaeTCA WeCTbIO CTYNeHAMH, ypo- 
BeHb pery/IMpyeTCA MHeEBMaTHYeCKH. TpexKomnoHeHTHBIit peryas- 
TOP ABJIACTCA YACTbIO OOOPyAOBAaHHA. 

13. Cm. [3]. Stor reneparop CHHYCOMDaIbHEIX KONe6aHHt 
ABAAETCA YACTbIO aNnnapaTypbl AAA MOCTpOeHHA aMIl HT yHO-(pa- 
30B0H XapaKTePHCTHKM HeMOCpeACTBEHHO B NOAAPHEIX KOOpzu- 
HaTax. “acroTa peryaupyetca saMKHyTOM CHcTemof aBTOMATH- 
“WeCKOrO Pe€ryMpOBaHHA, a ypOBeHb YCTaHaBAMBaeTCA MHeBMaTH- 
weCKH. ITO yCTpotcTBO uMeeT mpHcNocoOseHve aaa noryyenng 
STEKTPHYECKOrO H MEXAHKYeCKOrO BEIXOAHEIX CHTHaTOB. Mmeercg 


Sita ~ 
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476 ‘ A. Cext-Kaap, JI. par, C. Puaaecnu es 
| | ; . ee 
Take mpHOop Ja wu3MepeHHA caBura cba3 MexKLy BXOAHbIM Ray 
WM’ BLIXODHBIM CHrHa/laMH. JlaHHble 3almHCbiBaloTCA ABYXKaHa/IbHBIM | 
Q/ICKTPOHHBIM CaMONHINYWMM NpHOOpOM H MoLalwTcA Ha TpyOKy 
Oc uHANOrpada WK ABTOMATHYCCKH BEINCPYHBAIOTCA B MOMADPHEIX 
KOOPAMHaTax. si 
14, OnucanHad MOJeb CO324aHa Ha OCHOBe TpeX MpeAWecTBy- e 
IOlWMX MOReNeHh. TIpuOop. nossojseT NomyYMTb MeXaHHyecKH# 5 


BLIXOAHOM curHan (oT 0 go 38 4m) MW 9eKTpHYeCKHA BEIXOLHOM 
curuan (oT 0 no 100 8) c Tako 2xe rHOKOCTBIO peryupoBanna, 
Kak W Aan Bo3sayxa. MakcHMalbHaf MeXaHHyecKad Harpy3ka 
yCTaHaBAMBaeTCA C MOMOLIbIO MpuBona Tpaxama MOULHOCTbIO 
B1/, A. ¢. 

16. Sra MOsenb HaxOUTCA B Mponecce paspaOoTKH. Oua’ 
6yaet B3pbiBoOesonacHoh. Uactota OyneT usmeHaTeca 40 cTy- 
NeHAMH, OTHOWeHHe Nocntezyioulux cTyneHef 1:1,25. 

17. Sro ycrpoftcTBo. ucnoub3syeT oObiyHbIe CpeAcTBa AA 
CO3MaHWA BpPallleHHA OCH CO CKOpOCTbIO oT 3 OOOpOTOB B Hac 
no 10 o60poTos B cekyHay. C OcbiO CBA3aH CHHYCHBIA MoTeH- 
wuoMeTp. Bixoad 9TOrO NOTeHWHOMeTPAa HIM 9/eKTPOHHOrO Fe- 
HepaTopa (oT 2 fo 225 24) MOMaeTCA B CTyMeHYaTLIM aTTeHIO- 
atop (cryneHu 1 u 10 06), a 3aTeM yxKe Ha ycuauTenb. Bbixon 
YCHAMTeIA MpHBOLUT B LeicTBHe Seren POnNeRMaT i ecaie cepBo+ 
MOTODP. | 

18. Pasmepbi 4 Bec, yKa3aHHble B raOuIMule, BKAOUAIOT pa3- 
Mepbl H. BEC MHEBMATHYeCKUX YCHAMTeeH H CAMOMMULYLIAX NpH- 
6opos. Uactota MoxKeT ycTaHaBjuBaTeca cTyneHamu 1:1,6. Ypo- 
BeCHb MOKHO peryJHpOBaTb MHeBMaTHYeCKH. CKOPOCTb JAeHTDI 
CHHXPOHH3MpoBaHa C 4acTOTOH. 

19. Tenepatop 1a CMelMabHbIxX ween. Tpumenaa Hen0- 
CPeACTBEHHO BO3ZYWHEIA KOMMpeccop, MOXKHO MCHATh aMIMIUTYLY 
lyTeM H3MeHCHHA OObeMA, & YPOBEHb—CMELIEHHeM KJlanana. YTeu- 
Ka BOKPyr NOPWHA OTPHLATebHO BAMAeCT MPH HM3KHX YaCTOTAX. 

20. Sror reneparop mpefctaBiseT coOoK sBpauaouluiica 
MNHEBMAaTHYeCKHH KianaH WH DeHCTByeT Kak MHEBMATHYeCKHH Nyl- 
MyJbHbId TeHepaTtop. B coBpeMeHHOM KOHCTPyKUMH Mp HeKO- 
TOPbIX Pe€XKHMAX HOPMAbHas’ paOoTa HapylaeTca, HO 9TH Hapy- 
WICHHA YCTPaHAIOTCA a/bHefLUMM YyCOBepIeHCTBOBaHHeM KOH- 
CTPYKUHH. | 

21. Ito mHepMaTuyuecku renepaTop KOneOaHHA THNAa-cupeHtt, 
NpeAcTaBsowwnh coOol BUAOKM3MeHeHHe mpH6opa, onucaHHoro 
B pa6ote [4]. VickaxkeHHA He3HAYHTeJbHEI] Mp AOcTaTOYHO 


~—_ 
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15. Peneparope: eurkycoudanonox Konebanud 477 


7 TIMATCAbHOM pacueTe OTBepcTHH H HCNOABSOBAaHHH pesonancuok 
KaMepbl. AMMAMTya cocTaBAdeT mpH6au3utTerbHO 80°/, oT 
YPOBHA aBsenua. | 
Coscem HelaBHO NMosyyent! cBenenua 0 mpu6ope, Kotopnit 
' COCTOHT H3 BHOpHpylollero cTep2xna, Bos6yKaaemoro crpyeli 
CKaTOrO BOSMyxXa, HaNpaBeHHOTO B WeHTp CTepoxKHA C NOMOLIbIO | 
conia CooTBeTCTByIOWeh dbopmbl. CuctemMa HauuHaeT KonebaTEcaA 
mpH ‘“acToTe, paBHO CoOcTBeHHOM yacToTe crepxHa. Yacroru 
Mexny 800 u 2000 2u 6niau NOWy4eHbI B CBA8H C TapHpoBKot 
akceJepoMeTPoB. 

B oOulem, MO2KHO Cre AyIOULHM 06pa30M CyMMUpoBaTb AONOAHU- 
TeMbHBIC 34Me4aHHA, KOTOPbIe AOMKHEI ObITh MPHHATEI BO BHU- 
MaHHe. Han6Oonee xenaTeabuble YCOBEPUIEHCTBOBaHHA CBONATCA 
K CO3MaHHIO Oomee ru6xo# wu TOUHOM cucTeME yCTaHOBKH 4ac- 
TOTEI, aMINTYAb A ypoBHA. TlepBonayanbuble MOnesH, varo- 
TOBMCHHHEe 2a Aa6opaTOpHHIX were, Aaa UCHOab30RAHHA 
B NOACBEIX YCNOBHAX AeNaiOTCA B3pEIBOGe30NaCcHEIMH. Mockoubky 
HCCIECAYCMBLE CHCTEMEI ABTOMATHYECKOFO peryAMPOBaHHA ABAAIOTCA 
SAMKHYTHIMH, TO JA NOAYYCHHA H3MEPUTeAHEIX CHTHaTOR Npu- 
TOAHO AKIWb yCTpoKcTBO, cHaOxkeHHOe nHeBMaTuUecKHM pery- 
AH POBaHHeM YPOBHA (HAM 9eKTPHYeCKHM PeryaMpoBaH vem, ecru 
peryaAaTop 97ekTpHyeckuh), 

Kaxkyuleeca HecooTBeTcrBue MCKLY PesyibTaTaMu, ony6aH- 
KOBaHHEIMH PaHee O HEKOTOPBIX M3 STUX ycTpoficTs, H TaHHbIMH, 
IpCACTaBACHHLIMH B HaCcTomuleH cTatbe, oObaACHaeTCA TeM, 4TO 


B HacTomlleH cTaTbe MHOrMe CBeeHHA OLIH AONOMMUTe AHO 
yTOUHeHB. | 


Mexanuueckue ycrpoiictsa 


Cyulecrsyiot pa3aqvunuie MexaHHamE AA CO3QaHHA MeXaHH- 
WeCKHX KOneOaHHA. Ecaw spauenwe c nocToanuof CKOPOCTbIO 
[5] Hy2kHO mpeoOpasosaTb B aMHeftHHe rapMOHHYecKHe KOMe6a- 
HHA, TO MOXKHO HCNOAb3OBATb CAEAYIOWIME NATE XOPOIMO H3BECTHBIX 
M€XaHH3MOB: FHNnOWnKONAA, KPHBOWMNHO-WlaTYHHB MeXaHH3M, 
KYAHCHBA MeX@Hu3M, JMCK, HaCaxKeHHEIM non yIioM Ha OCb, 4 
KyAaiKOBhA MexaHusaM. TIpeo6pasopanne snHettiux Kome6anntt 
B KOeOanus Bana BLINOAHAeTCH OOHYHO C NOMOLIbIO 3yOuaTOH pefiku 
H wecTepHu. Onnako uacto KOHCTpykuua Gessy6uaTow petixu 
© KONCCOM WaeT MeHbLyIO OWMOKy. MpeoOpa3opanue spamenua 
© NOCTORHHOA yraoBoh ckopocTbio B rapMoRHueckue KONeOaHhg 


G2 Sex. 2366, 
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pada MOMKHO BbIMOJHUTb C MOMOLUIbIO YETLIPCXSBEHHOTO PbIVaKHOLO. 
MeX@HH3Ma, NOA3yHOB HW KPHBOLWMMOB MH HEKOTOPHIX Apyrx ycT- 
poficrs. 3yecb OyAYT ONMCaHbI TPH THMa MCX@HMYeCKHX PeHepaTo~ 
poB CHHyYCOM Ja JIbHbIx Kose6anuh. Tleppnid MpHMeHHeTCA NPH H3y- 
YeHHH CEPpBOMeXaHH3MOB, rie TpeOyeTCA MaaA MOLWHOCTb BEIXO]- 
HOTO CHrHasa; BTOpO UMeeT CPCAHIOIO MOLIHOCTb M KOHCTpyupyet- 
ca cefuac 19 HCNOAbSOBaHHA B HE@TAHOM NPOMbILUACHHOCTH, a Tpe- 
Tu HMeeT GOMbIIYyIO MOLUHOCTb H MpHMeHACTCHA MPH. MCCeLOBaHun 





Pur. 1. YctpotctBo, npeo6pasyiomyee Bpaienue C NO- 
CTOAHHOH CKOPOCTbIO B CHHYCOHAaIbHbIe YrOBbIe KO- 
Ne6aHua OCH. 


peryastopos ckopoctu H aABuraTeteh. Mx xapakTepHcTHKH NpH- 
Beleubl B TaOMUe NOX HOMepamu 22, 23 u 24 CoOTBeETCTBeHHO. 
TlonoJHuTeAbHbIe CBeeHHA CAeAyloulHe: | 
22. Cm. [6]. Sro ycrpofictso moKa3aHo Ha dur. 1. Ono 
‘COCTOHT H3 MpelM3HOHHOTO WapHkOBOrO NOAWMNHMKA C OOsb- 
WWMM OTBEPCTHeM, yKpeneHHOrO Ha OCH TaK, 4TO NMAOCKOCTb 
BHYTPeHHETO KOMbILa NOAWAMHUKA MOXKET HAKAOHATLCA OTHOCH- 
TebHO MOCKOCTH, HOPM@/IbHOM K OCH BXOJHOTO Bada, Bpaulaid- 
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ueroca C MOCTOAHHOM ckOpocTbio. Bpatlenve BxogHoro paaa 
BH3bIBacT KPyrOBOe BpallleHHe NOAWHNHHKA, NPONOpLnOHaAbHOe 
yray HaKOHa, NOAOOHO BpallleHHIO AHCKa, HacaxkKeHHOrO no” 
yr40M Ha Ocb. BuemtHee KOAbILO NOAWMNHMKA ynepxKuBaeTcA OT 
BpPallleHHA C NOMOLLbIO Wade, CBAsHIBaOUef ero c O6oHMOH 
wmapHipa Kaplana. OOofma wlapHupa Kapana noAMepxuBaertca 
ABYMA BbIXOJHKIMM OCAMH, MpOXOAAWMMH Yepes wWapHKoBLe 
ONOpH. | | , 

Takum O6pa30M, NpH BpauleHHH BXOAHOA ocH MIPOHCXOAAT 
KomeOaHHa BLIXORHOM OCH Ha HeKOTOpHIA yroa no oG6e CTOPOHBI 
OT CpeAHero MOAOKeHHA, PaBHHA yray HakAOHa NMnocKocTH 
KOMbILa NOAWAMHHKA K Baty. MMeiotca perynuposounad pyyKa 
M¢XaHH3M LAA yCTAHOBKHM aMIIMTyAb BO BpemaA paOoTH. 

OTOT reHepaTop MOKeT MpPHBOAMTECA B ABWKeHHeE JOOLM 
ABUTaTeeM MOCTOAHHOM CKOpOCTH (KpPyTAWHH MOMeHT oT 
0,0014—0,0057 xI'm), H éro BHIXO. MpucoemuHseTcA K. Mexa- 
HH3MaM, paCCUMTa@HHBIM Ha BXOA B BAe yrAOBHX KOoneOaHH 
ocu. J\nf nowy4eHHa BpaulleHHsA C MOCTOAHHOM CKOpOcTbIO YacTO 
HCNO/Ib3yeTCA OAHO@a3sHA HHAYKUMOHHHM 9eKTpOABUraTedrb 
C 9A€KTPOHHEIM peryastopom. Mexkay ‘aBuratejem uM reHepaTo- 
POM CHHYCOMMaNbHBIX KOAeGaHH MMeeTCA peayKTOp, m03B0- 
AStOWWMH MeCHATb YaCTOTy KONeOaHHA BEIXOZHOM cu. Tak, 
B pPacCMaTpHBaeMOM yCTpolicTBe uactoTa MmeHseTca oT 0,05 
no 1,0 uw ot 1 no 25 2y. BpIXOAHOHM curHad reHepaTopa nog- | 
BOAMTCH HEMOCPeACTBEHHO -K MCCTeAYeMOMY CepBOMeXaHUaMy. 
Ilo coo6ujeHuo OfHOrO H3 NOTpebuTereh, TpeTEA rapMOHHKa 
cocTaBaseT 0,25°/, npx 10° yraosoro cmemenna. 

23. STO ycTpotctBo paspa6oTaHo H2aaBHO, u K MOMeHTY 
HanvCaHHA O630pa O HEM HMeCJHCb OFpaHHueHHbie cBezeuna. 
YcTpofcTBO G6blI0 CKOHCTpyHpoBaHo, YTObHI NOAYYNTE ycnne 
B 1,36 xJ° np MaKCHMaJbHOM XOe NOpPWHA MH MaKCHMaabHOR 
uacTtoTe. BmpuOope mpenycmaTpuBaeTcA Take BO3MOKHOCTD 
NOAYYCHHA SACKTPHYECKOFO UMMYAbCa WHPHHOH B 2° yepes Kax- 
Able YETBEPTh MepHOda TapMOHHYeCKOFO ABHMOKeHHA. 

24, OToT mpu6op, n306paxennbit Ha cur. 2a, Onl cKOH- 
CTPyYMpoOBaH Aa ONpeNeNeHHA YaCTOTHEIX XapakTepucTuK pery- 
1aTOpa CKOPOCTH ABuraTenA, paOoTaloulero nox Harpy3Kon. 
Ha ur. 26 noka3aHa nNpwMHUMNMWanbHaa cxema ycTpofictsa. 
Mane KpWBOWMNa HaxO_MTCA Ha WTOKe Nopuna, KoTOppiit 
pH HYAcCBOM aMMHTyRe MpwoxKHMaeTCA NpyxXHHOH K  Heno- 
ABWKHOMY ynopy. ?KHAKOCTh MOA AaBAeHHeM mMOmaeTCA oT 


92° 
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480 Al. Cent-Kaap, JI. Spar, C. Fuaanecni 
rHQpOTpaHcMuccHH Tuna BukkKepc uvepe3 937eKTPOMarHUTHLItt 


Kana B WMIMHAp c mopumem. Tlog meficrsuem 3Toro AaBaeHHA , 
NOpweHb MepemelaeTCA 10 TeX NOp, MOKa He yMperca B CTonop 


i 
i 


NV Ae AE APY, 


CAA vanes 


Welittene tetton 





Pur.” 2a. O6muyit sug ycrpofictsa arta nomywenua Me- 
XaHHYeCCKHX KONeOaHHH 6OAbWIOH MOLHOCTH. 


MUKpoMeTpuueckoro BuTa. Tipu nepekmo4eHHH 91eKTPOMArHHT- 
HOrO KaanaHa NOPWeHb NOX AeMCTBMeM MpyXKUHb! BOSBpaulaeTca 
o6paTHO, 4YTO HEOOXOAMMO MPH 9XKCNAyaTauMn yCTaHOBKH., =}! 
| IpyxuHHoe ycTpoAcTBo mpeaycmoTpeno gaa Toro, YTOOH 
IpeLOXpaHuTbh eTaau ycTaHOBKH, ecaH Harpyska OyaeT mpeBnte 
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Wath pacueTHyio Harpys3ky B 45 KJ. BuixoaHofi crepxkeHb MOXKeT 
NOBOpayHBaTbcs Ha 360" nad GbIcTpoh ycTaHOBKH B HY2KHOM Nlov0- 
*KeHHH. Bce y3abl KOMMaKTHO pa3MeleHE Ha CBapHOm cTaHHHe. 

B NOACBEIX YCOBUAX STOT reHepaTOp HcNOmb3yeTcA B Co- 
CAHHEHHH C SallHCbIBalOWHM YCTPOHCTBOM, yCHANTeTAMH, reHepa- 
TOpaMH H T. J. H MepeBosuTcA B NOABMXKHOM UCHbITaTeAbHOe 


= Munpomempusecxuit 
cmonop 







Asuzament 
G pezyaupyemou 
CKOpOGMoIO © 

epauyexur 





N 


wYt 


N 






Tudpasauyeckan 













nepedaya, _ nepeday 
duanason 1:1 12:1 
15: 144:] Bpauymowanca 
epynia 





Npedoxpanumiencuoe 





477 
Jnexmpo- 
=~ npynunnoe 
MOU HOGMbHO 
0,5 A.¢. | Nodaxa B macaoc6opuun 
——_- —— 

Snekmpomacnumuoiit j Borxad 
KaAagnan Ag4 

we 


Pur. 26, Cxema ycrpoiicrsa, u306paxenHoro na (pur. 2a. 


1a0opaTopuu, pasMeuleHHot Ha rpy3osof aBromawmue. Ha mpn- 
GopHoA aocke aBTOMOOuna uMeeTCA BCe HeOOxonuMoe jAAA 
ypaBaeHHaA OCUMANOrpapupoBanvem, AIA Nycka UM OCTaHOBKH 
ABMraTeneH MpHBOa, MIA peryAMpoBaHUA “ACTOTH KoAebaHHA 
cBepx Auana3ona 15:1 w3MeHeHua cKOpocTH TpaHcMuccHu. 
Onepatop uMeeT TenepoHHyi0 cBa3b c ApyruM onepatopom, 
HaXOJAUMMCA HEMOCpeNCTBEHHO y TreHepaTopa, rae uMeeTca 
BTOpad Tpyila mpx6opow ynpasaenua. Usmenenne peanuunn 
aMIVINTY Db HH NepeKMoueHHe KOPOOKH Nepenay 1OKHO npons- 
BOAUTBCA MPH BEIKUO“eHHOM OOOpyOBaHHH. ' 
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INEKTPHYeCKHe YCTpOHCcTBAa 


OMeKTPHYECKHe TeHepaTOPbl MO2KHO PasMeJUTb Ha Ba OCHOB- 
HbIX THMa: Ha reHepaTOPbl, HCNOAb3YIOWMe LONOAHUTeAbHbIC Mexa- 
HH3MbI, H Ha TeHepaTOPbl, KOTOPHIe TaKOBHIX He HCMOVIb3yi0T. 
Ilocnegquwe OObINHO OTHOCHTCA K paspaAAy 3BYKOBLIX reHepaTo- = 
pOB HW H3 OMMCaHHbIX B 3TOM OO630pe reHepaTOpoB KOMebaHHi 
TOJbKO reHepaTOPb! STOFO THMA BEITYCKaIOTCA MPOMBILICHHOCTbIO 
B KayecTBe CTaHapTHOrTO O6oOpynoBaHua. 











Pur. 3. [pa mpumepa MOMYYCHHA QICKTPHYCCKHX CHHYCONH MAA bHbIX 
Kome6aHHuH. 


JIO6OM U3 BILCONMCaHHIX METOAOB NOJyYeHHA MeXaHHYeCKHX 
CHHYCOMMANbHEIX KOJeOaHHH MO2%KHO HCNO/b30BaTb, YTOOLI MpHu- 
BeCTH B JeHCTBUe NOTeHUMOMeETp HAM Apyroe 9AeKTPHYeCKOe 
ycTpofictso. Onnako HawsAy4UIMM 9/1eKTPOMeXaHH4eCKHM CIOCO- 
OOM NOdyyeHHa KOJeGaHHA HU3KOH YaCTOTHI ABAReETCH cmocos, 
MpH KOTOPOM JBa 97eKTpOa HIM CKOJb3ALMX KOHTAKTa Bpa- 
WaIOTCA B COCYe C XHAKOCTHIO, HMCIOULEM MIOCKONAapaseAbHbIe 
SKBHNOTCHLMAJIbHbIe MOBEPXHOCTH, HJM MO NpoBosAWMeh MoBepx-. 
HOCTH, COJepxKalleH MpAMble HW NapaJeAbHble SKBUNMOTCHUHAJIbHbIe 
auHuu. Ha dur. 3 noka3anpl Takne ycTpofictBa. Ux Bo3MOoKHOCTH 
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rr 


AMUMUTMPY!OTCA HECOBEPUICHCTBOM 9KBUMOTCHWMAIbHEIX MAOCKO- 
cTef HAW MpsAMBIX. 

Jipyrum 9IeKTPpOMeXaHH4eCKHM YCTPOHCTBOM AA NOy4eHHA 
KoNe6aHHH CHHYCOMAaAbHOK HAM NPOHSBOAbHOM OpMbl ABAAeTCA 
npodusupoBaHH noTeHuMomeTp. M3 u301AWMOHHOTO MaTepHana 
BLIpesaeTCAH MAaCTHHKa *KenaeMOM GopMbl, Kak MOKa3aHO Ha 
bur. 4, a, KoTOpaa OGMaTEIBAeTCA MPOBOAOKOM C OOAbUIMM CO- 
NpOTUBeHHeM H crHuOaeTcA 3aTeM NO OKpy2%KHOCTH, OOpasya 





Pur. 4. MpoduauposaHHbit NOTeHWHOMeTP. 


MQFeHUHOMeTp Bua, NMOoKasaHHoro Ha dur. 4, 6. Tipu ppame- 
HHH OCH MOABHXKHOTO KOHTAKTa Ha BbIXOMe MOTeHIMOMETPAa NO- 
qyuaeTca 3eKTpuuecKHH cCHrHat, dopMa KoTOporoO NOBTOpAeT 
(PopMy MwacTHHBE. 

Bce ynomaHyTble 9leKTpOMeXaHH4ecKue FeHepaTopb KoOeba- 
HHA HMeIOT CTAOHWJIbHEIM BELIXOMHOH CHrHad, He 3aBHCALIMA OT 
yacToTH. ML ecaH B CXeMe HeT Me€XAaHHYeCKHX HAM 9/eKTpHe- 
CKHX pPpeaKTHBHbIX 91CMeCHTOB, TO MepeXOAHble OWMOKH OTCYT- 
cTsyioT. OfHako MX MaKCHMaJbHad YacTOTa OrpaHHueHa JuHa- 
MHYCCKHMH CBOMCTBaMH CXeMbI. EcaH xe MpHMeHAIOTCA reHepH- 
py!Olulue SJIeMeHTEI C MpOBOOUHOK OOMOTKOM, TO HeOOxOAHMO 
BBOLHTb 9SeKTpHYeCKHe MuAbTpHI, YTOO! CraadWTb CKa4KH, 
NOABAAIOWIHECA B BEIXOLHOM HallpsKeHHH. 

ipyrum THwNoM 9/eKTpHyecKorO TeHepaTopa CHHYCOHaJb- 
HEIX KOJeO6aHHA ABAAeTCA 3ByKOBOH reHepaTop. Bsa co3daHbl 
COTHH pda3M4HHIX THNOB 3ByKOBLIX TreHepaTopoB. HekoTopnie 
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renepaTOpbl SACKTPMYeCKOTO THMa ynpaBasioTca TEPMHYECKH; 
HMCIOTCH HM TaKHe, B KOTOPBIX MCNOAb3yOTCA XapaKTepucruKu 
POTAUMOHHBIX S/JIEKTPHYeCKUX MalNHH, TAKHX, KaK MalMHHne ycu- 
AWTeM. OHAKO B HacTOAuee BpeMa Hau6OaAbUIee pacnpoctTpane- 
HH NOJYYMAM JaMMOBble reHepaTopbl H reHepaToppi CTaHJapTHBIx 
ee KOTOPLIM M OyeT MOCBAUeHa OCTanbHaa act 


Jlamnosbie reHeparophi 


OAHHM M3 paHHMXx BHAOB «AaMNoBoro reHepatopa Hu3Kott 
WaCTOTb! ABANeTCA reHepaTop c asoBbim caBurom. Ero cxema 
moKa3saHa Ha dur. 5. B cxeme BosHuKalWT KONeGaHna mp ua- 
cTOTe, AA KOTOPOH CABHr tasbl B KoHType RC papen 180°, 


B+ 





Bysxod 


Pur. 5. Ympoujenuan cxema renepatopa. 


W ycTavaBiuBaeTca Takad aMMauTy2a KomeGaHu, npH KOTOpo 
YCuACHHe AaMMbl TOYHO KOMMeHCUpyeT noTepH B KOHType. Ya- 
CTOTY MOXKHO M€HATb, M3MCHAA CONPOTHBACHMA HAM eMKOCTH, 
WH TO WM Apyroe. 

[lepBonayaabHo npexycmatpusaancy HeEKOTOpble py4ubie cno- 
coObl peryaupoBaHua ycuaenna, u OObIYHO TPeOoBaach HacTpoOlika 
YCHJI€HHA MPH KaxKMOM H3MeHCHHUM 4UaCTOTHI. 

Sa Mocseanme HeCKOMbKO saeT B AuTepaType MosBHANCb 
CXEMBI HUSKOYACTOTHDIX PeHepaTOPOB, UMCIWOLUMX ABTOMATHYeCKOe 
PeryAHPOBanke ypoBHA. O6viuHO MocTOAHHaA BpeMeHU CuCTeMbI 
ABTOMATHNECKOrO PeryAMPOBaHHA YPOBHA AOWKHA OLITh 3Ha4qH- 


432—O 
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TeMbHO Ooubue MepHota KomeOaHHh. Tenepatopp c yacToToht 
1 24 H BbIWe, MCMOb3ylolwMe TaKylO CHCTeMY, ABAAIOTCA BNOAHE 
NpakTH4HEIMH. OHako B reHepaTopax, MpeAHasHaveHHBIX AA 
HCNO/Jb30BaHHA B QManasoHe HuxKe | 24, GoOmbUIOe BpeMaA CTa- 
OWH34UHH AMNAHTYAbI ABAANOCh HEMOCTaTKOM, HM MO9TOMy, 
npexkle eM HCMOAb3OBaTb Tako reHepaTop, HeEOOxOAMMO 6510 
ajbHefee yCOBepUIeHCTBOBaHHe pery/MPOBaHHA aMMAMTY Ab. 







Aguoaniiegabnelg 
YCUAUHIRAD 
CG NEPeMENHOIM 
YCOUACHUEGM 


®ur. 6. Cxema reHepatopa cHHyCcOHqabHbIX KOMeOaHHH Cc peryaupo- 
BaHHeM aMIMUTY Ab CHrHaaa. 


BbinyuweHHbid HeaBHO MPOMBIWIAeHHOCTbIO SeCKTPOHHbH 
HH3KOUACTOTHBIA TeHepaTOp COMePpxXUT ycTpokicTBo cTaOun3a- 
UHH YpOBHA, KOTOPOe CHeman0 ero yROOHHIM B paboTe H CNO- | 
cOOCTBOBa0 ero WIHpOKOMy pacmpocTpaHeHHiO B kKa4ecTBe 
reHepaTopa CHrHatOB HH3KOM 4aCTOTHI. 

CuctemMa aBTOMaTHYeCKOrO peryMpOBaHHA YpOBHA ycTpoena 
TaK, 4YTO ee NOCTOAHHAA BPeMeHH Mp reHepHpOBaHHH CHTHAJIOB 
HOMHH@/IbHOrO YpOBHA O4eHb OObWad. Koraa xe aMMaMTyaa 
reHepHpyeMOro CHrHata OTKAOHAeETCA OT 3a40aHHOTO 3HayeHHA, 
MOCTOAHHAA BPeMeHH CHCTeMbI CTaHOBHTCA Maoh. OTO aeT 
BOSMOXKHOCTh FreHepaTOpy ObICTPO NOAaBHTb MepeXOZHEIM mpo- 
wecc, -KOTOPLIM BO3HHKaeT Np NepeksMOueHHH HM HaCTpOlike. 

Ha dur. 6 noka3saHo BUAON3MeHeHHe Cxemb (pur. 5, comep- 
*Kaulee YCTPOHCTBO peryMpOBaHHA aMNAMTYAB 9TOrO TMA. 
Uepes BbICOKOOMHbIM AMONHDIA BeTeKTOp D,, conpoTuBsenve R, 
MH KOHJeHcaTop C, mpotTekaeT NocTosHHph tox. Hanpsarkenue 
Ha CONpoTHBaAeHHH R,, OOycAOBeHHOe 9THM TOKOM, MOMaeTcA 
Ha ONOAWHTeAbHBIM yCHAHTeb, yCHAeHHe KOTOPOrO 34aBHCHT 
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hea 


OT BEAHUMHEI STOO HanpsxKeHuA. JLonomMuTenbubtt YCHJUTeJIb 
ABIACTCA WHPOKOMOJOCHLIM H BKJIOUeH B WeNb OTPHUaTebHOH 
oOpaTHOh cBA3H reHepaTOpHore Kackada. 

_  Ecau amnantyaa renepapyemoro curnasa yYBeAMYMBAeTCcA, 
TO BOSpOCUIce HanpaKeHMe Ha COnpoTuBAecHHH .R, yMeHbulaeT 
KOIPPHUMEHT YCHJICHHA RONOAHMTeEAbHOrO yCuJHTelA, 4TO Npu- 
BOAT K YMCHbIWCHHIO aMIVIMTYObt reHdephpyemoro curHasa 20 
HOMHHaJIbHOrO 3Hayenna. Jinon D, Mp HOMHHaAbHOM 3Ha4yeHunH. 
curHaa 3amepT. TIpu yseanyenuu ammautyan curnaua yepe3 





Fenepamop xuaebanud 
INpeYZOALHOL (poperor 
C uUsMCHMOULUMCS 

nepugdam 














Borxod => 






Pur. 7. Bapwant cxemur renepatopa CHHYCONAANbHbIX KONeOaHHH. 


avon D, TakwKe TeYyeT NOCTOSHHbIA TOK, KOTOpbIM co3qaeT Ha- 
NPWKEHHe Ha CONPOTHBAeCHHH Ry HW KOHJeHCaTOpe C, (uMeIOULHX 
MaTyi0 MOCTOAMHHY10 BpeMeHH) H ObICTpO yMeHbUIaeT aMNAKTY Ly 
CHrHa/la. OueBuHO, YTO MOMKHO HCMOAb30BaTb TaKylO Ke CXemy ‘ 
AAA CTAOMAM3aUMM AMNANTY ABI HB Cay4ae ee yMeHbutenna. Jina 
| *yAyuuienwa KauecTBa paOorbl caelyeT BBecTH AONOAHUTEABHO 
Heb, HMOPd0ulaiouly!io M30bITOK 9Heprun B cxeme. Ha dur. 6 
STH Weld He NOKasaHbl. PaccmMoTpeHHbI THM reHepaTopa gaeT 
Ha” BbIXONe CHHYCOMaNbHble KOeOaHHA BeCbMa | IpaBHJbHOH 
(oOpMbI. 
pyro Tun HusKoyacTotHoro reHepaTopa cHayana reHepu- 
PyeT BOMHY TpeyrombHOH opmbl, KOTOpad 3aTeM NpH NoOMOLLM 
HeJMHeHHOH ken =©mpeBpataetca B CHHYCOMMaJbHyIO BOVJIHY. - 
Ha dur. 7 nokasana 37a cuctema. lenepaTopom tpeyrombuot 
BOJIHbI MOXKET ObITh OOOH H3 XOPOIIO H3BeECTHLIX reHepaTopos 
STOrO Tuna. HanOosee wnpoko mpHMeHseMbIM YCTpOficTBOM 9B- 
AAeTCA TeHepaTop (Tpurep) npsAmMoyrosmbHOH BOMHDI Cc nocaedyto- 
HMM HHTerpHpOBaHHem ee C MOMOUWbIO KOHTypa RC. Heaunettuag 
Welb Id MpeoOpasosanua TpeyrowbHOH BOHEI B CHHYCOH ab - 
Hyl0, M300paxeHHad Ha dbur. 7, cocTouT u3 «MHetiHEIX conpo- 
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THBCHHA HM TepMUCTOPOB (HeAHHeHMHEIX CONMpOTHBAeHHA). Conpo- 
ruBienHe R, u Tepmuctop V,, HanpHMep, MpeaHasHayeHbl AAA 
gaKpyrIeHHA MUKA TPeyroO/JbHOM BOAHBI, TOP 1a Kak COMPOTHBACHHA 
u Tepmuctops! R,, R,, Vo, R3, Ry u Vz B CoueTaHuH C CooT- 
BeETCTBYIOULMM CMelileHHeM (C MOMOLIbIO GaTape B, u B,) xapak- 
TePMCTHK MOXKHO NMOROOpaTb Tak, TOO! Popma BOAHEI Oblaa 
BO3MOKHO OMKe K CHHYCOMMAIbHOK. | 

IIpeumyuecTBO 9TOH CHCTeMbI COCTOHT B TOM, 4TO aMItJH- 
TyHa OCTaeTCA NOCTOAHHOM BO BpeMA NepekKMIONeCHHA HM HACTPOMKH. 
CyulecTBeHHbIM HeJOCTaTKOM ABAAeTCA HaMUHe BbICWUHX TapMO- 
HHK B BHIXOJZHOM CHrHaye, YTO MHOra HexKelaTelbHO. 

3necb ObMIM PacCCMOTPeHH AMUIb YMPOWeHHble CXeMbI reHe- 
paTOpoB C TeM, YTOOb] MPOCTO NOACHHTb HX NPHHUMN paoorTHl. 

25. IIpu6op aaa noctpoeHusa, MarpamMM Hafiksucta pa3pa- 
6oTaH dupmoi ,Plessey International Ltd‘. Oror npu6op asTo- 
MaTHYUeCKH mpoOeraeT BeCb AMama3OH YaCTOT, H pe3yJAbTAaTHI 
CTPOATCA B MOAAPHEIX KOOPAMHaTaX. 

26. MaccauycetcKu TexHomoru4uecKHA MHCTHTYT UMeeT TPH 
reHepaTopa. B nopraTHBHOM mpHOope ynpaBreHua apTHlepuh- 
ckuM OrHemM THNa M-8 HY3KO4aCTOTHbI€ CHHYCOWJaIbHbIC 
KONe6aHUS CHHMAIOTCA C MOTeCHUMOMeTPAa, MPHBOAMMOrO BO Bpa- 
UleHHe JBHraTeseM, CKOPOCTbh KOTOPOrO MOMKHO H3MeHATd. [loTeH- 
WLMOMETP MOXKHO NUTATb AH6O MNOCTOAHHHIM TOKOM, YTOObI MOWy4aTb 
CHHYCOMMaIbHbIC HH3KOYACTOTHBIe KOeOaHuA, WHO0 NepeMeHHbIM 
TOKOM, YTOGL! NOAYYHTb MOYHpPOBaHHy!0 Hecylllylo YacToTy. 
Tenepatops! curnanop Tuna D-1 u D-2 renepupywT koue- 
6aHHA BLICOKOM YaCTOThI, MOAYAHPOBaHHble HU3KOH YacTOTON Bpa- 
ULCHHA AKOPA CHHXPOHHOTO ABHTaTejA B MePeMeHHOM NOQ/le. 

Komnanuu ,Hewlett Packard“, ,Krohn-Hite Instrument‘ 
H , Southwestern Industrial Electronics‘ saBanioTcA TpeMA OCHOB- 
HLIMH H3FOTOBHTeCAAMH 9/IEKTPOHHEIX TreHepatopos. TTpeqea Hu3- 
KOM “aCTOTbI BBITyCKA@eMbIX mpHoORoE COCTaBAAeT MpPHMepHO 
0,01 24. 

Penepatop, noKa3aHHbih Ha pur. 3: 6, MpvMeHssICA B TeEYeHHE 
BTOpOM MHpOBOM BoKHEI cbupMoA ,Bell Telephone“. O npume- 
HeHHH ero B HACTOAIWee BPeMA cpenennt He HMeeTCA. 

TlorenumometTp, mokasaHHbih Ha dur. 4, WIMpOKO HCMOJb- 
eyeTca MHorumu cbupmamu (,Technology Instrument Corpora- 
tion*, ,Gamewell Company‘, ,Fairchild Camera and Instrument 
Corporation* u ap.). 
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488 A. Cext-Kaap, JI. Spar, C. Tuanecnu 


Sakn104eHHe 


Vimewtca pasauuHble BUABl reHepaTOpoB CHHYCOMaAbHBIX 
KoneOaHu. XOTA OJHH Oosee CoBepueHHEI, 4eM Apyrue, oue- 
BULHO, UTO He MOKET ObITb ONHOFO Hanyulero Tuna npu- 
6opa, KOTOpbIh yOBeTBOpAN Obl BCeM MHOroUNCcAeHHLIM 
TpeOoBaHuaM. | 

ALonoaHuTeAbHbIe ~CBeqeHHA O OOmbUIMHCTBe nmepeyHceHHEIX 
reHepaTOPpOB MOXKHO NOMYYHTh OT Opranusalui, KOTOpEIe ux 


HCNOAb3yloT*), 34 HCKMOUeHHeM CBeneHU O reHepaTopax mou 
HOMepamH 3, 4,5, 20 n 21, koTopbie sacekpeuennt. 
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2. Aikman A. R., ,A Portable Instrument for Process Control Analy- 
sis*, Instrument Practice, Ne 5, 393 (1951). 
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E. C., ,An Automatic Transfer Function Measuring and Recording 
System", Proceedings of the AIEE Conference on Recording and 
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o0. White C. F,, ,Signal Generators for Servo System Measurements®, 
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8. Pearson E. B, Lingwood G.F., ,A Technique for Rapid 
Determination of the Harmonic Response Characteristics of a Po- 
sition Control Servo Mechanism*, Jnstrument Practice, Ne 3, 
340 (1953). 


{) Nepewenb opranusayuit NpH Mepesogze onyuen. — TIpum. peo. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


COAEPKAHHE 


TIpemucHOBHe .. 2 ee ee ee eee ee ee we 
BceTyMHTCAbHAA CTATHA. . . ee ee ee ee ee 11 
I, O6u,aa TeopHsA 


1.P. Oaspgen6yprep. W306paxennve wacToOTHbIX 
XapakTepHCTHK, CTaHJapTsl WM pacueTHble KpHuTepuy. 
(ITepesod A. M. Ezoposa) .... 1. 2 ee eevee 21 

2.M. Kep6u, 0. Bomapb ax. Otnocuteabuaa yctoit- 
YMBOCTb 3aMKHYTHIX cucTem. (/Zepesod A. M. Ezoposa | 
uA. A. Bpaduc) . . 1 1 we ee ee ee ee ee 63 

3. VW. Wy. Caa3b M@KAY YaCTOTHDIMH XapaKTePHCTHKaMH 
H M€PeXOAHbIM MpOUeccOM CHCTeEMbI aBTOMATHYECKOrO 
perynuposanna c o6patHo cBa3bio. (/lepesod 
AM. -B20poea) - , 2 eh es a RS 117 

4. IIx. Bbe pHcou. Onpegenrenue Mepexogubix Mmpolec- 

COB MO 4YaCTOTHBIM XapaKTepHCTHKaM pa3OMKHYTOH Cu- 
ctemyl. ([Tepesod A. M. Ezoposa) ..... “las wea ese ‘141 


II. I[pHMeneHHe YaCTOTHbIX MeTOJOB K pacueTy ‘HeAHHeAHBIX 
cCHCTeM 
5. JI. puny. O606ujenHnH MeTOR OMpezeNeHHA WaCTOT- 
HLIX XApaKTePHCTHK 3aMKHYTHX HeAMHeHHHX CHCTeM. 
(ITepesod A. M. Ezoposa). . 2 2 1 ee ee ee es 197 
6. E. Jliepuucou. HekotTopsie ABAeCHHA HaCHIueHHA 
B CeIAU[uX CHCTeMaxX C TaxOMeTPH¥eCKOH OOpaTHOH 
caa3bio. ([Tepesod A. M. Ezoposa). .... ++ + +> 27 
7.7. Yectuat. lpw6auxenupit yacToTHi MeTOA 
MpeactaBAeHHA HaCHeHHA H 3OHH He4YBCTBUTCAb- 
noctu. ([Jepesod A. M. Ezoposa).. . - .- + ee ee. 244 
Il]. [WpumeHenue 4acToTHbIx MeTOJOB K pacdeTy ClelHadb~ 
HbIX CHCTeM 
8. B. K. Jiunsuaa, P.B. Cuttaep. Ilpumenenne yac- 
TOTHKIX METONOB K pacueTy HMMyAbCHBIX cucTeM. (/Tepe- 
t Ad 600 A. M. Bamnosa). . ee ee ees reo ee OW 


chee ae la 
So a seat tt press 


—~ 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


——— -——me te 





Sanitized Copy Approved for Release 2010/06/16 - CIA- RDP80T00246A045100330001 -4 


.490 "  Codeprcanue 


9, B. K. JInuspuaa, Dm. M. Saabuep. Ananu3 cuctem 
ABTOMATHYCCKOrO peryANpOBaHuA, cotepxayux ud po- 
BbIe BHINMCAMTCIbHbIe MaLIMHbI. (/7epesod IO. IT. Jleo- 
HLOOG ie oe Toe ode ee Peas, 1s, de cae Gel ase Te ee aoe 311 
10. Ix. M. Saabuyep. UYacrotusi anaau3 Lup poBEIx 
BHIYHCAUTEbHBIX M@IUHH, PaOOTaIOUHX B PeaJbHOM Bpe- 
menu. (/Tlepesod A. M. bamxoea) Sere eee? 329 © 
11. B. Offa. Mpumenenue uacrotuix metozos NAA aHau3a 
mpowecca peryiHpoOBaHHA TypOuH B 3HeprocucTeme 
Ulpenun. ([lepesod E. ©. Vasanosa). ........ 358 
12.4. JI. Cukopa. lMpumenexne uactotuoro mertona | 
K aHatH3y YCTOMYHBOCTH CamMOomeTa c aBTOMHOTOM, 


({Tepesoo 10. IT. JTeonoea)... 2... 2... 378 
IV. OKCNePpHMeHTaNbHble MeTO BI onpegenenua WaCTOTHbIX 
xXapakTepHCTHK 


13.0. CmMut, B. Tpunaett, Skcnepumentanpnpie me- 
TOMI ONPeACeHHA YACTOTHBIX XApaKTePHCTHK CaMOueTta 


B nonete. (/lepesod H. B. Cosmunoli) .... 413 
14. M. MaTb103. Metoa oueHKu HeanHelinprx CAC AAULHX 
| cuctem. (/lepesod B. A. KapaOauosa) ........ 441 


15. . Cent-Kagp, J. Spat, C. Tuanecnnu. lene- 
paTopbl CHHYCOMAaAbHbIX KONeOaHHit. (O630p nHeBMaTH- 
YeCKHX, MCXAHHYCCKHX HW SACKTPHYeCKUX yCTpolicTB AAA 
MQNy4eHHA = =YaCTOTHBIX XapaktepucTux.)  ([Tepesod 
A; WV ECONOBR). So. oe ie wens: Bo ste a pare ede Be ks 473 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Pn ihn sh, 
sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


4 


YACTOTHHE METOH 
B ABTOMATHKE 
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t 
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YIM Jlexcosuapxosza. 
JlenHarpagz, H3smaitnosckui np., 29. 
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®. A. CTYMEJIb 


JIERTPOMEX AHH YECKHE 
PEJIE 


| OCHOBH. TEOPHH, 
IPOEKTHPOBAHHA H PACUETA 


VYYEBHOE TIOCOBHE 


H3iaune Bropoe’ 


H3AATEJIBCTBO 
XAPbKOBCKOrO OPJIEHA TPYJOBOrO KPACHOrFO 3HAMEHH 
TOCYTMAPCTBEHHOrO YHHBEPCHTETA 
um. A. M. TOPbKOrO 
XapbKosB 1956 
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B KHHre H3araloTCA OCHOBbI TCEOPHH H HHKeHep- 
HbI€é MeTOMb! pacueTa H MpOeKTHPOBaHHA dJ/eKTPO- 
MeCX@HHYeCKHX pevie H MeXAaHH3MOB pa3HbiX MPHHUATOB 
ehicTisuA: WICKTPOM@FHHTHbIX, MHAYKUHOHHbIX, Mar- 
HHTOSJIEKTPHYeCKHX H APyrhx. PaccmoTpeudbl BONpocnl 
pacueTa OTA@JIbHbIX Y3JIOB peJie: KaTylleK, KOHTAKT- 
HbIX CHCTeM, MpyKHH H OMOp. 

Kuura coctaBjena B BHgze yseOuoro moco6ua AAA 
HW3V4eHHA TeOpHH peste, a TakKxKe ANA KypcoBoro H 
QHMJIOMHOFO MpOeKTHPOBaHHA CTYAEHTOB d/1eKTPOTeX- 
HHYeECKUX CeuHalbHOcTeH. Kuura moxkeT ObITb N0- 
le3HOH WHXKCHEPHO-TeXHHYeCKHM paOOTHHKaM B HX 
ipakTHueckoH paOoTte No NpoeKTHPOBaHHW H TPHMes 
HEHHIO 2JIEKTPHYeCKHX pesie H MeXaHH3MOB. 


OrsetcTsenHbii pegaxtop npop. H. JI. Bapg 
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IIPEAMCJIOBHE 


OJIEKTPOMeXaHHYeCKHe Pete ABIAIOTCH OMHHM H3 HaHGosee pac- 
MNPOCTPaHeHHbIX SJIEMCHTOB YCTPOHCTB aBTOMaTHKH H TeNeMeXaHHKH. 
Metogpl pacueta peste Oa3upyloTcs Ha TeopHu (beppOMarHeTH3ma, Teo- 
PHH SJ€KTPOMAFHHTHOrO NOMA MH Ha TEOPHH SJeKTPOMArHHTHBIX Lene. 

CopeTcKHMH (v3HKaMH H MeTavlOBeqamu — B. K. Apkaybespim, 
H.C. Axysoppim, A. C. 3afmosckum, B. C. MecpkuHbim u ApyrumMa— 
pelweH PAA COMKHbIX 3afa4q NO TeOopHH PeppomMarueTH3Ma, BbIACHEHHIO 
CTpyKTypbl H CBOHCTB 9/IeKTpOTeXHHYeCKHX cnaBoB. B pesysptate 
HX paOoT MOJIyYeHb! H OCBOCHBI HOBbIe BHIbI SJIEKTPOMAaTepHasoB, NpH- 
MeCHAeCMbIX B SJIEKTPHYCCKHX UWeNAX CO CTAaJbIO. 

Bonpocsl 3vleKTPOAHHAMHKH OCBeLIeHE B pa6otax H. WU. @Mpenr- 
Kena WH. E. Tamma. Pa6otnt B. HW. Kopanenkosa — «Teopua 9JIEKTPO- 
MarHHTHbIX Lene» H «OcHOBbI TeOpHH MaPrHUTHbIX UeNeli», yzocToeH- 
Hble CTrasiMHCKOH MpeMHMH, JaloT BOSMOKHOCTb NOCTPOeCHHA MeTOJUKH 
pacueTa CJIOMKHbIX MaPHHTHbIX CHCTeM. 

Bonpocbl TeopHv 3/IeKTPOM@PHHTHBIX CHCTeM OCBeLIeHEI B paOotax 
A. A. Byfinosa, B. C. Cotckopa, H. A. JIadbumua. TeopuHa HHAYK- 
UHOHHBIX CHCTEM WH pee ocBellleHa B paOotax A. M. Bpeccuepa, 
b. K. Byas, JI. A. Penp6yxa. Mpaxtuyeckue Bonpocn pacueta KojO- 
BbIX H TeNePOHHBIX pete JaHbl B pa6otax M. H. Burteu6epra. 

B Hactosmei KHHre AaBTOP CTpeMHVICA K OO6OOWLeHHIO MHOrOUHCAeH- 
HbIX paOoT NO BONpocaM TeOopHH HW MeTOJOB pacueta 9JIEKTpH4eCKHX 
pee H MexaHH3MoB. Oco6oe BHHMaHHe yfemeHO BoNpocam MIPOCKTH- 
POBaHHA 9THX yCTpONcTB. | 

B paOote NpHHATHI TakHe (bopMysE u COOTHOLMICHHA, KOTODbIe 
HaiOT BO3MOMHOCTh aHaIH3HPOBaTb MPH MpOeKTHPOBaHHH BIMAHHe 
OTCIbHbIX MapaMeTpoB Ha paOoTy pese; STO NO3BOAeT NPOBOAHTE 
CHCTEMATH3allHI0 PaCYeETHbIX MAaTePHaJIOB MH HaKOMeHHe QaHHbIx [it 
NOJIYYCHHA ONTHMAJIbHOrTO PeWIeHHA MOCTaBJIeEHHHIX 3anay. B KHHre 
TIpHBeweH PAA MPHMepoB pacueta MH NpakTMYeCKHX JaHHbIX H3 OMbITa 
HallieH MPOMbILLJIeHHOCTH. 

Kuura cocraBieHa B KayecTBe yueGuoro noco6ua ana CTY C@HTOB 
SJIEKTPOTEXHHYECKHX CMEWHAJIbHOCTeH; aBTOP HafleeTCH, YTO OHA by- 
AeT NONesHOH HM [WIA HHKCHEPHO-TeXHHYeCCKHX PaOOTHHKOB B HX Mpak- 
THYECKON paGoTe No CO3,aHHIO HOBbIX, Gosee COBepleHHBIX KOHCTPykK- 
UHH 9IeKTPHYeECKHX pesie H MeXaHH3MoB. 

ABTOp BhIpaxkaeT riyOOK yo NpH3HaTe/IbHOCTb mpodeccopy B. ®. Ba- 
ulypa, Mouentam A. I]. Cykayesy u H. A. KajlyXHUKOBYy, JaBLUHM 
PA WeHHBIX yKa3aHHH MpH pelleH3HPpOBaHHH HacToaero moco6ua. 





}* 
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MEPEYEHb OBO3HAYEHHH 


I, JDaenmpureckar wend 


U — nanpaxenne — efcTByiorlee 
3HaYeHHe ; 
Um — HallpaxkenHe — MakCHMabHoe 
3HayeHHe; 
u —- HallpsKeHHe — MIHOBeHHOE 
3HAYeHHE ; 
E—». . c.— aekctTByiomee 3Ha- 
YCHHE ; 
€é— 3. I. C,—-MIHOBeHHOe 3Haue- 
Hue; 
/] — ToK — AelcTBylomee 3HaYeHHe; 
Im— TOK ~——- MaKCHMaJIbHOe = 8Haye- 
HHE ; 
i — TOK — MrHOBeHHOe 3HayeHHe; 


R, r—cCONpoTHBIeHnHe AaKTHBHOE; 
X,X — CONPOTHBeHHe peakTHBHOe; 


Z — CONpOTHBIeHHe MoHOe; 
P — MOIMLHOCTh aKTHBHad; 
Pz —notTepH Ha rHcTepesHc; 
Ps —noTepH Ha BHXpeBble TOKH; 
Py; — CyMMapHble NoTepH Ha rucTepe- 
34C H BHXpeBbie TOKH. 
Q— MOLLHOCTb peaKTHBHaH; 
t—-ppema; 7 —nepvox; f — uactTo- 
Ta; 
® — yrloBas 
yeCKad ; 
p — YAebHOe CONpOTHBJIeHHe; 


{ — YAenbHaA MpOBOAHMOCTH, 
wW— 4HCIO BHTKOB. 


CKOPOCTb, 2JICKTPH- 


2. Maznumnaan ueno 


@ — MarHuTHbI NOTOK—MaKCHMaJIb- 
Hoe 3HaveHHe; 
@; — MarHHTHbIN MOTOK — MrHOBeH- 
Hoe 3HaueHHe; 
B— mMarHuTHand HHAYKUMA — MaKCH- 
MaJIbHOe 3Ha4YeHHe; 
B; — MarHuTHad HHDZYKUHA — MrHO- 
BeHHOe 3HaUeCHHE; 
B, — ocTaTouHas MarHHTHaA WHAYK- 
HBA; | 
yi. — MarHHTHas IIpOHHWaeMOcTD,; 
sane ~~ MaPHHTHaA MpOHHWaeMOCTb — 
MaKCHM@JIlbHOe 3Ha4eHHe; 
., —MarHHTHaA MpOHHaeMocTh — 
HayaibHOe 3HayeHHe; 


Up —- MArHATHAaA MpOHHWaemMocTb — 
oOpaTumaa,. 


U9 —— MarHHTH@A MpOHHaeMOCTb 
BaKyYMQ; 
R —— MarHHTHOe CONPOTHBJIeRHe, 
G — MarHHTHas MpOBOAHMOCTD; 
g—yienbHas MarHUTHaA MpOBOdHe 
MOCTb ; 
I, — HHAYKTHBHOCTD; 
M — WHAyKTHBHOCTb, B3aHMHaA; 
o — KO IPPHUHeEHT paccesHHA; 
H — Hanps.KeHHOCTbh MarHuTHOrO 
Nowa; 
H, — Ko>puHTHBHAaA CHa; 
F — yaMaruHyunBaloulan CHa; 
W — MarnHTHad 2HeprHAa. 


3. Mexanuueckue u Gusuneckue seaurunol 


W — sneprua; 
A — pa6ota; 
Q — cHuiIa—~ CpefHee 3HayeHHe, 
Q, — cHJla —~ MrHOBeHHOe 3HaYeHHe; 


M — MOMeHT BpallleHHaA — cpeqHee 
3HadeHHe; 
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M; — MOMeHT BpailleHHa — MTHOBeHHOe 


SHa4eHHe; 
j — MOMeHT HMHeptHH, 


U—-CKOPOCTb; w — yrvlOBaa CKO- 
pocTb; 


R, r— paguyc; 
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D, d — Auametp; 3 — 3a30p; 
 — CKOpOCcTb BpalleHusa (4uCs0 O60- A —tTonmHHa AucKa, Gapabana; 
POTOB B MHHyTy); ¢ — HanpsKeHHe HOPMasbHoe; 
> — Temnepatypa; | T—— HallpamKeHHe KaCaTesbHoe; 
§ — npesbiitienwe Temnepaty pb; Ruse — nonyckaemoe HanpsxkeHHe mpu 
V — o6bem; H3arHGe; 
m — Macca; a 
& — yCKopeHHe cHJIbl TAKeCTH; xp cnet eines Soret enree aah an 
G — Bec; PY , 
~—yaenbuuht Bec; 6, — Mpegzen mpouHocTu mpu pacra- 
U.— KOSPDHUHEHT TPeHHA; ee 


Coomnowenan memoy npakxmusecnumu ua abconmnolua 
eodunanyamn gael iti 





Cuctema MKSA | CGSM 
—___e_ekIKQKIko ee a py ps 

Hlotox, ® BeGep (66)  ~MaKcBenn (AKC) 

1 mxc=1- 1078 66 
Muaykouus, B 66/cm? rayce (ec) 

1 2e=1- 10% a 
HanpaxkewHoctTb mar- amlep Ha CaHTHMeTp apctex (ap) 

HHTHOTO nos, H a a 
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BBETEHHE 
SHAYUEHWE ABTOMATH3AHHH TPOWECCOB 


Pa3BHTHe COBPeMeHHOH TeXHHKH CBA3aHO C UIHPOKHM NpHMeHe- 
HH€M AaBTOMaTH3allHH MpOH3BOACTBeEHHbIX NpoweccoB. CyllHOCTb aBTO- 
MaTH3allHH 3aKIO4aeTCH B TOM, 4YTO COOTBETCTBYIOULWe MeXaHH3Hpo- 
BaHHble YCTaHOBKH HJIH arperaTb! CHaOKaloTcA TaKHMH nmpHOopamu 
HWJIH YCTPOHCTBaMH, KOTOPbie ABTOMATHYeCKH yinpaBAloT padoTok 
Me€X@HH3MOB MO OnpeyeJieHHOMY 3apaHee YCTAHOBJIEHHOMY pexKHMY, 
6e3 BMeILUAaTeJIbCTBa 4eJIOBeKa. 

HapoyHoxo3AcTBeHHoe HW NMOMHTHYeCKOe 3HAYEHHE ABTOMATH3allHH 
Upe3BbIUaHHO BeJIMKO: IPH AaBTOMATH3allHH TpOweccOB pe3KO TOBBI- 
IaeTCA MPOH3BOAHTEJIbHOCTh arperaTOB H YyCTaHOBOK, yslyumaeTca 
KaueCTBO NPOAYKUMH, MOCTHraioTcA Taknve TeMMb! paOoTbl, KOTOppIe 
HeMbICJIHMbI, KOra MeXaHH3MaMH yOpaBsseT uesoBeK. ABTOMaTH3a- 
HA MPOH3BOACTBa NPHBOJHT K KOPeCHHbIM H3MeCHEHHAM B CTPyKType 
paOouero cocTaBa Ha 3aBOfax, PabpuKax, BIeKTPOCTAHUHAX, MPHBO- 
WHT K CO3aHHIO HOBbIX HHTCJICKTYAJIbHO-TeEXHHYeCCKHX pa6ounx cne- 
WHaJIbHOCTeH, K YHHUTOXKEHHIO NMPOTHBOMOOMKHOCTH MexKAY (u3H- 
YeCKHM H YMCTBeHHbIM TpyfoM. B ucTopuyeckux peulenuax X VIII cbes- 
na BKIN(6) 6blin HamMeyeHbI Mepbl NO OCYULECTBJICEHHIO ABTOMATH3allHH 
B BakKNeHWHX OTPaCJIAX MPOMbILJICHHOCTH WH TpaHcnopta. B_ peuie- 
HHAX XIX che3gqa KIICC takxe G6pl0 yheneHo OovlbuIoe BHIiMaHHe 
BONPOCaM aBTOMATH3allHH NPOH3BOACTBEHHbIX MponeccoB. B cootBetct- 
BHH C JUPe€KTHBaMH C’be3/1a, BbINYCK NMPHOOpOB yiipaBJIeHHA WH KONTPOWA 
OJKEH YBeJIMUATbCH B TeKyWIeH MATHJeTKe B 2,7 pa3a, Y4TOObI 
BO3MOMKHO OblIO OCYHIECTBHTb ABTOMATH3ALLHIO TIPOWeCCOB BO BCeX 
OTPaCJIHX HPOMbILMJIeHHOCTH, B 9HEpreTHKe MW Ha Tpancnopte. 


PABOTbI JOPEBOJIIOUMOHHBIX HW COBETCKHX 
YUEHDIX HW YVHAKEHEPOB 


OcHoBHble TeopeTHueCKHe NOJOKEHHA, IPHHHMAeMBle JIA NOCTpoe- 
HHUA YCTPpOHCTB A@ABTOMATHKH, 3a€HMCTBOBAHbI H3 QWICKTPOH3MepHTeutb- 
HOW TEXHHKH, OO/AaCTH, PaSBHBLUCHCA 3HAYHTeJIbHO paHee ABTOMATHKH. 
I]pHoputeT B pa3spa6oTKe TeOpHH H KOHCTPyYKUHH 9aeKTPpON3MepH- 
TCJIbHbIX MpHOOpOB NpHHaMeKHT PyCCKHM YUCHBIM. 

TlepBpili H3MepuTesbHbIi HpHOop — syleKTpocKon — Obl CcO3qaH B 
1751 r. [. B. PuxManom uw yxe cojepskasl OCHOBHOH MpwHyun No- 
CTPOCHHAH H3MepuTesbHOrTO MpHOopa HW pele: B3aHMOJeHCTBHe JBYX 
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CHM, OMHa H3 KOTOPbIX ABIAeTCA CyHKUNeH H3MePAeMOH BeIHUHHEI, 
a Apyrad —dyHkunel NomOKeHHA NOABHKHOK YaCTH. M. B. Jlomo- 
HOCOB, H3y¥aA SJIEKTPHYeCKHe ABJIEHHA, Aa HAelO HCNOMb3OBaHHA 
CHI B3AHMOMCNCTBHA BICKTPHYeECKHX TOKOB AJIA MOCTPOeHHA SJIEKTPO- 
H3MepHTeJIbHBIX MpH6opos. B wayane XIX ct. pyccKHe yueHbie 
3. X. Jlesun u B. C. Axo6u co3gaan yyenue 06 suleKTPOMarHHTHOL 
HHAYKUMH, JaB, TaKHM OO6pa3oM, MpeANOcbViKH JIA MOcTpoenua 
MHJYKUHOHHbIX MpHGOpoB H pee. 

B xonue XIX cr. M. O. Honuso-Jlo6pononpckHh, pasBuBad mpel- 
JOXKeHHY!IO HM Helo MpHMeHeHHA TpexdasHoro TOKa, pa3spaOoTan pay 
HOBLIX H3MePHTe/IbHbIX MpHOopoB, B YaCTHOCTH NepBbi dasometp, 
OCHOBaHHbIi Ha NPHHUANe Bpalllaouleroca MaruuTHOro noms. B IIS r. 
M. O. Donuso-o6popompcknh, OCHOBbIBaACh Ha KJIaCCHYeCKHX pa- 
6otax A. fT. CronetoBa B O6acTH HaMarHHUHBaHHA CTA, BHepBble 
paspa6otan deppogmuHamnueckne TpHOopsi. 

[IpHoputeT B O6lacTH yCTPOHCTB aBTOMaTHKH MpHHaVIeKHT pyc- 
CKHM HH KeHepaM. 

HV. Tl. MonsyHop npumMenva B CBOeH MalliHHe aBTOMaTH4eCKOe 
napopacnpegenenue. K. JJ. Pponos noctponn Ha Astae 3aBof Cc ps- 
JIOM M@Xa@HHYeCKHX MOYaBTOMaTHYeCKHX HW ABTOMATHYCCKHX CTAHKOB. 
CoppemeHuuk JloMoHOcOBa, TaJaHTsHBpI MexaHHk CcamoyuKa HM. I]. 
Kyav6nh w3s06pen 4 H3roTOBBA pA pusH4uecKux MpHOopos, a TakxKe 
YHUKaJIbHbIe Yacbl C Tpynnow aBTOMaTHYeCKH WeHcTByIOWUX duryp. 

B nepsoli nonopune XIX cr. II. JI. Wnanuur n306pen nepspit 
peabHO jelicTByoulMH Teserpadpubli anmapat, TenerpadHoe peue. 
Unkonespim paspa6oTaH aBTOMaTHYeCKHH peryATOp AIA AYTOBbIX 
neyeli, KoncTaHTHHOBLIM — aBTOMATHYeCKHH peryATOP AA SJIeEKTPH- 
.4eCKHX MAalllHH. , | 

Oguako pa6oTbl pycCKHX y4eHbIX HW H3s0OpeTaTemeH He NoyyNIH 
jomKHOrO MpHMeHeHuA B WapcKoH Poccnu. OcyulecTBrenHio HAeH H 
H306peTeHHH PyCCKHX YYeHBbIX Mella] He TOJIbKO HH3KHH YPOBeHb 
TIPOMBILWJIeHHOCTH B PoccHH, HO H 34BHCHMOCTb OT KPyNHbIX HHOCTpaH- 
HBIX (HpM. JLo peBoMIOUHH OTJCJIbHbIe peste H3POTOBAJUCb TOJIbKO B 
HeEOOJIbIJHX MACTePCKHX. 

Bennkan Oxta6pbckad COUMaJIHCTHYeCKaA PeBOJIOWHA NONOKMMA 
Hayao ObICTPOMy PaSBHTHIO OTeEYECTBEHHON 3JIeKTPOMPOMbILLJICHHOCTH. 
B rojbi OcyIleCTBe€HHA JOBOCHHbIX NATHJIeTOK Halla 9/IeKTpOoTex- 
HH4YeCKaA MIPOMBILJIeCHHOCTb, H B YaCTHOCTH peviecTpoeHne, OOoraTH- 
WaCb PAQOM KPYyMHbIx nocTtuxKenui. [IpoussoycTBo pese B CCCP 6p110 
wayato B 1928 r. Ha XapbKOBCKOM 9JIEKTPOMeEXAHHYECKOM 3aBO7e 
(X9M3). Yxe K KOHLY NepBod nATHIeTKH Oblo paspaboTaHo H 
BHEIPeHO B MpOH3BOACTBO OOMbIlIoe KOMHYeCTBO pee AIA AaBTOMATH- 
yeCKOrO yNPaBJeHHA CJIOKABIMH BICEKTPOMPHBOJaMH, HallpwMep, AVIA 
WOMeHHOrO Nogbema, OIOMHHTOB, OyMarogedaTeIbHbIX MalHH, a TaK*KE 
SallHTHbIX pee Id SHeEProcucTeM. 

Tlanbuetiwee pa3BHTHe B pesetHom npousBorzcTBe XOM3a mpoxo- 
uno B O6NACTH CO3aHHA HOBbIX BAAOB pele ANA 3aljHTbl 9Hepro- 
CHCTeEM H @BTOMATH3alHH MpOWSBOACTBeHHBIX MpoueccoB. PA, HOBbIX 
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KOHCTPYKUHH CO3qaH MHKeHepamMH 3aBoqa A. M. Bpeccaepom, 
A. H. Urpapynom, A. C. Tyuupim, aptopom uw Apyruu. 

SHauHTe/IbHBIM =Tporpecc B O6acTH pesecTpoeHua B CoBeTCKOM 
Coroze olipegemaJicd HeOOXOAHMOCTbIO aBTOMATH3aUHH OGopyqOBaHHA 
KaHagia uMeHH Mocksp (1936—1937 rr.). 

Teopua ycTpolicTB aBTOMaTHKH, TeOpHa peneinoh 3aMlHTE! OGo- 
faTHIHCb paOOTaMH pHa Hay4HO-HCCeqOBAaTebCKUX MHCTHTYTOB H 
KadeAp BbICHIMX TCXHHYeCCKHX yueOHbIX 3aBeqeHHH. 

B o6jacTu TeopHu peleiHOH 3aUHTbI H3BeCTHEI pa6oTH! mporec- 
copop H. ®. Mapronuya, A. M. ®eyoceepa, [T. H. Ata6exosa. 
B o6macTH pacuetTa 9JleKTpOMarHHTHbIX CHCTeM PAN NOJOmKeHHE pa3- 
paOoTaH mpodeccopom A. WH. Byiinospim, B. C. Cotckospim, B. K. 
Bytb 4 Apyrumu. B. K. Byab paspa6otall MeToguky pacueta HHAYK- 
WHOHHbIX JIHCKOBbIX CHCTeM, HCCJleqoBant paOoTy TaKHX CHCTeM. 

Bombuioe sHayenue uMewT paboTn JI. A. Teab6yxa, KoToppii 
BHepBble asl MeTOAHKY pacueTa HHAYKUMOHHBIX OapabaHHblxX CHCTeM 
HM Me€TOJHKY AaHaNHTHYeCKOFO HCCAeAOBaHHA NepexOQHbIX Npoweccos 
B 9THX cucTemax. A. C. Tynuu u B. JI. Da6puKanT npoBenn HMeroulMe 
OouIblIoe MpakTHYeCKoe 3HayeHHe paGOTbI NO HCCIeEAOBAHHIO MHAYK- 
UHOHHbIX CHcTem. Ha ocHope paOot A. C. Tyamna u A. Bpeccaepa 
CO3aHbI COBEPLIeHHbIe MOJeJIM AHCTAHUHOHHbIX pele. 

B uacTosamee spema Bp CCCP umeetca pag Cel HaJI43H pOBaHHbIXx 
HHCTHTYTOB HW 3aBOOB, pa3pa6aTbIBaloulHX H H3FrOTOBAAIOULHX GOOub- 
W0€ YBCO BHAOB pele H YCTpOHCTB ABTOMATHKH. 


CTPYKTYPHAH CXEMA ABTOMATH3MPOBAHHOM YCTAHOBKUH 


B o6njem Bue BCAKYIO aBTOMAaTH3HPOBaHHy!0 yCTaHOBKY MOKHO 
C4UHTATb COCTOAWIEH H3 CJIEAYIOWLHX OCHOBHbIX 3JIEMeHTOB: 

1) MeXaHH3Mbl HJM arperaTbl, OCyULleCTBAIOULHe HeOOXOUMbIe 
QJIH JaHHOH yCTaHOBKu OnepallHH HAM cbyHKUHH; 

2) CHJOBbIe anMapaTel, OCyINeCTBAAIOUIHe B M€XaHH3Me HVIH arpe- 
rate HeoOxoquMble MaHHnyJAUHH; 

3) ycTpolictBa aBTOMATHYeECKOrO yipaBJeHHA, HaCTpOeHHble Ha 
ONpeAeJeHHbIM peKHM paOoTb! H BOSJeHCTBYyIONIHe Ha CHJIOBHIe 
YCTPOHCTBa. 

YctTpocTBa aBTOMaTH4eCKOrO yMpaBJIeHHA HCNOAHAIOTCA B BURe 
BbICOKOUYBCTBHTCJIbHBIX MpHOOPOB: pesie, ABTOMATHYeECKHX peryJATO- 
pos, JaTuukKos. B page cayyaeB MexKAY 3THMA NpHOopamH H CHAO- 
BhIMH aliapaTaMW yCTaHaBJIMBaloTCA YCHJIMTeJIbHble yYCTpOHcTBa. 

Pee —npuOop, HacTpoeHHbId Ha OMpegeteHHbIh pexum paGoTs 
MeXaHH3Ma, arperaTa HIM ycTaHOBKH. Pesle jeficTByeT npu on pe- 
ACHE€HHBIX CTARHAX pemkuMa HM JeHCTBHE ero NepeyaeTcA cuH- 
JOBOMY alimapary. 

AstomaTuyeckHit peryaatop —mpv6op (41m cHcrema npu6opos u 
ycHHTeNen), 3aqayeHd KOTOpOrO ABAAeTCA NOMMepxKaHHe NOCTOAHHBIM 
olpefeeHHOrO COCTOAHHA B ABTOMAaTH3HPOBaHHOM ycTaHOBKe HJIH 
arperate. 
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A\aTuHKH — chewvatbHble npH6opEi, 3amepsioulue OnpefeseH HbIe 
BETHYHHbI, XapakTepHsyloulwe TexHOJOrHYeCKHA mMpouecc. SamepH 
AaTAHKOB NepealoTcA K HSMePHTeAbHOM YaCTH pele HIM perysAto- 
PpOB — HeENOCcpeACTBEHHO HIM Yepes ycuJNTeIH. 


OBLIAA KJIACCH®HKAUMA PEJIE 


Kaaccupukalua pene npowsBoquTca No pa3sHEM NPH3HaKaM: 0 
Ha3HaveHHiO, NO 3aMepseMbIM BeJIMYKHAM, NO NpuAuuny jelicraus, 
no cnoco6y BKJUOUeHHA. | 


1) Kaaccudukauna no HasHayeHHio 


Pa3snuyaroT pese: 
ynpaBAeCHHA— QA aBTOMAaTHYeCKOrO ynpaBleHuA pa6oroit 


SJIEKTPOABHraTeed ; 
3aulHTH— ad aBTOMaTHYeCKOH 3alHTHI SCKTPHUeCKHX. 
yCTponcrTs; : 


€24BTOMATH3aAlHu lipOH3BOACTBEHHBIX NPOWeCcos. 


2) Kaaccupakauua no samepaemof BernuHHe 


ONeKTPHIeCKHe—TOKa, HanpsxKenua, MOLLHOCTH, 4aCTOTHI, 
KOSpPHUHeHTa MOINHOCTH, CONpOTHBseHHA; 

ONTHYCCKHE—CHJIbI CBeTa, JJIHHbI BONHEI, mpospaynoctu, 
MYTHOCTH, WBeTHOCTH H ApyrHe;. 

TEM AOBbIe —TemMNepatypbl, KONMYeCTBa Tela: 

ak YCTHYCCKHE—CHJIb 3BYKa H T. QL; 

MeXaHHYeCKHE—CHJbI, MaBJIeHHA, CKOPOCTH, yckopeHua, 
JHHeHHbIX NepemMewleHHa, ypoBHA, o6bema: 

PasHBX MH3H4YeCKHX BeWH4HH — Bpemenn, BASKOCTH, 
NJIOTHOCTH. 

3) Kzaccuukauns no NpwHuMny AelicTBHA 


ONEKTPOMarHHTHBIe ; HHAYKIHOHHBIe; MarHHTOSIeKTPHYeCKHE; SNeK~ 
TpOAHHaMHyecKuHe; TeEMJIOBbIe; MeXaHHyuecKuHe. 


4) Kaaccuukauna no cnoco6y BKmouenns 


ITepBuU4HEIe —KaTyWIKH pene BKmONAIOTCA HEMOCPeACTBEHHO B 
OCHOBHYy!0 HWelb 3all[MUjaeMoro HIM ynpaB.-1AeMoro O6beKTA; 

BTOPHYHBI€ —KaTYIUKH peJle BKOUaIOTCA BO BTOPHYHBIe LenH 
H3MEPHTeJIbHBIX TpaHcopMaTopoB TOoKa H HanpsKenna: 

NPOMEX YTOWH ble — KaTYIUKH pete BKIOYAIOTCH BeNb MEKIY 
OCHOBHBIMH Pee 3allHThl HIM ympaBseHHa H ApyrimMu peste naHK 
annapaTaMa WH MOMyualioT NMHTaHHe OT OTAeNbHOTO HCTOUHHKA TOKa. 


PearupopaHwe Ha SaMepsemyio BeaHUMHy — TOK, HanpAxKenne, 
MOWHOCTh H ApyrHe — MomeT ObITb OcyulecTB/IeHO no-pasHomy. Pas- 
JMYalOT: 
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pede MAKCHMAJbHOrO ReuCTBH q — cpaOaTeiparolive mpH 
OABACHHH HJIH YBeJHYCHHH 3aaHHOW BeJIMUMH!, 

pele MHHHMAJbHOrO AeHCTBH q — cpa6aTbipaiomve pv 
HCUC3HOBeEHHH HJIH YMCHbIeHHH 3afaHHOW BeJIMUHHE, 

pene HanpaBJeHHOrO eacTBu aA —cpadaTipaoilne MNpH 
M3MCHECHHH HalpaBeHHA ABHOKeCHHA HJIH 3HaKa 3aaHHOW BeJIM4HHEI; 

pene AHPhepenuunaaAbupe —cpa6aTpiBaioujwe pH HaJH- 
UHM Pa3HOCTH 3HaYeHHH HeCKOJbKAX BeJIMYHH, 

6a AHCHbIC — B KOTOPbIX CKJaAbIBaIOTCA HIM BLIVHTAaIOTCH CHUibl, 
CO3faBaeMble ABYMA HJM HECKOJbKHMH SJIeEMCHTaMH 3aMmepa. 


METOMbI PACUETA 2JVIEKTPOMALPHHTHBIX CHCTEM 
M QIEKTPHYECKHE PEVJIE 


Tounbiii pacgeT S/IeKTPOMAFHHTHbIX CHCTeEM HW SJIEKTPHYECKHX Pele 
eBA3aH € BECbMa FPOMO3AKHMH HM TPyAOCMKHMH BbIYHCICHHAMH, “ITO 
onpesesneTch B OCHOBHOM CJIeqyIOUMMH NPHYnHaMH. 

1) 3aBHCHMOCTb HHAYKUMH OT HalparKeHHOCTH NOMA AA Wells 
cO CTAaJIbIO HeIHMHeHa; 

2) 3HaueHve HHAYKUHA B paOouHX 3a30paxX MarHHTOMpOBona Pac- 
iWpemeNAeTCA HePpaBHOMePHO, MO aHHbIM MPOBEACHHbIX HccsleqOBaHHl 
py MasbiX 3a30paxX HHAYKUMA HMeeT MAKCHMyM Y CepeQHHb! NOutoca, 
4 NO KpasM 3HaveHHe ee yMeHbINaeTCH, MpH OONbIWHX 3a30pax M0- 
aydaeTcH OOpaTHad KapTHHa, 

3) KapTHHa pacnpenevieHHA NOA B BO3MYWIHEIX 3a30pax MarHuTO- 
POBOMa, a TaK2%Ke NOA yTeYKH, BeCbMa CJOKHA, 

4) 3aKOH pacnpeyeJenHAH MOTOKOB B CHCTeMe B SHaUHTeJIbHOM 
“TCNCHH 3ABUCHT OT PaCNOJIOXRKeHHA KATYLWIKH B MarHHTONPOBOe, 

5) TeMnepatypa HarpeBa pa3JIMTHbIXx yacTell MarHuTOoMpoBosa HU 
SATYLUIKH HeOJHHAaKOBA. 

Tounptil pacuer 3JIeKTPOMArHHTHBIX CHCTeM 3aTPyAHeH ele TEM, 
JTO TIDHHHMaemMble B pacueTaX aHHble O MaTepHaslaxX HM pasMepax 
HOYUaOT HHOPa 3HAYHTEIbHbIe OTKJIOHEHHA B YCJIOBHAX NPOHSBOA- 
cTpa. Tak, aHHble O KPHBbIX HaMarHHYMBaHHA HMelOT OTKJIOHCHHA 
3 mpenenax -- (10-+15)°/), gaHHble O NMoTep#x Ha THuCcTepesnc H 
BHXpesble TOKH BeCbMa HeTOWHb! H B 3aBHCHMOCTH OT yCJOBHH OOpa- 
SOTKU JleTaW MOryT OTKJIOHATbCA OT JaOOpaTOPHbIX B WBa-TPH pasa, 
sHaueHiA HepaGOuHX 3a30pOB—B CTbIKAX—- MOryT H3MCHATbCA B 
wwa-TpH pasa, B YCOBAAX MPOW3BOACTBA HMelOT OTKJIOHCHHA SHate- 
HHA KOXPPHUKEHTOB 3anO/IHeHHA MeQM H CTAaJIN. 

CyuiccTByiGuive MeTORb] pacueTa SJIEKTPOMAarHHTHbIX CHCTeM H 
QCKTPHYeCKHX pele Kak aHavHTHYeCKHe, Tak H Ppactbo-anaauTude- 
cKHe, MOCTpoeHbl c yueTOM paga AONyueHHH: 

1) none B pa6ounx 3a30paX MpHHHMaeTCH OJHOPORHEIM, C YNeTOM 
cpegucroO 3HaveHHA HHAYKUHH, 

2) yMpOWleHHO BbINHCJIAIOT SHAYeHHA IIPOBOAHMOCTeH BO3AYLWHDbIX 
3a30pOB HW NyTeH yTeuKH; 

3) He YUHTbIBAIOT BAHAHHA pacnoNO*KeHHA KaTYWKM B MarHHTO- 
fpopoge (MO OTHOWeHHIO K padoyemy ga30py); 


He 
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4) NOTOKH H TOKH B CHCTeMax NepemeHHoro ToKa IIpHHHMAaloT 
CHHYCOH JaJIbHbIMH ; 

5) yYHTbIBaloT OObIYHO CpeyHecTaTHcTHYecKHe jaHHBe KPHBbIX 
HaMa@rHHunBaHuHa. 

Hn xeHepHble MeTObI pacueTa JOIKHbI YYHTbIBATh BO3MOXKHOCTH 
KaK MpOeKTHPOBaHHA CHCTeMbI, T e@. pa3paOOTKH MOJeH NO. 3a- 
AaHHbIM 9KCINiyaTauHOHHbIM MapaMeTpaM, Tak HW pacyetTa CHCTeMbI, 
T. €. BbIUHCIeHHA e€€ NapaMeTpOB NO 3afaHHbIM FeOMeTpHYeCKHM 
pa3mMepam. 

Ony61MkOBaHHble B JMTepaType aHaJIMTHYeCKHe MeTOMbI pacueTa, 
B KOTOPbIX HeJIHHEHHOCTH MarHHTHOH env yuyTeHb! onpeneneHHoit 
alPOKCHMallHeH KPHBbIX, CozepxKaT B ce6e CO*KHbIe 3aBHCHMOCTH, 
HE MaioulHe BO3MOMKHOCTH aHaJIH3a BJIMAHHA OTACbHbIX MapaMeTpos 
Ha paOoTy CHCTeMbl H YCT@HOBJIeHHA ONTHMaJIbHbIX COOTHOWeHHE. 
Tlostomy Takve MeTOXbI NpHrOsHb! TObKO yA pacueTa CHCTeMbI 
OMPeNeJICHHBIX Pa3MepoB. 

B pHHaTbIX B NpakTHKe HH KeHeEpHBIX MeTOMAaX pacueTa MOJb- 
SylOTCA KaK aHaJIMTHYCCKHMH COOTHOWEHHAMH, Tak HM rpaduyeckHMH 
MaTepHaJlaMH — KPHBbIMH HW BEKTOPHbIMH JWarpaMMaMH. Take MeTOgbI 
pacueta Ha3bIBaloT rpaco-aHa/IMTHUeCKHMH. 

Tlonyyatounecs pH 3TOM COOTHOWIeHHA, BeCbMa Mpoctle 10 cBoelt 
CTPYKTYpe, atOT BO3MOXKHOCTb MpOBeeHHA HE TOJIbKO pacueTa, HO 
HM NPOCKTHPOBaHHA CHCTeEMbI, YCTAHOBJICHHA ONTHMAbHbIX COOTHOUIe- 
HHH, NOSBOAIOT KOHCTpyKTOpy OnpeyeATb, Kakue napametppi cH- 
CTeMbl TpeOyeTCH H3MeHHTb B TOM CJIy4ae, KOra NO TeXHOJIOrHyeCKHM 
fipHYHHAaM HCNOJHEHHAA MOJEJIb HE COOTBETCTBYET MPOCKTHbIM JaHHbIM. 

IIpHHuMaa BO BHUMaHHe, STO CyllecTBylOllHe MeTObI pacueta 
NOCTPOeHbI C YYeTOM PxAAa AONYWeHHH, a TAaKKe YYHTbIBAA BOSMOXKHBbIC 
TEXHOJIOPHYeECKHE OTKJIOHEHHA, CeEAYeT NPOBOAUTh NMpoeKTHpoBaHHe 
¢ yueTOM HeKOTOpOrO 3anaca. Tak, HampHMep, mpH pacuete cHcTeMb! 
MPHHUMAIOT 3HaYeHHE MpeBbILWeHHA TeMNMepaTy pbl HECKOJIBKO MCHbILUAM 
MpesesbHO WOonycTumoro (Ha 10°). 

B QaHHOM NOcOOHH H30X%KeHbI MHKeHEpHble rpado-avasuTHYecKueE 
MeTO[b! pacueTa, NOSBOJIAIOWIHE PelJaTb BOMPOCbl KaK MpOeKTHPOBa- ; 
HHA, TAK H pacueTa SJIEKTPOMArHHTHbIX CHCTeM H pewie. Takve MeTOQbI 
TaKKE NPHHATHI HMO M€TOAHYeCKHM COOOpakKeHuAM: TPH NpoBeqeHHH 
pacueta rpacbo-aHaJIMTHYeCKUMH MeTOMaMH Gosee HArNATHO BbIABJIAeTCA 
PU3H4eCKaA CYIHOCTh MPOHCXOAALIHX MpPOUeccoB, YTO BeCbMa BaxKHO 
AA H3y4atoulNX AaHHYlO WMCUMOAHHY. 

B nepeye MTepaTypb! MpHBeLeHbI CTaTbH M KHHTH, B KOTODBIX 
OCBeLeHbl AHaJHTHYeECKHE MeTOJbI pacyeTa. 


Pi 
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YACTbh INEPBAS 
MATHHTHbIE CHCTEMbI 


nm ee et a rte: = re | res me — A a eT I a el 





raoaBA I 


MATHHTONPOBOA 


1-1. OCHOBHBIE BEJIMUHMHbI, XAPAKTEPH3YIOWUIHE CBOACTBA 
MATEPHAJIOB JIA MAPHUTOMPOBOJOB 


Jina v3rOTOBCHHA MAFHHTOMPOBOAOB pee MPHMeHAIOTCA pa3Ho- 
oOpasHbie copta cTaneH H cNaBoB, OOmagaomux ceppomMarHHTHbIMH 
cpoictsamMH. Bpidop Toro HAH HHOrTO MaTepHasa onpefemsetca, ¢c 
ONHOH CTOPOHbI, Ha3HaYeCHHeM Ma@rHHTHOH CHCTeMbI, a C Apyrok— 
MarHUTHbIMH CBOMCTBaMH MaTepHasia. K OCHOBHBbIM BeJIMUHHaM, Xapak- 
TePpH3yIOULHM CBOHCTBa TaKHX CTaNleH HW CMaBOB, OTHOCATCA: 

1) B,-—- WHAYKUHA HaCbILeHHA — MA@KCHMAaJIbHO BO3MOKHOe 3Ha- 
YeHHe HHAyKUHH B MaTepHasie, NPH KOTOPOM JasibHeHee yCHIeHHE 
NOAA He yBeJIHYHBaeT HAM@rHHYeHHOCTH Tena; 

2) B.,—ocTaTouHad WHAYKUMA, T. €. BeMHYMHa MHIYKUHH. py 
H =0, nomyuatoulaica Np pa3MarHHynBaHHH MaTepHasa OT MaKCK- 
ManbHoro 3HayeHua B,; npW pasMarHHunBaHHH oT 3HayeHuA B < B, 
BenHunHa HAAyYKUHH MpH H =O yMeubluaeTca; 

3) H,— KOdpuHNTHBHaA CHa — HalNpAMKeHHOCTb MArHHTHOFO Nos, 
HeO6XOJHMAaA JIA CHHKEHHA OCTATOUHOH HHAYKUMY JO HyJIA; 3Hade- 
Hua B. u H, onpegessiotcaA No pa3sMarHHyHMBalolleMy WHKJIy KPHBOR 
HaMarHvyHBanng, B AaHHbix 3aB0f0B 3HayeHua B, u 7, npuBosATca 
Jif MaTepHasoB, HaMarHHYeHHbIX JO HHAYKUHH HacbiilenuA B,; 

4) »—MarHHTHaA MPOHHLaeMOCTb; 3HAYeHHE jf H3MeHACTCA C 
H3MCHEHHeEM TOJIA WH OMpesenseTCA MO HavaJIbHOM KPHBOH HaMarHH- 
UHBaHHA, KaK OTHOWeHHe a 

5) py -—HadabHad MarHuTHad MpOHHWaeMOCTb — 3HaveHHe Mpo- 
HHUaeMOCTH B OYeCHb CAaObIX MAPHHTHbIX MOJIAX, OAM3KHX K HYUHO; 

6) pPaaxc —~ MAKCHMAaJIbHawd MAaPHHTHad MpOHHLaeMOcTh; 

7) P, u» P.—notTepH Ha rucTepe3svc H BUXpeBble TOKH; 

8) Touka Kropu—Temnepatypa, mpH KOoTOpoH deppoMarHHTHble 
MaTepHaJibl TePHIOT CBOH MarHHTHble CBOMCTBA. 


1-2. KJIACCH®HKALLUS MATHUTHbIX MATEPHAJIOB 


[lpomplliimeHHoe 3HayeHHe MOY MarHHTHble MaTepHast, oOna- 
lalouve KpawvHMH 3HaYeHHAMH MarHHTHEIX cBokcTB (pur. I,1). 

Pa3MuaioT Culefyiolllve OCHOBHBI€ BHAbl MarHATHbIX MaTepHaJiOB: 

1) maznumnomackue, OONaqatoule HH3KOH KOSPUATHBHOA CHu0n L7, 
H BbICOKHM 3HaveHHeM M@rHHTHOH MpoHHuaemocTH p. Takne mate- 
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PHasibl MPHMEHAIOTCA JIA H3POTOBJCHHA MAFHHTHbIX CHCTeM pa3HbIX 
BUJOB pee; 

2) ma2numNOMeepODdé, OONaaloulve BLICOKHMH 3HaYeCHHAMH KO9p- 
UHTHBHOK cub M,; sHayeHHe \ y STHX MaTepHaIOB BO MHOFO pa3 





@ur. 1,1. XapaxrepHcTHkH MarHHTHHX MaTepHanoB: 
@ — M&arHETHOMArKHX; b — MArHETHOTBeEpAbX. 


MeHbUIe, YM Y MarHHTHOMATKHX MaTepHasios. MarxHuTHotTBepspie 
MaTepHaJibl NPHMeCHAIOTCH JA H3FOTOBJICHHA MOCTOAHHBIX MarHH- 
Tos. Oco6yio rpymny mpeqctapiaiot co6oh TEPMOMArHHUTHEIe 
CHMaBb, OOaqaioulHe HH3KOH TOUKOH Kiopu (nopagKa 10+ 100°). 
STH ChwaBbi NPHMeHMOTCA AIa TemMepaTypHo KomneHcauun. 


1-3. MATEPHAJIbI JIA MAFHATOMNPOBOAOB 


B mpakTHKke MPHMeHAIOTCA pa3NHUHbIe MarHHTHOMArKHe MaTe- 
PHAJIbI, OTMHUAIOULHeECA Pa3NHUHbIMH CBOMCTBaMH B O6aCTH CnaGbIxX, 
CpeHHX H CHJIbHbIX Noe, Pa3SHUHbIMH 3HAYeHHAMH KOSPULUTHBHOR 
CHJIbl, YACJbHbIX MOTepb, YCJOBHAMH TeXHOJIOrHYeCKOH oObpaboTKH 
H CTOHMOCTH. | 


Cranb KOHCTPYKUHOHHAA— pasHbix mpoduel c cojep- 
mKaHHem yruepoga oT 0,1 yo 0,4%. O6saqaer xopommmu texuo- 
JIQTHYECKHMH CBOHCTBAMH B OTHOUIeHHY WTaMNOBKH uw O6paboTKH 
pexKYUIHMH HHCTPpyMCHTaMH. 


Paarl in—5 ©. a. i 
B, = 23-10-85; H,—no 3 ©; y= 7,854. 


Kpupbie HaMarHHuHBaHuA ya cTaneH CT-2 u CT-3, Bamonnenupie 
NO WaHHbIM 3aBOa «<QeKTPOCHa», NPHBexeHbI Ha durype 1, 2. 


KpeMHHCTaA CTanb—Kpyraad, c foOaBleHHem KpemHHa. 
66 
B, = 20-10-5—3; B, =6- 10-5-+8.- 10-8; 
H, = (0,4-+-0,6) = ; 7 =7,6. 
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Keaeso Apmxko. CogepxkuT mpuMech He Oosee 0,14%, aerke 
o6pa6aTbiBaeTCA, H3POTOBAAeTCA B BAe JMCTOB H MpyTKoB. Bpiny- 
cKaeTCaA JIByX MapoK: 





Aa raAy6oKoH WTAaMMOBKH, B oa 
H,=1 - ; 16.107 
JWI MarHHTONpOBOOB, 
H,=0,8-. 
Kpnupple HaMarHHuHBaHHA CM. Ha 
(burype 1, 2. 


JnekTpoTtexHunyeckagr 
ctaab. Ms3roTopageTcA B BHIe 
nucToB TosuMHOK oT 0,35 mm jo 
2mm, @ JWIA BbICOKHX SgCTOT OT 
0,05 go 0,2 mm. Tlo ctTenenu uJe- 
rHPOBaHHOCTH pa3MualoT CvIeLyto- 
uve MapKH, 37eKTpOTeXHHYeCKOH 
eramu: 31, 32, 33, 34. anupie 
yKa3aHHblX MapoK cM. B Ta6auue I. 
Kpupble | HaMarHHYHBaHHA = NOKa- 
3aHb! Ha durype 1,3, KpHBbIe pas3- 
MarHH4uuBaHHaA — Ha cpurype |, 4. 


Cranb XBII— xonogHoKatat- 





Hav, BbICOKOH NPOHHLLACMOCTH, Bbl- 8 ene 
nyckaetca B Buse AKCTOB. JIMCTbI H if 
JeHTbI STOH CTaH Ob6safaloT pe3Ko A : 
BbIpPaKeHHOH aHH30TponHeH: -BbICO- ons 
KHe MarHvTHble CBOHCTBa NOvly4a- —_s 
IOTCH TO/JIbKO B TOM CJlyuae, Korja J ae 
HanpaBsleHHe NoTOKa coBnaaeT C | 

0 q 3 


HanpaBseHHeM NpoKaTKH JIKCTA. 
Cpeanne ganupie ctaneH XBIT:  gyp. 1, 4. Kpnevie pasmarnwunpa- 


M X MaTepHaiOB. 
Pr» ae 0,84 = Pis =e 1,95 — : HHA MAarHHTHOMAPKHSA M Pp 
a = g—3 
Mujykuua npn H =0,05— ; B= 500 ec= 0,5 - 107° ~, 
H=25 2; B=17300 ec =17,3-10° &; 
CM CM 


H=50 2: B= 18400 e=18,4- 107° &; 
CM ‘ CM 
H, =0,16 ajcm. | 


e) TepmMannoi — crap c cofepkanneM HUKeA. Pa3qnualoT ABe 
OCHOBHBIE PpyMMbl NepMaJOA: HHSKOHHKEJEBbIC H BbICOKOHHKECJEBBIC. 
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CiiaBbl RepMaJJiod werHpyioTca mMosM6jeHoM, XPOMOM H Me€JIbiO. 
JlaHHble nepMasnog: 

1) HH3KOHHKeneBbIii —c cojepkaHnem Ni— 45% -+-50%, serxo 
oO6paOaTbiBaeTca pesaHvemM, wtamnyetca. Vsroropasetca B Buje 
XOMOMHOKATAHHBIX NOJIOC wHpHHOH 80—250 um nu TosupHot 0,1— 
3 4M; MpyTKOB AHametpom 8-30 um u NPOBOJIOKH JHaMeTPOM 


05-3 aM. 
B,=16-10-* (» none 124-13 2); B= 10-10 %, 
CM CM 
H,=0,24 aoa; p ware = 2510-6 © (3 none 0,16 s). 
a. = , MM 
He 9,1 + 108 Os 7 = 8,15; p = 0,40 om —— ; 


2) BbICOKOHHKeJIeBRI MONHOJeHOBEIH NepMadJIow —c cojyepxKa- 
HHeM 78,ONi+3,8Mo-+ Fe serxo oOpaGatbipaeTcaA wirammoBKod, 
pesanvem. Hsroropisetca B BHAe XONOMHOKATaHHBIX NonOC WWM pH- 
HoH oT 80 yo 250 mmx, TonunHon oT 0,1 fo 3 mM; KOBaHbIX 4 ropaue- 
KaTaHHbIX TPyTKOB HamMeTpoM oT 8 jo 30 mm; xonoqHoKaTaHHoR 
MpOBOJIOKH AHaMeTpoM oT 0,5 jo 3 um. > 


/ 
B, = 8,5 - 1075 (B nove 0,65 4) ; By =6- 1075; H. = 0,024 =; 


Huane = 160+ 10-$ 7 (p nome 0,02 £); yw, = 10+ 10-*; 
p = 0,55 om ae ; 


Ile p Meu 410 p—ciaB c cogepoxKanuem Co — 49%, V—1,7%, Fe. 
OOMayaeT HCKMIOUNTebHO BbICOKOL HHAyKuHeH HacbiyeHua B,, Jo- 
CTHTaeMOH B CpaBHHTebHO caabbix nonax. Usroropagetca B BH Je 
XOMOAHOKATAHHbIX JIMCTOB, TOJUHHOH oT 0,2 yo 2 mm; NPYTKOB jHa- 
MeTpoM oT 8 yo 30 mm. 

B,= 24-107? ©; B= 13.1078 © sy 12 a 


cm? 


1-4, BONPOCbI] TEXHOJIOTHH 


Mexanuyeckaa oO6pa6oTkKa. Jlerann MarHHTONpPOBOAa H3 
cTaJIH, *ele3a APMKO, NepMaJJIOA MOryT ObITb H3rOTOBNEHBI IITAaM- 
NOBKOH, KOBKOH, OOpa6orKoli pesuamu. JleTamH aA WuXTOBaHHBIX 
MarHHTHbIX CHCTeM (2KeCTH) NOJyyaloT WTaMNOBKOi. 

JIMCTOBbIe 3JIeEKTPOTeXHH4eCKHe CTaJH MPHrOAub! TONbKO JWIA H3- 
rOTOBJI€HHA MJIOCKHX eTaleH, Tak Kak OG6Jlaqaior XPYIIKOCTbW, BO3- 
pacTaiolleH C yBeJIHYeHHeM CcOJepxKanuA Kpemuua. To gzannymm FOCT 
iMCTbI MapKH OI uw 32 AoIKHbI BbIjepxKHBaTb 6e3 u3i0Ma 10 nepe- 
ra60oB, a Mapku 94—1 neperu6. 

TepMuyecKkaad oO6pa6orTkKa. B npollecce H3rOTOBJIeEHHA Je- 
TaJleil B HHX BOSHHKalOT MECTHBI€ H3MeCHeEHHA CTPYKTYDPbI, NpPHBOAAULHE 
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K YXYJIeCHHIO M@rHHTHbIX CBOMCTB: YMCHbIUaeTCA MPOHHUAaeMOCTh, 
YBeIHYMBaeTCA KOSPUATHBHAA CHa, MOBbILaeTCA 3HANCHHE YAeJIbHbIX 
notepb. Tlostomy eta Avid MarHHTHbIxX CHCTeM, Re yKa3zaHiple 
napameTpb! HrpaloT BarkKHy!O POJib, NOABepraioT Nocse MeXaHH4ecKoH 
o6pa6uTkw — Tepmuieckon. Jia KaxkAoro Bua MaTepHalla NpuMe- 
HaeTcA ocoObii pexkHM TepMuyecKo o6paG6oTKH. Hike mpHBo,AaTca 
aHHble PEXHMOB OSpaOOTKM HEKOTOPHIX MaTepHaJOB. 

Kene30 Apmko—otTxur npn 900° c nocnexyionlaM MeWIeH- 
HbIM OXJ1a.KJCHHeM. 

JiucToBad SMEKTPOTEXHHYECCKAaA CTANb—OTKHL NPO- 
H3BORHTCA HIM B CYXOM 4HCTOM TecKe HAH B Neu C 3alllMTHOH 
ra3opoli cpefoli (BOROpOA, YHCTHIH a30T H Ap.). Temnepatypa oT«Kura 
720-—780°, Boigepxka— 1—1,5 4aca, OXJlaxKeHHe B Med AO 200— 
250° co cKopocTbto He Bbiilie 40 — 60° B yac, NpH TemnepaType HHKe 
900—250° yeTanH MOryT OCTbIBaTb BHEe MeuH. 

IlepMasnov—orkur B new C 3allHTHOH fasOBOH cpeoll 
(Boopog), Temnepatypa 1100°, 3 aca, OxJlaKeHHe Jo 200° co cKo- 
poctnio 50° B yac. 

Nepmeugtop—ortxur mpx 1000°, 50 yacos, oxnaxeHne 100° 
B yac go 200°. 


i-5. OBJIACTb MPHMEHEHUA MAPHHTHBIX MATEPHAJIOB 


pu spiGope mMatepvaaa Jia MarHHTHOM CHCTeMbI YSHTBIBAIOT, C 
OHOH CTOPOHb!, TPeOOBAHHA, MpPeAbABJAeMBIE K MarHHTHOHM CHCTeMe, 
C [pyro — KayecTBO MaTepHasla H ero CTOHMOCTb. 

CuctemMbl nocTOoAHHOrO TOKA. Han6osee XOAKHM MaTe- 
pHalom sABasetTca skeneso ApMKv, MapKi 3. B npoctpix KOHCTpyK- 
UNAX pene, HallpHMep, B NepBHYHbIX Pee YNpaBJeHHA, MeJeso 
Apmko MoxkeT ObITb 3aMe@HeHO Gusiee JeuIeBbIM MaTepHasiOM — KOH 
CTpYKUHCHHOH cTanbio. B pele BpeMeHH C MarHHTHbIM emm(pepom 
CepMeCYHHKH BbINOMHAIOT 43 KPyrioH KpemHucToH cTain. JA BbICOKO- 
GYBCTBHTeIbHbIX, GbICTPOMEMCTBYIOIMAX Pese NPHMeHAIOT MaTePHadibl Cc 
BBICOKOM HayabHON NPOHHUAeMOCTbIO — NepMasJION, pexke NepMeHAIOp. 

Oco6o0e 3HaYeHe MpugaeTcA BLIGOpy MaTepHaJIOB AIA MarHATHbIX 
CHCTeM aBTOMAaTHYeCKUX perysaTopoB. TounocTb padoTb! peryaAaTopa 
onpefesneTcA pasHHueh MexKAy KPHBbIMH HaMarHHunBaHHs H pasmal- 
HHUMBaHHA cHcTembt. Jia yMeHbWIeHHA STOH Ppa3sHHUbl NPHMeHAIOT 
MaTepHaJibl C BeCbMa MaJIOH KOSPUNTHBHOH CHJION: nepMavJon, XBIl. 


1-6. HCIOJIHEHHE JETAJIER MAPHATONPOBOAOB 


Pa3nnualoT 2Ba OCHOBHbIX BU fla MarHHTOMPOBOOB: 

1) cnaownole, H3POTOBAeMbIe H3 NOJIOCOBOTO HK KpyrJoro Ma- 
TepHasla — KOHCTPYKUMOHHOH CTaM, *Keesa ApmKo, Kpyrsioi Kpem- 
HHCTOH CTaJu; 

2) uiuxmoeaHnole YwacTH MarudToNnpoBona npeCcTaBAAIOT co60H 
CKIeNaHHbie NakeTb! 13 JJMCTOBOrO MaTépHawia TOJILHHOK 0,3—0,5 um— 
JIMCTOBOH 9JIEKTpOTeXHHYeCKOH CTan, NepMaJJOA‘, XBII. 
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Kak mpaBisio, pene mocTOAHHOrO ToKa uMeIOT MarHHTOMNpoBoy 
H3 CiJOWHOrO MaTepHasa, a pele nepeMeHHOrO TOKa — WIMXTOBaHHbI} 
MaruuTonpoBog. Muorga, oqHako, oTcTynaioT oT 9TOrO obulero npa- 
Buia. Tak, MarHHTHbIe CHCTeMbI MOCTOAHHOTO TOKa HCHOMNAIOTCA Cc 
lUMXTOBaHHBIM MarHHTONPOBOJOM B TeX CayyaAx, Kora TpebyerTca 
NOCTPOHTb ObicTpogefcTByloulee BbICOKOUYBCTBHTeBHOe pene wan 
MarHHTHY!O CHCT€My peryJIMpOBOYHOrO pevie, rye HeOOxO_UMO MpH- 
MCHHTb MaTepHaJl C MaJIbIMH 3HAYCHHAMH KOSPUMTHBHOH CHJIbl H Ma- 
JIbIMH TIOTEPAMH Ha BHXpeBble TOKH (TakHe MaTepHasbl H3STOTOBAAIOT 
OObINHO B Bue McTOB). Takoe xe NomomeHHe HMeeT MeCTO np 
HCHOJHEHHH NPAMOXOAOBbIX CHCTeM, KOra H3FOTOB/eHHe IIMXTOBaH- 
HOH CHCTeMbI, COCTOMUlel H3 OTWeNbHBIX xKecTeli, NOJYYaeMbIX Mpo- 
UeCCOM UTAaMNOBKH, JelleBsle H Mpolwle MaFHHTHOH CHCTeMb! 3 CNVJIOUW- 
Horo MaTepHawia.. | 

B.OTAeAbHbIX CJIYYaAX MarHHTONpOBoy HeOOAbUIHX pesie mepeMeH- 
HOPO TOKa H3POTOBJAeTCA H3 CNJIOWHOrO MaTepHasia ToMMHHOH 2— 
3 mM (HaNpHMep, 43 KpemHUCTOH cTaiH). B Takux cHucTemax nosy- 
MaloTCH NOBbILICHHbI€ NOTEPH Ha BHXPeBble TOKH, HO MOBepXHOCTb 
OXJaKACHHA KaTYWIKH MPHHHMaeTCA HeCKONbKO O66sIblefi, YeM y 
OObIUHBIX HCNOHeEHHH, H 3Ha4eHHe TeMIlepaTypb! TeperpeBa He BBI- 

- XOMHT 3a npefesn HopM. | 

a) CnaowHo MarHuTonpoBog cocTouT 13 CJIEAYIOUINX OCHOBHBbIX 
qacTeH: CepyeyHHKa, Ha KOTOpPbIii HacaxKuBaeTca KaTylKa, NOJBHX- 
HOrO AKOpH (HJM MyHKepa) HM ApPMa, Ha KOTOpoe KpenATcA BCe 
YaCTH pevie. 

Cepdeunuk O6bl4HO u3roTOBAAeTCA H3 KpyrJioro MaTepHaJia; Oco- 
Goe BHHMaHHe yaenAIOT KpenweHHio cepyeuHHKa K ApMy. ITOT y3e7 
TpeOyeT TWaTeIbHOFO H3rOTOBeHUA, TaK Kak np nioxoH npywrouke 
meTaed MarHHTHOe CONPOTHB/IeHHe B MecTe Nepexoga mosyuaetcs 
3HaYHTeJIbHbIM, 

Han6ouee pauwoHadbHo KpenuTb jeTawH Harsyxo slerkouw mpec- 
COBOH NocaqKOH 41H packJlenkKof KoHUa CepgedHukKa BCKO6e (pur. 1, 5), 
OQHAaKO, BCTpeyaeTCA HW Heryxoe KpenseHue cepgeunuka (cur. 1, 6). 





ur. 1, 5. Maruvtonpopog ¢ packue- Our. 1, 6. Marsuronposog: 
NaHHbiM cepleuiHKoM: 1 — nauta; 2 — watt6a. 


i— nTa; 2 — cko6a, 2 — cepgeqHHK; 
4 — AKOpb,; § — HeEMAarHHTHaNd OpoKMayKa, 
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Tloatocublti. HaKkonewnuk,. B cucTeMaX MOCTOAHHOFO TOKa C MOBO- 
DOTHBIM SAKOPeM peKOMeHAYeTCA MpHMeHelHe MOMIOCHBIX HaKOHedHH- 
KOB, OJlaroqapa KOTOPHM YyBeHUHBaeTCA MPOBOAHMOCTb pa6ouero 
BO3JLYWIHOrO 3a30pa. 

Ecu Jin CMeHbI Ka- 
TYWUIKH BO3MO%KHO CHATb 
Bce pejie H OTBHHTHTb 
cepae4uHHK, nocsie HH 
BbITaYHBaeTCH 3a0JHO C 
NOJMOCHbIM HaKOHeUHH- 
ur. 1, 7. Kpensenue nomochoro nakoneainka: KOM (pur. 1,6). Ecau xe 


a — Cc BHTOH Npy2KuHOH; 6b —cupykHHHOH mah6of. Wo yCIOBHAM 9KcIJyata- 


]} —nomocnbit# HakoHeyHHK; 2 — BHTad mompyxKuHa; 
3 — npykuuHaa wai6a. WHH CbeM pesie C NaHeJin 


JIA CMeHbI KaTYIUKH He- 
yQoGeH, CTaBAT OTJevIbHbIM NOJOCHbIM HakoHegHuK (pur. 1,7), KOTO- 
pbiili CKpensiaeTcH C CepfeYHHKOM NOCPpeACTBOM BHHTAa C noTaHHoHu 
ronoBkohH. Jlna npeoTBpailleHHA CAaMOOTBHHYHBaHHA 9TOTO BHHTA 
IIPHMeHAIOT MpyKHHbI: MlocKKe 43 (oc*PpopHcTOH OpoOH3bl HH BHHTO- 
Bblé H3 CTAaJIbHOH MPOBOJIOKH. 

Axopo. B pene C NOBOPpOTHBIM AKOPeM AKOPb HCMOMHAeTCA U3 
nonocoBoro MaTepHaJia; B MpAMOXOJOBbIX — H3 Kpyrvioro. B OpicTpo- 
JIeHCTBYIOWUX pele JIA YMeHDbIWEHHA BHXpeBbIX TOKOB B KPYIJIOM 
cepfeuHuke geaior npopespi (pur. 1, 8a). 

B pese c NOBOPOTHbIM AKOpPeM BpalllenHe AKOPA OCYMWECTBAACTCH 
peke Ha OCH, uaule Ha mpH3me (dur. 1,5), YTO YaeT Ay4uee KOH- 
CTpyKTHBHOe pelleHve. B npaAMOXOJOBBIX pele HaNpaBAloMeH AIA 
HOcTyNaTeJbHOrO [BHXKEHHA AKOPA CJyKHT JlaTyHHad TpyOKa, MNo- 
MelaeMaad BHYTpH KaTyWwKH (cur. 1, 9). 

B pene c nonepeynbim ABHoKeHHem AKOps (cur. 1,6) nocnequuh 
KpPeNHTCA Ha MpyKHHax. 

Hema2zHumHan npoKaadKa. 
Jian npegsoxpaHeHHaA AKOpA OT 
3aJIMNaHHA BCJIeACTBHeE OcTa- 
TOUHOTO NMOTOKAa B CHCTeM2, 
HeOOXORHMO BbINOJIHATb Mar- 
HUTONpOBOA Tak, 4TOOb! Npu 
IIPHTAHYTOM AKOPe OCTABAJICH 
HEKOTOPbIH HEMAPHHTHbIA 3a- 
30p. BesHauHa HeMarHuTHblXx 
3a30POB MexKAY OTe/IbHbIMH 
YaCTAMH MarHHTONpOBosa: B 
CTbIKaX Me@Ky cepfe4uHHKOM 
WM SIPMOM, AKOPeM H CepjeYHH-  @ur. 1,8. Akopb pene npaAmoxogosoro THNAa: 
KOM, AKOPeM H HAPMOM, Oonpe- a@— MocronHHoro TOKa; b — NepeMeHHOFO TOKa. 
jenseman HeNMJOTHOCTbIO NpH- 

Jieranua (npu6unxeHHo vo 0,05 mm Ha CTbIK), a Take CJIOeM 
WHHKOBOrO HoKpbitTuA (Mopagka 15—20 p Ha feTab), CuHTaeTCH 
ROCTaTOYVHOH Yin OGbIUHOrO HCMOJHeEHHA peJle NOCTOAHHOFO 10Ka. 
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B peje BpeMeHu Cc MarHHTHbIM JlemMdepom, a Takxe pesie c MOBBI- 
MICHHBIM KOS@PHUHEHTOM BOSBPaTa CTaBAT JONOJHHTe/IbHBIe HeMar- 
HHTHbI€ NpOKaKH 43 JaTyHH WAH Opoxn3nl. B maruuTonposoge 
C NPHCTABHBIM MOVJIOCHBIM HaKOHCYHHKOM HeMArHHTHaA MpoKaayKa 
pacnowlaraeTcH Me2%Ky MOJMIOCHbIM HaKOHEYHHKOM HU Cepse4HHKOM. 
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Pur. 1, 9. Maruutonposog npamMoxogoBix cucTeM: 


Z— cTon; 2 — KaTyulKa; 3 — aKopb; 4 —~ maTyHHan Tpy6Ka; 
5 — cKo6a. 


B apyrux cayyaax (pur. 1,5) Hemarnutnas mpoknagxa B Bue 
MPAMOYTObHOH MaCTHHKH MpPHKpeniaeTcA ABYMA BHHTaMH K AKo- 
pio. IIpoknayka 9Ta B pene BpeMeHH B 3aBHCHMOCTH OT Tpe6yemont 
BHINCPKKH BPeMeHH ObiBaeT TOAMHHOH oT 0,1 Jo 0,3 sm. TIpo- 
KlaqKH MeHbUWeH TomHHb! (< 0,1 mm) ucnonHAteT B BHge 6uMeTan- 
AMYECKHX MIaCTHHOK — CTa/ib — Opou3a, GnaroqapAx yemy ysennun- 
BaeTCA CTOHKOCTb NPOKMaqKM WH OHA HE PaCKJlenbiBaeTcCA NpH ygapax 
AKOPA O CepsedHHK. 

B maruutonpospoye (pur. 1,6) npu IIPHTAHYTOM TOJO%KeHHH 
AKOPA JOWKEH ObITb OCTaB/IeH HeOOMbION 3a30p (nopsgzKa 0,1—0,2 MM) 
MK] y AKOPeM H MOJIOCHBIM HAKOHEYHHKOM. 

Kpenaenue kamywxu. Hav6onee npoctoe Kpennenne KkaTyuKu 
HomyuaeTca MpH HaJH4YHH MOsMOCHOrO HakOHedHuKa (pur. 1,6, 1, 7). 
Pasmep A oObl4¥HO BbIJepKuBaeTCA TOUHO, c AonycKom + 0,3 mam, 
pasMep 2%ke KaTYIMKH NO BbICOTe MOMKET HMETb OTKJIOHEHHA NopsagKa 
2 mm. Jina kKomnencayHH nosyyawmelicn pa3Huub B pa3mMepax 
CTABAT RONOHHTEJIbHbIC WakOb! 43 dJIeKTpoKapTona. IIpu ucnosne- 
HHH 6e3 MOJIOCHOrO HaKOHCYHHKa MPHXOAMTCA CTaBHTb JONOAHH- 
TeJIbHBIE MPyKHHHbIe WakObl v3 docdopucToH 6ponsei (bur. 120); 
npWxKHMaloulNe KaTywKy. WaiGa BcTaBineTcA B BbITOUKY cepyeu- 
HHKa H HMECeT BbIpPe3bl AIA cbema. ; 

Apmo. B pene c NOBOpOTHIM AKOpeM ApPMO UCHOMHAeTCA B BHLe 
6ykspl I’ (pur. 1,5) wan B Buge OyKper IT ((pur. 1,6); B NpAMOXO- 
AOBLIX—B BuAe CKOO (pur. 1,9) wm B Buge TpyOnI. 

K penaenue maenumonpoeoda. Cxo6xa MarHHTONpoBoxa Kpenutca 
K IWIHTe NOCpeACTBOM BHHTa, KOTOPbIN 3aBHHYHBaeTCA B CepfeuHUK 
(pur. 1,5) uw 3akpenasetca ONOHHTebHBIM IUTHPTOM OT MpoBO- 
pauyHBanHa. 
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VMyorga cepqeuHHK MarHuTOMpoBOya AVIA KpelJieHHA 3aKaHdMBa- 
eTCH Hape3aHHou vacrplo (pur. 1,6). Ha durype 1, 27 noka3an cnoco6 
KpenJieHHA MarHHTOMpoBosa ABYMA BHHTaMH, 3aBHHYMBAeMBIMH  B 
cxo6y. IIpH wCnOJIHEHHH OTKPbITBIX COJICEHOHJOB Hap yKHbIe mah6ol 
MeTaMyecKOrO KapKaca femaioT yTOJIWeHHbIMH H K HMM MpPHBHH- 
YMBalOT YTOMbHHKH Jia Kpenienua (cur. |, 21). 

6) UlnxTopaHHbih MarHuTONpoBoL. Tlaxem. llakeT COCTOHT H3 Ha- 
Sopa OTACMbHbIX LITAMNOBaHHBIX 2KeCTeli TO/LMHOM 0,3—0,5 mum. 

>  Ckpenvjenwe makeTa OCYyIIeCTBISeTCA 3aKJIenKaMH, perke BHNTAaMH. 
Saknenku pacnosarawoT Tak, 4TOOb! OblIo OOecneyeHO NJOTHOe: TIpH- 
yleranve s#ecTeli makeTa mo Bcell ero yuiMHe, OOpalad ocoOoce BHH- 
MaHve Ha pacnoviokeHve 3aKenoK y KOHIOB MakeTa, re *KeCcTII 
CTpeMATCH pa3sOlTHCb B BHJe Beepa. SakeNnkH CileqyeT pacnosaraTb 
no OfHOH MHHuM MaKketa (cpefuefi) Bo u36exKanHe OOpasoBaHHA 
3AMKHYTOrO KOHTypa, CO3falouleroO JOMOMHHTebHbIe MOTepH Ha BHX- 
peBble TOKH. 

PaccToaHHe M@KAY OTBEPCTHAMH 3aKJeMOK OJOKHO ObiTb BbIsep- 
*KaHo c Aonyckom nopagka +0,1, +0,2 mm. Tuametp oTBepcTua 
MOM 3aKJIenKYy JOJKeH SObITb HECKOJIbKO OOJIbIe AMaMeTpa 3aKJICNKH 
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B page clyqaeB Alt yBeJIHYeHHA MKECTKOCTH NakeTa HapyKHble 
KeCTH MakeTa UITaMMywoTcCA u3 GOomee ToscTOrO MaTepHasa, 4yeM 
OCHOBHbIe (Yale Bcero TOmMHHOH | wm). Ana HapyxKHbIx mecTeli 
TpeOyetcaA CNelHa/IbHbIi witamn. PekomeHyyetca nmostomy pa3meppl 
HapyKHOH XKeCTH YMeHbIVaTb NO KOHTypy Ha 0,5 mm (cur. 1,11), 
¥YTOOb] OHA He BbICTyNala H3 NakeTa B CJlyyae HeETOYHOrO COBNayeHHA 
ee@ pa3mMepoB C OCHOBHOH. . 

Caoscnae naxemot. B KOHCTPpyKUHAX M@rHHTONpOBOAOB cOmKHOL 
cbopmp: (dur. 1,12) maketp ucnonnaioT pas60pHbIMH, 4YTOOBI MOxKHO 





@ur. 1,12. Koxnctpykuna caomxxoro 


ur. 1, 11. [a6 ee | 
ur. 1, » LaQapHTbl HapyKHbIX a, b — OTHeENLHBe NakeTH; c — co6pannan 
*KecTeH, CHCT€Ma; Uw — LITAMMOBaJIbHbIA 3HaK. 


ObIIO HageBaTb KaTyuKy. OtTgejbHbie coO6paHHbie maKkeTbI CBHH- 
GHBalOoTCA BHHTaMH. Jia Kaxkjor. Bua NakeTOB Tpe6yeTcA Be 
*KECTH — OHA HOPMaJIbHOM AJIMHbI, APyraA yKopouenuad. 

Ha6op naxema. Cormacno tpe6opanuam TOCT 802—-41 gonyck 
NO TOJIMHHE JIA SJIEKTPOTEXHHYeCKOH CTaJIH MOKeT ObiTb NOpAAKAa 
+10% u npn c6opKe naketa cTrporo no uncay xKecTef MOryT No 

_SYYATbCA 3HAUHTEJIbHbIC OTKJIOHEHHA B pa3sMepaxX TOJIIMHHbI nakera. 
Pekomenayetca mo3sTOMy B YepTekaX yKa3bIBaTb He TOJIbKO 4HCJIO 
*KecTeH, HO H Bec naketa. B npon3BoxcTBe makeT coOupatot He m0 
qucsly *KecTeH, a mo sBecy. [Ip onpegenenuu uncna xwKecTeH Hu BeCca 
nmakeTa CJleqyeT yYHTbIBaTh KOSPDUUNEHT 3aNOJIHEHHA NakeTa, KOTO- 
pbIH 3aBHCHT OT cnoco6a u30/IMpoBaHHA »*KeCTeH HM KONeOeTCA B 
mpeyenax 0,9—0,95. 

Cxaenxa naxema. He6onburme nakeTbl CKJembiBaloTcA BpyaHy!o — 
B py4wHom mopecce. [lakeTs! ana OombuIHxX MArHHTHbIX CHCTeM, Has 
NpHMep JIA KOHTaKTOpOB, HeOOXOAMMO JONOJHUTeIbHO NOABEprHyTb 
MmpeccoBke B rH{paBJH4eCcKHX Mpeccax. 

Hlmamnoearonutt 3xax. Tipu u3roToBJeHHH WTaMNa AIA KecTeH 
B HEM NpeycMaTpHBaeTCA BbIILTAaMNOBKa TaK Ha3bIBaemoro 3Haka, 
OObIdHO B BHAe NoyKpyra (dur. 1,12). 3Hak yKa3biBaeT HanNpaBsie- 
Hve ITaMoOBKH pH cOopke naketa. J[pyroe Ha3Ha¥eHHe 3HaKa — 
OTJIH4aTb MKECTH, H3FOTOBJICEHHbIe OJHMM UITAaMIIOM; JOMycKH Ha pa3- 
Mepbl »KeCTeH H PaCCTOAHHA Me@KAY OTBEPpCTHAMM B HHX He MOryT 
ObITb BbIJepKaHbl NpH H3POTOBeCHHH UWITAMMOB C JOCTaTOUHO OovIbIOn 
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TOUHOCTbIO. PekoMenyyeTcA coOupaTb MakeT H3 2%KecTeH, H3POTOBJICH- 
HbIX OJHHM WH TeM Xe IWTaMMOM; 3HaK pacnOJiaraeTcCA B KaxKJOM 
OTACJIbHOM ITaMNe B Pa3HbIX MeCTaX. 

Okpan. IKpaubl, MPHMeHAemble AIA YCTPpaHeHuA BHOPAL B Mar- 
HHTHOH CHCTeMe, BbILUITAaMMOBbIBAIOT H3 NOMOCOBOrO MaTepHasa: Jla- 
TYHH, asIOMHHHA, pexke u3 Megu. JA KpenweHHA 9kKpaHa B Mar- 
HUTONpoBose eslaloTrcA mpope3sbl. B npoctetiiem cayuae 3KpaH 
ykKpeliaeTca B TOple MarHHTOMpoBogsa WH yepKuBaeTcA B HEM Oula- 
rojapa mioTHOH MocayKe (dur. 1,13 u I, 14). 
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Mur. 1, 13. Kpen- Mur. 1, 14. Kpennenve skpana: 
JIGHHE SKPaHa. i — KaTyuKa; 2 — 9SKpauH. 


Jif yMeHbIICHHA 3NeCKTPHYeCKOFO CONPOTHBJICEHHA H YBeJIHYCHHS 
MOBEPXHOCTH OXJaxKenuA 9kpana (cur. 1,14) HapyxHaA 4yacTb ero 
MOMKET HMCTb YBeJIHYeHHbIe pasMepbl. YcTa- 
HOBKa 9KpaHa B IMPpAMOXOMOBbIX CHCTeMax 
nmoka3aHa Ha cpurypax 1,15 uw 1,16, B E- 4 
Il- o6pa3Hpix cucremax —Ha curype 1,17. 

B nocneqHem cayyae 3KpaH cCBO6ORHO 
BXOMUT B Ma3bl MarHHTONpoBoya uw yJep- 
MKHBaeTCA OT BbINakeHHA OarogapsA Tomy, 
uTO ero oTrHG6aloT NocwIe BCTaBeHHA B 








Mur. |, 15. UWnxtopannpil 


MarHHTONPOBOR MpAMOXO- @ur. 1, 16. WuxtTopannpitt 
ROBOH CHCTeMBI: MarHvTonposog mpamoxo- ur. |, 17. Kpen- 
2 — sakopb; 2 — oKpan. NOBOH CHCTEMBI. Je@HHE daKpana. 


na3bl; B ApPyrHX HCNOMHEHHAX AWA yfepKaHHA BATKAa OTTHOAIOT 
KPaHHtOlO XKECTD. 
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Bpawenue akopa oObluHo ocyuiecTBIseTcaA Ha OCAX. AKOpb Jou- 
KEH CBOOOMHO JIOKUTHCA HA TOPLbl CepyeuHHKa u ApMa, TaK Kak pr 
MaJleHIleM NepeKoce AKOPA B IPHTAHYTOM POMOKeHHH MOryT o6pa3o- 
BaTbCA OOJIbIIMe BOSAYUIHbIe 3aZ0pbI, BleKyWHe 3a coGoii BO3pacTa- 
HH¢ HaMarHHUMBalolllero TOKa HW HarpeBa KaTyUIKH. B pene c nozo- 
POTHBIM AKOPEM OTBEPCTHe B AKOpe JeNaloT HeECKONbKO OoAbMe WHa- 
MeTpa OCH, B MPAMOXOJOBbIX — BHYTPeHHHe pa3Mepbl HanpaBuasiowe#i 
METAJIHYCCKOH THJIb3bI HECKOJIbKO OO/bIe pa3MepoB AKOpA (IyH- 
*Kepa), Oaroqapa yemy OH CBOOOHO ycTaHaBAMBaeTCaA B CBOeM 
KOHEYHOM MOJIOKEHHH Tak, YTO OOpasylOTCA MHHHMAJIbHbIe BOSYIHHIE 
Sa3Opbl MeKy HAM H TOPUOM MarHHTOoNpoBoga. 
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@ur. 1, 19. Kpennenne wux- 


Pur. 1, 18. Kpennenne Karywiku. TOBaHHOrO MarHHTONpoBoga: 
: J — MarHHTONpoBoR;: 2 —~ maura. 
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Kpenaenue xamywxu., B npocrefiem cayyae aaa HeOombIUHX. 
peje, €CH TeMlepaTypa MeperpeBa OTHOCHTebHO HeBeHKa (50—60°), 
KaTylika ye€pKUBaeTCA B TpeOyeMoM NomOwKeHHH SKpaHoM (cur. 1,14). 
B MarHuTHbIX CHCTeMax, rye TpeOyeTcH uacTah .cMeHa KaTYWKH, 
NOCNeqHAA KPeNUTCH CHeUHaIbHbIMA YrObHHKaMH (ur. 1, 18). 

Kpenaenue mMazHumonpogoda K OCHOBaHHIO pevie OCYLIECTBAACTCH- 
B pesie C MOBOPOTHBIM AKOPeM MOCpeACTBOM JONOMHHTCJbHBIX YFONb- 
HHKOB, IIPHKJICNbIBAeCMbIX HJIH MPHBHHYMBaeMbIxX K Apmy (ur. 1, 19). 

MaruuTonpoBox MpAMOXOMOBbIX CHCTeM KPeNHTCA K OCHOBaHHIO 
NOCpeACTBOM BHHTOB C HafeTbIMH Ha HHX pacNopHbIMA TpyOKamu 
(pur. 1, 20). B Hexotopprx cayyaax BMecTo Tpy6oK cTaBAT jonou- 
HHTeJIbHbIe Taku. B mpaMOXOMOBbIX CHcTeMax 6€3 HaPyXKHOFO CTaJb- 
HOrO MarHHTOMpoBoya — coleHOnaX — KapKac KaTyWKH eaeTca 
MeTaJJIHYeCKHM, lWaHObl ero YTOMMAIOTCH, YTOObI K HHM MOKHO OblJIO- 
NPHBHHTHTb KpellAliive yroubHHKn (pur. 1, 21). 

B) Maruntonposox c nocTOaHHbIMH MarHHTamn. IIpuH KoucTpyr- 
POBaHHH NOJAPH3OBaHHbIX pesle C NOCTOAHHbIMA MAarHUuTaMH ocoboe: 
BHHMaHHe JOJKHO ObITb yJeeHO cbopme KpenJieHHA STHX MA@rHHTOB. 
MarHuTbl H3 BONbpaMoBoh uM xXpomucTOH cram, KOTOpbie 0: 
SaKkaJIKH NOAMaIOTCA MeXaHH4eCKOH OOpaGorkKe (pesepoBke, cBepvie- 
HHIO), MOTYT NPHKPelATbCA K OCTAJIbHBIM 4YaCTHM MarHHTOMpoBoga. 
NOCpeCTBOM BHHTOB. | 
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ar. 1, 20. Kpenmenne winx- 

TOBAHHOTO MarHHTONpoBoa 

: He 
IpPHMOXOMOBOH CHCTeMBI: ur. 1, 21. Kpenaen 


CONCHOH JOB: 
t—Tpy6Kka; 2% — MarHHuTOnpo- 
Bon; 3 — MAHTA. I — KaTylika; 2 — AKOpb. 





‘ur. 1, 22. Kpensenve mocTosHHoro MarHHTa. 





Mur. 1, 24. Kpenmennue nocto- 
AHHOrO MarHutTa K CTabHOH 
-- WiacTHHKe:! 
1 — MarHUT; 2 — NwacTHHKa. 





@ur, 1, 23, Kpensenne 
MOCTOAHHOTO MarHHTa, 
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Xopoulee KOHCTPyKTHBHOe pellieHHe NpH MaTepHasax, He Nosfato- 
HIMXCA Me€XaHHyecKOH OOpa6oTKe, NosyyaeTcs HCnOMHeHHeM MarHUta 
| corsacuo durype 1, 22. [Ipa ormupke Takoro MarHuTa mpexycmatpu- 
BaloT OTKPbITbIe Na3bl AA KPeMAWAX BAHTOB. J[pyraa copma xKpen- 
J@HHA MarHHTOB H3 BbICOKOKOSPULHTHBHbIX CIVIaBOB: B OTJIHBKe 
NOCTOAHHOrO MarHHTa NpesycMaTpHBaeTCA KaHaBKa, KOTOpad 3aTeM 
MIPOLWJIH(POBbIBaeTCA, 
MaruuT Kpenutca kK yApyroH feTanmu MarHuTonpoBoya cKoO6oi u3 
JaTYHH. f 
Iipampie MarHATbt MpsAMOyroubHOTO uM Kpyraioro§ ceqenua 
(pur. 1,23) oTmHBaloT CO BCTaBKO H3 MarHHTHOMArKOrO MaTepHaaa, 
B KOTOPOH ewlaeTCA Hape3Ka JIA BBHHYMBAaHHA KpeNaulero BUHTa, 
Ha HauidX 3aBOfaX MpOHW3BOAAT OMbITHI NO MpHBapKe NOCTOAHHDIX 
MarHHTOB K NWlaCTHHKaM 43 MarHHTHOMALKHX MaTepHaos (bur. 1, 24): 
B JIACTHHKE MpPOCBepJIHBalOoT OTBePCTHe C 3CHKOBKOH H B 3TOM MeCTe 
fIPHBapHBaIoT jeTalb K MarHHTy AyroBoH cBapko#. [pu yctpofictse 
KpelJIeHHA TOPMOSHbIX MOCTOAHHDIX 
MarHHTOB HeOOxOAuMO MpexycmaTpu- 4, 
BaTb BO3MOMKHOCTb perysMpoBaHHA 
MOJIOMKCHHA MAaPHHTa NO OTHOILIeHHIO 
K fAucKky. [laa STO UenM mpuMe- 
HAIOT YeTbIpe BHHTa (dur. 1,25). 
[leHTpabHbit BHHT ABsIAeTCH Kpe- 











aay, 
Ku 





Mur. 1, 25. Kpennenne mocro- Mur. 1, 26. Marnutonposog 
AHHOrO MarHHTa C WeHTpHpos- pee c monepeuHEIM ABH- 
KOH ero mOJIOxKeHHA. *KEHHEM AKODA. 


NAUIHM, a TPH BHHTa, BBMHYHBaeMbIe B JaTYHHYIO MacTHHKy, 
UCHTpHpytOT NOO*wKeHHeE MarHHTa. 


27 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


= ae ee 

SS Le le 
emi SRS Saas — 
SS | ii Jo — 


RSS RS ey DY 
Se : 
or eee | et ae 





Be Os 39 1 | 
SEE SNUG NSS 


















So % rrseesetecaes 
PRR % etelete eecncaen easstate osesests: 





Ro RIK KK RG steatetsten ae 





es OO pies 
| 
jas 
omg it } | 
: ’ : ai i 
pocsecgs Ve at 
{ 


“wa 















; 67ers lere rarer ererere% 
ney oe os xX 050cee ee! seetees sees ate eerie 5K Se See sees seeeetatane eee 
RON RI ION, eases, 


Bm 
= 
aretetetatel RY Se 
SOS as aseretetatetatlate C) 2 OH Ox Cy Poetatelahalatatetatetes xx CRY anes 


68 





V / fang tnlbeabathakrtighend, /, 


VAP “Fn 7 apa 
Baie i i 
Ce: 
> He—Oy Cte 
> AO —& Cre. 
poe a / a 


Jo OV SOIT | 


US A 







iif 










N 
N 
N 
BH RS 







@ur. 1, 27. Konctpykuua kKogzosoro pele. 


Ha durype 1,26 npupeseH 9CKH3 MAarHUTONpOBoya pee c none- 
PeuHbIM JBHOXKeHHeM AKOps; Ha purype 1, 27 —-KOHCTpyKuHA KOjO- 
Boro pelle. 


rAABA 2 


KATYHUIKH 


2-1. OCHOBHbIE TPEBOBAHHA HW KJIACCH®HKALHSA 


Katyuika ABIAeTCH OHM H3 OCHOBHBIX 9ueMeHToB peve. IIpa- 
BHJIbHaA HW HajexkHan paOota peyle, ero KOHCTPYKTHBHble JaHHble 
B 3Ha4HTeIbHOH CTeMeHH 3aBHCAT OT MPHHATbIX Pa3MeCPOB KaTYUIKH 
H OT ee HCNomHeHHA. B mnpouecce paOoTbl pelle B KaTYUIKe BO3HH- 
KaloT pa3M4UHbIe HanpsAKeHHA: 

MeXaHH¥YeCKHe—B KaTYlIKaX NepeMeHHOTO TOKa BUTKH NOJ- 
BepraloTCA JeCHCTBHIO QICKTPOMAFHHTHbIX CHJI NPHTAKeHHA HJ OT- 
TAJIKHBaHHA MepeMCHHOTO 3HaYeHHA; TaKOe Ke ABMeHHe HMCCT MeCTO 
B KaTylWIkaxX pesie MOCTOAHHOrO TOKa IIPH MepexoOfHbIx Npolleccax 
BKJUOUCHHA HW OTKJIOUCHHA KaTYWKH; 


TEPMHUVECKH € — BOSHHKAIOULHE H3-3a NeperpeBos, OMpeeAe- 
MbIX TOBbIIUCHHbIM HalipAKeHHEM HJIA TOKOM, 
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SHEKTPHYeECKHe — oOpasylomluMecA 3-34 MepeHanpAxKeHnh, 
BOSHHKAIOuLHA B WeMH KaTyUIKH. 

Tpe6opaHus, MpeqbABAAemble K. KaTyUIKe, KOpoTKO (bopmysu- 
PylOTCA CeXYIOULHM O6pa3om: 

KaTyluka JOJDKHa ObITb MHHHMA@JIbHBIX raOapuHToB wu yyOOHa ANA 
TIPOH3BO]CTBA; 

KaTylKa JOJKHa ObITh MeXaHM4ecKH NpouHOH; 

KaTyllKa He JOJDKHa NeperpeBaTbcA MpH BCeX BO3MOXKHBIX pexKu- 
Max CBepxX [ipeeIbHO-ONYCTHMOH TemnepaTy ppl; 

KaTylWIKa JOJKHA BbIJepKHBATb ONpeseNneHHOe HCMbITATeNbHOe 
HallpxAKeHHE C UeJIbIO NPOBeEPKH AMBIeCKTPHYeCKOH MPO yHOCTH H30- 
JIAWHH. 

Np HeKOTOPBIX CNeMHaIbHbIX PeXKHMAaX KaTYUIKa JONMKHAa OTBE- 
YaTb TpeOOBaHHAM BJarO-, KHCJIOTO- H MaCNOCTOMKOCTH, cTOHKOCTH 
NPOTHB BO3JeHCTBAA pa3HbIX XHMHMYECKHX peareHTOB. 

B 3aBHCHMOCTH OT KOHCTPyKTHBHOTO UCNOHeEHHA pa3sIM4aloT 
KaT YUIKH: 


KapkKacHble, B KOTOPbIX HAaMOTKA OCYIECTBIAeTCH Ha Kap- 
Kace; | 


OeckKapkKacHble 6AHAaAKAPOBAHHHIC€—C HaMOTKOH He- 
NOCpeACTBEHHO Ha CbeMHOM illaOl0He; Nocue HaMOTKH KaTyuwIKa 6aH- 
axkupyetca; 


GeckapKaCHBie—cC HaMOTKOH Ha CepyeunHke MarHHTHO! 
CHCTeMBI; | 


GeckapkKacHble HeOansaKupoBaHHye. 


2-2. MATEPHAJIbI JIA HAMOTKH KATYIEK 


B KavecTBe MaTepHasia HAMOTKH IIPpHMeHAIOT, Kak NpaBHsO, MefHy!0 
mpoponoky. AJOMHHHeBaA MpoBoOioKa, BBHAy ee GOonbworo yyeub- 
HOrO CONPOTHBJIeHHA, B pevlecTpoeHHH He mpumeHAetTcA. OGpbIdHO 
NPHMeHACTCA MpOBOOKa Kpyrdian, AuametTpom oT 0,1 jo 3 mm, 
KBafpaTHad —Npw TpeOyemom ceyeHHu, mMpesbilwarowem 10 um?, u 
B HeKOTOPbIX CJlyyaAx — mo0coBaA Mefb. IIpoponoKky MHamMeTpom 
MeHbiie 0,1 mM MpHMeHATD u30eraioT, TaK KaK OHa 4aCTO pa3pbl- 
BaeTCA Np HaMOTKe. 


a) H3o1auua nposoga. HamotouHad mpoBoslokKa MOKET HMETb 
H30JIAWHIO Pa3HbIX BHAOB. 

Xaonyamo6ymaxcnaa mpeyctapaseT co6oh H30NsuHIO OTHOCH- 
TeJIbHO HH3KOrO KayecTBa, FrHrpocKonHdHylo. TowmuHa ee OTHOCH- 
TeJIbHO BelHKa. II]poBonoka BbINycKaeTCA C OHHM Cul0eM XJONYAaTO- 
OyMaxHOH n30nauHH (IIBO) uc asyma commu (IIB). 

[Heaxogan W30NA0KA aBAeTcA Gomee COBepWIeHHOH, OHA OOaqaer 
Combe AHSIeKTpHYeCKOH MpOuHOCTbIO, YeM xsonYaTOOymMaxkHag. 
ToauiuHa WeAKOBOH H30AUHH MeHbUIe TOJUMHbI XJlonYaTOOyMaxkHOH. 
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BinycKaeTcA MpoOBowioKa C OJHHM CJIO€M WeJKOBOH H30/ AHH (TIO) 
uc ypyma (ILI). 

Jmaneegad COCTOHT H3 3MaJib-aKOB Ha MaCJIAHOH HIM TwiHdpTase- 
Bolt ocHope. Kayectso 3MaJieBoH H30JIAUHH BbILIe, JeM XJlomuaToOy- 
MaoKHOH H WevIKOBOH. Oua ToHbIUe HX Hw OOJIagaeT GoulbUIeH TeMJ0- 
HPOBOJHOCTbIO 6onbweli TensoctohKocTbio. Tlieska H300WHu 
HMeeT  XOpOlWylO BJlarOCTOHKOCTbh H MeXaHHYeCKylO NpO4HOCTD. 
K HegocraTKaM 9MaJieBol H30/INUHMH ClewyeT OTHECTH HaJiMuHe B HEH 
pAafla MeJIKHX, HEBHMMbIX NpOCTbIM [la3OM, MOBPe*KACHHbIX TOUeK, 
BCIEACTBHE Gero B HAMOTKE KaTyLIKH BO3MOKHb! Cly4uan COpa3z0BaHHA 
KOPOTKO3aMKHYTHIX BATKOB. Ilo POCT 2773—44 jonycKkaetca cule- 
yroljee YHCO TOYeK NOBpexAeHHA IMAJIH Ha JWIHHe 1D Mm: 


M ivameTp mpoOBosioKH Tiuametp mpoposioKu 
ce or 0,05—0,14 ax or 0,15—0,35 mm 
IIDJ1-1 15 10 
I2J1-2 25 20 


KomOuxnupoeaHnan U300AUHA COCTOHT H3 JByX CJlIOeB pa3HOH 
H30AWHu. CyllecTBYyIOT CJIeAyIOllHe M@aPKH KOMOMHHpOBaHHOH H30- 
JIAWHH: | 

IISBO —cao# smanu u cao xmonuaTo6yMaxKHOH M30IA0NH; 

MSIUO —cnofi sManu HW CHOW WeNKOBOH H30JIALLHH; 


NSTO — kom6uunpopannad SMaJleBad WH TeNJIOCTOHKaA H30NANNA. 


Buxnugaekc apiseTca CHHTeTHYeCKON H30/AUHeH, AalouleH TOHKOe 
NOKpbiTHe, O6Jagatoulee BbICOKOH MeXaHHYecKOH mpoyHocTEH. IIpo- 
BOJIOKa HCHOJIHAeTCA C OfHO-, ABYX- H TPeXCOMHbDIM TOKPbITHeM 
BHHU@eKCa. 

CpeqyuaAA palvasbHad TOMHHa H30JIAUHH: 


IDB! MDB-2 HSB-3 
0,02 um 0,03 wm 0,05 sm 


IIpopofa co CTeKNAHHOH HW JedbTa-acOecTOBOH H30/INNHeH He 
NpHMeHAIOTCA B peseCcTpOeHHH. 

[pagauus juametpop mMegHof npoponoxn no [OCT 2773—44 
nmpHBeyeHa B TaOJuue 2. 


6) BuiGop u3sonauun. [I[pn Bpi6ope H30AUHH HAMOTOYHOTO Mpos 
BOJa UPHHHMaeTCA BO BHUMAHHe pAA PakTOpos. 

Mexanuueckaa npouxocme. B OTHOLWICHHH Me€XaHH4YeCKOH MPOUHOCTH 
BCe yKa3aHHble BH Jbl H3OJIALLHH YAOBJIETBOLAIOT Tpe6oOBaHHAM, Mpejb- 
ABJIACMbIM K HAMOTOUHOH MefH, 3a HCKJIOUCHHEM SMaJIEBOH H30/1AUHH, 
Me€XaHHyecKaA MPOUHOCTh KOTOPOH HefocTaToOuHa TIpH OTHOCHTeJbHO 
OoOvIbIIUX AMaMeTpaX NPOBOJIOKH. 
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; Tabauya 2 
Mpososoka MeqHaA SMaJHpOBaHHas ' 
Uivametpp, mm ® 

¢ 9Mae- ¢ 3Mavle- ¢ 3Masie- Cc yMavie- 
roe BOH H30- ae BOH H30- bee Boil u30-| TO-10H BOH H30- 
a AAdHen : anwuen A Jaden soa JALHeH 
0,05 0,065 0,20 0,225 0,51 0,560 1,00 1,070 
0,06 0,075 0,23 0,255 0,55 0,600 1 08 1,155 
0,07 0,085 0,25 0,275 0,59 0,640 1,16 1,235 


0,08 0,095 0,27 0,305 0,64 0,690 1,25 1,330 
0,09 0,105 0,29 0,325 0,69 0,740 1,35 1,430 


0,10 0,120 | 0,31 0,350 | 0,74 0,800 1,45 | 1,530 
0,11 0,130 | 0,35 0,390 | 0,77 0,830 | 1,50 1,580 
0,12 0,140 | 0,38 0,420 | 0,80 0,860 | 1,56 1,640 
0,14 0,160 | 0,41 0,450 | 0,83 0,890 = = 
0,15 0,170 | 0,44 0,485 0,86 0,920 ms = 
0,16 0,180 | 0,47 0.515 | 0,93 0,990 = = 
0,18 0,200 & a = me 2s a 


lipumMeuwaHua: 


1 VimeroTca cilenyiomive MapkKH Me@ZHOM 3MasHpOBaHHOH npoponoxH: TIDJI-F 
u IISJI1-2 ~ nakoctohkaa, w30AUHA Ha MacaAaHO ocHoBe, [IST — Ta xe aporo- 
OKA, HO NOBbIILeHHOM TeNJOCTOMKOCTH, H30JIAUHA Ha randTaneBok ocKoRe, u3ro- 
TOBIAeTCA AHaMeTpoM oT 0,33 mx H BHIWE. 

2 SmMaupoBakHHan MposonoKa ToHble 0,05 mx” H3roTOBAdeTcA no ocoOEIM 
TEXHHYECKHM YCJIOBHAM. 


JIugaekmpuyeckan npounocme. Haunyamme jaHHpie no AHauIeK- 
TpHY¥eCKOH MPOUHOCTH HMeeT CTeEKAHHAA H30JAUHA, 3aTeEM 9MaJieBat 
H XpomokcHgHan. Jina nomyyeHua HeOOXOAHMOH AHaIeKTpH4ecKor 
MPOUHOCTH WeKOBOK HW xJONYaTOOyMaxKHOH H30NALHH TpeOyeTca 
NpHMeHATb gBohuyto us0nauuio (III, MBA). 

Tenaocmotixocmo. VW30nauua u43 wWelka uw xJonyaTo6ymaxknaa 
OTHOCATCA K Kslaccy O H QA NOBbILIeCHHA TeNOCTOHKOCTH 93TOR 
H30JIAUHH HeO6OXOJHMO NOABeprHyTb ee NponuTKe, DmMasiepawH 4 BHHH- 
(plekcHafd H30AUHH OTHOCATCH K KdJlaccy A, xpomMoKcuqHaa — kK 
KJiaccy B. BecbmMa BbicoKOH TenJlOcTOHKOCTbIO OOagaeT H3000HR 
H3 CTeCKJIAHHOH MpAoKH, HO OHA FHIpOCcKONHGHAa, WH ee NpHxo_uTcA 
nogpepraTb nponutKe. [IpH nponmuTKe OpraHHyeCKHMH JlaKaMH mpe- 
eJibHaA ONycTHMaA TeMNepaTypa JIA TakKOH w301qunH —120°, 
a fpH mponutKe KpeMHeOpraHH4eCKHMH CMO/laMH MNOBbIaeTCA JO 
175° wu 6oupuie. 

Xumuveckan cmotikocms. Bricokoh XMMMYeCKOH CTOHKOCTHIO H CTOM- 
KOCTbIO NMpOTHB OOJIbIIHHCTBa TeXHHYeCKHX peareHTOB O6JaqaeT 
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H30JINUHA 9MasIeBad, BHHH(IeKCHaA W W3 CTeKAAHHOH pau. na 
NOBDIMeHUA CTOHKOCTH WeAKOBOH H XJlonyaTOOyMaxKHOH HS0J..0HH 
TpeOyeTcH JONOIHHTeIbHaAd HX MpPOMUTKa. 

Cmoumocms. Hake MpuBOATCA cpaBHUTeJIbHBIe JaHHble CTOH- 
MOCTH pa3HWIX BAZOB H30NGuUHH: I—1; WO—2,8; WA—4,3; BA—4,0; 
3IIWO—3,8. 

Toawuna u3z0anyuu. Jia NOySeHHA BbICOKHX KOIdPHUMeHTOB 
3alnOJIHEHHA CTpeMATCA K MIPHMeHeEHHIO H30JAUHH C MMHMMaJIbHOM 
TOJIMHHOHK (cM. TaOsuUy 3). 


Ta6auya 3 

TOAMMHA HSONAUHH OOMOTOUHEIX NpOBOAOB 
| Twamerp mpoponoxu Bam 
Mapka mpogoga 0,05 | 0,10 | 0,20 | 0,27 | 0,31 | 0,41 | 0,51 | 0,72 | 1,00 


0 KO AO no no no ho lo Oo 
0,09 | 0,19 | 0,25 | 0,29 | 0,38 | 0,49 | 0,69 | 0,96 | 1,45 














he ae jos 0,020 0,025 | 0,0 0.04 0.045 0.05 0.08 oor 

ray1 WO 0.7 0,075 | 0,09 C 0,105 0110] 0,115] 0.1% 0,138 

MJ BO /- | - 0125) 0,185 01 0.05) 01 fo fo. 
nba | - | — oe fon 0,22 0.2 








0,22 [0.22 j0.2t 


Jleduyumxnocms. Haumenee jeduuuTHOH ABJIAeTCH MpoOBosJioKa 
Cc 9MaJleBoH w30NauHeH. B npakTuKe peslecTtpoeHHa HanOomee yacTo | 
IIPHMEHAIOT TPOBOJIOKY C 9MaJIeEBOH H30JIAWHeEH Np HaMOTKe KaTyLUeK 
npoposiokoH yo 0,9 wm. Tipu OombuiHx AMamMeTpaxX NpOBOJIOKH Npu- 
MeHsIOT H30NAuHIO BI. 

KatTylwkh HallpaxkeHHA MepemMeHHOrO TOKa 4YacTO HCHOJHAIOT 
c msossuneH LI, npu xenaHHH ocyUleCTBHTb HaMOTKYy 6e3 OyMaXKHbIX 
npoksagok. JA 2MaJieBOH H30NAUMH NpokaqKH B 3TOM cCuJLyyae 
O6A3aTeJIbHBI. 


2-3. BCMOMOTATEJIBHBIE H30J1ALMOHHbBIE MATEPHAJIbI 


IipH w3roTOBIeHHH KapKacHbIX H OecKapKaCnblxX KaTyliek NpH- 
MeHSIOT pa3HOrO Bua BCNOMOFaTeJIbHbIe M3O/IAWHOHHBIC MaTepHaJib, 
Cy Kallve Wit H3POTOBJICHHA KapKacOB, JONOJHHTeJIbHOM UX H30JA- 
WHU, H30ALHH BbIBOAOB, HapyXKHbIX CJIOCB HAMOTKH, OaHaKHPOBKH 
KaTYlUCK, H3O0ALWHH MexKAY ClOAMH HamMOTKH. B TaOsuue 4 NpHBO- 
JWAITCA KPaTKHe TeXHMYeCKHE JaHHble TaKHX H30/IMUHOHHbIX MaTe- 
pHasios, 
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Ta6auya 4 
HsorauHoHHHe MaTepHasB 
TomuuHa, MM po6usnan Ha- 
Hanmeno- deine Gan apo: yeas Ilpumewapan 
cia Pasmep oer ieee GuBHOe HaNpaxe- he 
Hue, *@ 
Onexrpo- j0,1; 0,15; +0,015 oT 1,5 |Bsrpa6atepaetca 3 
Kaptou | 0,2; 0,3 +0,3 ll Ke/ma Qo 0,95 | hesmon03bl H AbHA- 
mapku 9B | 0,4; 0,5 HOrO BOsIOKHa. Pe- 
(anextpo- {| 1; 1,25 KOMeHAyeTca IMpo- 
mpece- }1,5; 1,75; MHTKa JlaKOM 
winaH) |2; 2,5; 3 7,5 Ke/MM 
Terunaxc | 0,5; 0,6] +0,15 CnronctThii AH31eK- 
—0,03 TpHK H3 Oymaru, 
1,3—1,4 jo6pa6oranHof 6axKe- 
0,8; 1,0; +0,1 15—23 Ke AHTHOH cMOs0H MmpH 
Pee te HarpeBe H Noy 
—(, aBAeHHeM 
2,5; 3.0:| +0,15 } | 30-42 xe 
3, —0,2 
Texcto- {0,5; 0,6; nol me AvanorwueH rerTHe 
JIMT AH +0,1 3,5 K6/MM HakCy, HO C 3aMe- 
cTopoh | 0,8; 1,0 +O HOH Oymaru TeK- 
l, 0,2 oT 1 n0 2 um CTHJIbHBIM MaTepHa- 
2 3 Ke/MM JIOM 
2,0; 3,0; +0,25 1,3—1,4 
»o oT 2 70 3 MM 
2 K6/MM 
JI 1 0,1 +0,015 2,1 Ke Uleak, npomutaH- 
Jlaxo- 0,15 +0,02 3,0 Ke HbIft aKOM, CBeT- 
TK aHb JibIM HJIM YePHBbIM 
WeIKOBaA 
JIX I |0,15;0,17;, +0,02 , TkaHb, NponmutaH- 
JlaKo- 0,20 0,9—1,4 xe Haga JlaKOM 
TKaHb 0,24; +0,03 
x1on4aTo- 
OyMaxkHaa 
Muxauut | 0,5; 0,6 Cnow mHnanok 
upoksia- | 0,7; 0,8 CIOL, CKJICCHHbIC 
Aounpik =| 0,9; 1,0 15—20 Ke/unu H30/1A LHOHHbIMH 
1,5; 2,0 jlakaMuv ¢ nocie- 
2,5; 3,0 Ayrouleh onpeccoB- 
Kou 
3. ®. A. Crynem 33 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


IT podoawcenue mabauyo 4 


TomuyHHa, tM Tipo6uBnan Ha- 





H : Np AKEHHOCTb Yuenpunitt 
Bante | proyep | Honycxaemoe | e/a wan mp. | "pec passa 
Hhe, *6é 
Muka- 0,08 +0,01 oT 20 Ke/mmM Pu6Kaa sleuta, co- 
Jl@HTA 0,10 +0,01 CTOAMLAaA H3 OLHOTO 
0,13 -++-0,02 no 14 Ke/uam CJIOA WHMAaHOH CJIIO- 
0,17 +0,03 Jbl, CKJIGeHHOH ¢ 
-——0,02 6ymaron 
Mukago- 0,15 -+-0,02 CocTOHT H3 He- 
nuh 0,20 —0,03 He menee CKOJIbKHX CJ1I0eB 
-+-0,04 13—16 Kxe/mam WLHNaHOH CAIOBI, 
—0,03 HAaKJC@CHHBIX Ha 
+0,05 Oymary 
Bymara: 
KoHAeH- |Or 0,007 Or 275 ee 
caTopHaa [no 0,0024 ’ 
nporu- 0,12 --0,01 no 450 xe 
TOUHAA - i 0,65 
rent ON: 0,05 +5% 0,82 
Ka6eJib- 0,08 +0,005 
Has 0,12 0,007 0,7 
0,17 0,01 
Jlenta: Xsonwatob6 yMaxk- 
Kunepuan | 0,45 -+0,02 Has 
TapTanasa 0,25 -++-0,02 
JinHoKcH- |Homunanp- T]nereupie uyJIkKi 
HOBbIe geo eut H3 xsloTNaTOOyMaxk- 
TpyOKH aaaieeD, HOH, eJIKOBOH 
MM HH CTCKJIAHHOH 
1,0; Ae npaxKH, NponmvtTaH- 
2,0; 2,03 HbI¢ CBCTJIbIM H30- 
3;3; 5; 4;| 10-30% | 1000-1200 6 JAWHOHHBIM JlakKOM 
4,5; 5; 
6:7; 8; 9; 
10; 11; 1 


B nocsequee BpemMA pa3paOoTaHbl HOBbI€ BH]{bI H30JIALMOHHbIX 
MaTepHaJiOB, BeECbMa TeIJIOCTOHKHX: : 

CrekIONakOTKaHb— NakOTKaHb Ha KOMOMHHPOBaHHON PJK- 
(branenol HW actbasbTO-MacdaHOH ocHoBe. TovlmjHHa W30/110HK 0,2— 


0,3 mm, Kilacc H30AuHu B. rar 
CTreKAOMHKaAHHT —FHOKHH TENJOCTOHKHH SJIeEKTPOH30JIAIHOH- 
HEI MaTepHal TomMMHOH 0,2—0,5 “m, COCTOMUHH H3 OfHOrO HAH 
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ABYX CJIO€B TOHKOH CTeKJIOTKAaHH MW OMHOTO HJM HeCKOAbBKHX cJlOeB 
INMNaHOH CJIOLbI, CKJICCHHbIX BbICOKOTeENJIOCTOHKHM JIaKoM. 

CTreKAOCAWAAHAA AEHTA—ruOKad TeNNocToKad u30N8- 
WHA TOMWLHHOK 0,18—0,25 «mm. 

CrekioTKaneBbie Tpy6KH H CTeEKAOWNHYp. 

OTH HOBbIe BHAbI H3O0JIMUHMOHHBIX MaTepHaJioB 1 PHMCHAIOTCA JIA 
H30AUHH KaTyIueK, HaMOTKa KOTOpbIX HCMOJIHeEHa H3 MpOBOMOKH 
C TeENJIOCTOHKOH H307IAUHeH., 


2-4. HAMOTOUHBIE CTAHKH 


IIpu Boi6ope Tuna KaTyWIKH HW pacueTe ee HeOOXOHMO y4HTHI- 
BaTb KOHCTPYKUHIO HaMOTOYHOFO CTaHKa, Ha KOTOPOM 9Ta KaTylka 
H3TOTOBIAeTCH. K HaMOTOYHBIM CTaHKaM MpebABMAIOTCA creqyioulne 
TpeOoBaHna: 

1. [Ipoponoka JouKHa yKJlaQbIBaTbCA TOUHO: OAHH pay 3a apy- 
ruM. B MpoTHBHOM cuyyae B HaMOTKe O6pa3yioTCA Oyrpbl, y3vIbI! 
H BMaQHHbl, YTO IpHBOAUT K YMeHbIVeHHIO NosesHoro OO beMa KaTYLIKH. 

2. CKOpOCTh BpailieHHA CTaHKa H CKOPOCTh Mo_a4dH MpoBoJoKH 
JOJDKHb! COOTBETCTBOBATbh pa3Mepy MpoBosiokH. CraHoK JouDKeH ObITb 
NOSTOMY CHaOKeH YCTpOlCTBaMH ANA perysMpoBKU YnCAa OGOpOTOB 
LUNHB AeA HW Noxag. 

3. HaraokenHe mpoposioku MpH HaMOTKe JOmKHO OpITb onpeye- 
JICHHBIM, HE TIPeBbIWAaIOWHM lipeyesbHO JoNycTumoro. Ip nospriuex- 
HOM HaTAXKeCHHH BOSMOMKHbI PaCTAFMBaHHE MPOBOJIOKH HM YaCTHIe pa3- 
PbIBbI ee. 

4, CraHok JOJDKeH HMeTb mpucnoco6meHHe AIA aBTOMaTHYeCKoli 
Mpoklaqka OyMarH Mey CJOAMH MpOBONOKH. 

5. IIpH BCaKOM OOpbIBe MpOBOJIOKH CTaHOK JOuKeH HeMegseHHO 
OCTaHaBJIHBaTbCA. 

6. CraHoK JOKeH JOMYCKaTh BOSMORHOCTS OHOBpeMeHHO!H Ha- 
MOTKH H€CKOJIbBKHX KaTYLIeK, 

7, CraHok JomKeH ObiITb CHaOxKeH cyeTYHKOM O6opoTos. )Keza- 
T€MbHO yCTpoHCTBO cueTUMKa, OOecneyHBaloUlee YCTaHOBKY Ha oripe- 
ACJCHHOe YHCJIO BHTKOB, NO JOCTHKCHHH KOTOPbIX CTaHOK aBTOMA- 
THYCCKH OCTaHaBJHBaeTCaA. 

CyulecTBy!OT CTaHKH CeQyIOWUx THNOB. 

HaMoTouHble aBTOMATHI, MOMHOCTbIO YyOBMeTBOPAIOMHeE 
NePeuHCJICHHbIM BbIle TpeOoBaHuaM. Ouu cHaOKeHbI yCcTpoficTBaMH 
aBTOMATHYeCKOH NOAa4H NPOBOMOKH C perysMpoBKOH Nogaun. Bean- 
WHHa HaTAKeCHHA MPOBOJIOKH perymupyeTcA npyxHHamMHu. Cranku 
CHaOKaloTCd COOTBETCTBYIOUIHMH CU4eTUHKaMH, MpucnocobseHuaMu 
ANA MpOKMaqkH OyMarv, JIA OCTaHOBKH CTaHKa npn oOppise mposo- 
JOKH WH NO JOCTHKeHHH TpeOyemMoro 4nca COopoTos. Ha uamo- 
TOYHOM @aBTOMaTe MOXKHO MPOBOJUTb OAHOBpeMeHHy!O HamMoTKy 8— 
10 kaTywiex. Hamartpipatb KaTyWIKH MOXKHO NpoBosoKO oT 0,05 70 
0,5—0,6 “” quametpom. Kosdxpuunent 3anomHenua KaTYUIKH mouy- 
WaeTCH BbICOKHM, YHCJIO €€ BHTKOB TOYHO COOTBETCTBYeT 3aaHHOMY. 
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IlonmyaBTOMATHI OTJMHUAIOTCH OT ABTOMATOB TEM, ITO OHH He 
o60py AOBaHbl MOJIHOCTbIO BCEMH Ha3BaHHbIMH BBILLIe MIpHcnoco6JleHHAMH: 
He CHaOKeHbI YCTPOHCTBOM [JIA ABTOMATHYCCKOH NPOKMAAKH Oymaru, 
JIA OCTAHOBKH CTaHKa pH OOppipe. Ha NosyaBTomate OCyljecTB.AeTCHA 
OMHOBpeMecHHasl HaMOTKa TOJbKO OAHOH KatywiKu. IIpu paooTe Ha 
MoJyYaBTOMaTaX MOKHO NOJYYHTb KaTYWIKH TakOroO Ke KavecTBa, Kak 
H Ha aBTOMaTaXx, HO MIpH yCJIOBHH HaJHYHA KBaJIMPMUApOBaHHbIXx 
paOouHX HW MaKCHMaJIbHOrO BHAMAaHHA HX K Mpoleccy HaMOTKH. 

PyuHpe HaMOTOUHBIe CTAaHKH. B TakHx cTaHkax HaTA- 
7KeEHHe TIPOBONOKH H MOfaya ee OCyUIeCTBIAIOTCA OT pyKH. Kak mpa- 
BHO, pH paGoTe Ha py4HbIX CTAHKaX MONyuaeTCA «HKaA HaMOTKa» 
c GecnopaqouHol yKulagKoll payop uw cuoes. Ha pydHbix cTaHkax 
fIPOHSBOAHTCA HAMOTKa TOJIbKO KaPKaCHbIX KaTYUIeK. CrenyeT y4H- 
ThIBaTb Goulee HH3KUH KOS PUUHeHT 3aNOJHeHHA, NOJy4alolMiicaA np 
pydHOH HaMOTKe. 7 

TopmMo3ube cTaHKH. WsroToBieHwe TOKOBbIX KaTyWIeK C 
MpOBoOKOH OoJIblie 0,9 mm B J\MaMeTpe CBA3aHO C HeKOTOPbIMH 
OCOSCHHOCTAMH Hpowecca: HaMOTKA OCYLIeCTBAAeTCA MpH HeOOJbILIOM 
ycle OGOPOTOB, 3a YKaqKOH NPOBOAOB AOMKeH CeAHTb HeMOcpes- 
CTBeCHHO paOouHi, MpH4eM MpHXOAATCA GaCTO OCTAHABJIMBATb CTAHOK, 
yapaTb eMy OOpaTHbI xo A NOBTOPHOH MOATOHKH MPOBOJIOKH, 
B HEKOTOPbIX CJYGaAx NPHXOMUTCH TO XOAY HAMOTKH 3aKPeCNAATb 
MpoBosoKy xJomyaTo6ymMaxkHOH JIeHTOH, TaK Kak B OeCKapKaCHbIX 
KATYIUKAX C TOJICTOH MpOBOJIOKOH He NPHMeHAeTCA NpOKMaaKa 6yMarH. 
Jini HaMOTKH TaKHX KaTyWeK MpHMeHAIOTCH CnelMasbubie CTaHKH, 
Ha3bIBaeMble TOPMO3HbIMH. 

TopMo3Hble CTaHKH OTHYAIOTCA OT OOBIYHBIX PYYHbIX HAMOTOUHBIX 
CTaHKOB B OCHOBHOM 6OJIbIUeH MOUJHOCTbIO ABHIaTeJA, MaJibIM 4HCJIOM 
COOpoToR WMHHAeA, HaslMuneM TOPMO3HOTO H peBepcupyloillero 
YCTPOHCTB. 

2-5. KAPKACHbIE KATYIWKH 


HamotkKa KaTYINKH OCYIIeCTBIAeTCH Ha 3apaHee NPHrOTOBJICHHOM 
KapKace. Pa3uinyaloT ClefyloulHe BHAbl KapKacos. 

IIpeccoBaHHble KapKaChl H3 TeHalldTa—Mopouika, Co-. 
cTomlero H3 J peBeCHbIX ONHMOK H OakeruTOBON cmouDI. [ipameHenne 
TAKHX KAPKaCOB PpalHOHAaJIbHO MPH MaCCOBOM BbITIYCKe H3eJIHA, KOra 
CTOHMOCTb TpecctpopMb! AVIA NpecCOBKH KapKaca SKOHOMHUYECKH OMpas- 
ibIBaeTCA. 

Ha curype 2, 1 noka3aHO NpHMepHoe HCNO/IHeHHe TeHalMTOBOrO 
Kapkaca. OrBepcTHe Jd CepfedHHKa MoxKeT ObITbh KPyrbIM HAH 
IIPAMOYFOJIbHEIM. ToJulMHa TpyOKH HM CTeHOK KapKaca, KOTOpylO Bbl- 
6upaloT HCXOAA H3 MeXaHHYeCKHX COOOpaxkKeHHh, AoMKHA ObiTb He 
Menee 2 mm. J|a OGNerueHuA CbeMa MpecCOBaHHOH feTasM c npecc- 
(bopMbl CTCHKH KapKaca HMeIOT C BHYTPeHHeH CTOpOHb! HeOo/bmON 


l | 
YKJIOH (st WJM a . B aTux Ke CTeHKAaX BbINpeCCOBbIBaIOTCA yruly6- 
CHHA JIA NpOkmaKH BbIBOAOB (CM. NYHKTHP). 


36 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


DPapmoposnle KapKacCH, uMelolHe KOHCTpyKUH1O, aHaJio- 
THUHY!IO TeEHALLHTOBbIM. 

Jia peje HeOoJIbuIMxX pa3sMepoB npHMeHAeTca KOHCTPyKUHA Te- 
HaWHTOBOrO KapKaCa, OMNpeccoBaHHOrO HenocpefcTBeHHO Ha 
cepyeuHHK (cur. 2, 2). 
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tel Rhee bd Ln ee 


Pur. 2,1. Texanurospi Kapxac. @ur. 2,2. Texanutosniit 
KapKac, ONpeccoBaHHBIA Ha 
cepyeuHHke. 


COopHble KapKacbl H3 CNOMCTOM H30NAuHH (dur. 2, 3), Cco- 
CTOALHe H3 reTHHaKCOBOA TpyOKu uw wal6 43 reTuHaKca HIM TeKcTO- 
muta. Tpy6ka ucnowHAeTCA 43 TeTHHAaKca, UM3rOTOBNeHHOrO He Ha 
OakeJIHTHBIX, 2 Ha TepMOpeaKTHBHBIX HENOJHMEPH3YIOUHXCA NaKkax 





nr. 2,3. C6opupii Kapxac. 


i — w300HT; 2 — TexcronHT; 3 — pa3BanbueBatTD. 


(wenak, rnudraneppii mak), 6narozapa yemMy Tpy6ka mpuH Harpese 
NO MpeccoM MOmeT JespopmMupowarTnca. 

C6opka Kapkaca ocyulecTBssetca CJIeYIOULHM O6pa30m: wa6p! 
OfeBaloTca Ha TpyOKy, H COOpaHHylO KOHCTPyKUHIO CTaBAT B pyuHol 
Mpecc, THE MpOH3BOANTCA Ppa3BaJIbUOBKa TpyOKH ropAYMMH TyaHco- 
Hamu. B pesybTaTe nowyyuaetca npouHbii, MexanuyeckH H SJIEKTPH- 
Y€CKH HaeMHbId KapKac. Tpy6ka ucnOwHAeTCA Tak, 4YTOObI BHYTpeH- 
HHe Ppa3Mepbl €€ HMeJIH TOJIbKO NOJIOMKHTeIbHBIA oNyckK nopanKa 
+0,5, +0.2 mum. 

YqauHan KOMCTpyKUMA COOPHBIX KapKacoB, H3rOTOB/IAeMBbIX B 0- 
CNEMHee BPEMA Ha OTeCYECTBEHHBIX 3aBOfaX, NpHBeseHa Ha (burype 
2, 4. KapKkac cocrouT u3 eTasieH, OTUITAMMNOBaHHbIX 43 reTHHAaKca 
TommuHOK 1—1,5 um u ana 6onpunx KaTyluek —2 mm. Jletanb 2 
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HMeeT BbICTYMbI, KOTOPbIMH YAepKHBAaIoTCcA IWWeKH /. Pasmep / yeraan 2 
WOUOKeH ObITb HECKOJIbKO MeHbIe pasMepa /, No AuaroHaJIN KapKaca, 
G6narofapa YeMy OCYIeECTBAAeTCA BO3MOXKHOCTh HafeBaHHA UWleK Ha 

feTalb 2 10 AuaroHaJH. 
Hasnune BbICTYMAatouqHXx 
yacTeH oGecneyHBaeT %xKeCT- 
KocTb Kapkaca. [Jocae cOopKu 
Kapkaca yIvibl MexK Ay WeKaMu 
HM OOKOBbIMH CTeCHKaMH 3a- 
KN@HBAIOT WeayHbIM JIaKOM 
(HH OaKeJIHTHbIM C Mocue- 
jyrolle 3arieuKoH). 
KmeeHble KapKachl, 
B KOTOPBIX waH6bl H TpyOKH 
M3 Q/IeKTpOKapTOHa CKJIeHBa- 
IOTCA NMOCpeACTBOM MOJOTHSI- 
HbIX pa3pe3HbIx waiO JK 
NICHT,  PACMOJIOXKeHHbIX TIO 
BCeH OKPyYMHOCTH KapkKaca 
(bur. 2,5,a). Kaeenbie Kap- 
Kacbl [PHMeHHIOTCA TOJIbKO 
JIA peAKAX, WMHAMBHAyaJb- 
HbIX HCMOJHEHHH KaTYLUek. 
Pur, 2, 4. COopupiit Kapkac. ScKH3 3aroTOBKH walOpl no- 

Ka3aH Ha (burype 2, 5, 6. 
MetanauueckHe KapKaCH, HCHOTHSeMbIe B Bue JaTYHHOH 
TpyOKH C HacaxKeHHbIMH NO KpaiM JaTyHHbIMu wWalOamn. Konlpl 
TPYOKH PasBabUOBbIBAIOTCA HW WakGObl NpHManBaiorcs K Hei (ur. 2, 6). 
M30sAUUH HAMOTKH OT 
TPYOKH OCYUIecTB.11eT- 
CA mocpeyzcTBoM jo00a- 
BOUHDIX  H30JIAWLHOH- 
HbIX 1aHO wu H30J1A- 









ti NNSANR 





Mur, 2, 6. MetamaHyeckai 


Ps KapkKac: 
Mur. 2, 5. Kaeeublt KapKac: @— kapkKac; ; Bag Y geet 
Pay — jaTyHb; == JlaK ; 
b — 3aroToBKa wlaHiObl; 3-—TerTHHakKC HUH TEKCTOMHT; 
J — npeccuiman; 2 — nonortuo. 4 — TIpHMaaTp. 
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HHOHHBIX NOJIOC H3 JaKONOJIOTHA HJIH MHKAaMOJOTHa, HaMaTbIBaeMbIX 
Ha MeTajMueckylo TpyOxy. Ilepeq u301upoBKoH Tpy6Ku peKomeH- 
HYeTCA SaMa3bIBaATb H30/IANHOHHBIM KJIC@M YIJIbl MEXKTY H3OJAWHOH- 
HbIMH wWakOamMu uw TpyOKoH. 

IIpuMepHble pa3Mepbl SJIEMeHTOB KapKaca CJleqyronlne: 

TOMHHA TpyOKH uw wak6 —nopayKa 0,5 mm; 

TOJLHHA H3OJAWHOHHOM wWahObl— nopagzka | mm; 

TOMMHHA H30JIAHH TpyOxu — nopayka 0,4—0,5 sm. 

O6pni4HO Tpy6ky JA KapKaCOB M3roTOBAAIOT H3 NOMOCOBOH HAH 
JMCTOBOH JiaTyHH (cnalkKa WwBa He oO6s3aTebHa). Jia HeKOTOpbIXx 
HCNOJIHeHHH KaTyleK yaeTCA MOJ6upaTb FOTOBble WaTyHHble TpyOKH. 

Metaslamueckue KapKacbl IIpHMeHAIOTCA B OCHOBHOM B KOHCTPpyK- 
(HAX NIPAHMOXOJOBbIX SIEKTPOMAFHHTHbIX pele, B KOTOPbIX NOABYXK- 
HbId CepyeuHHK NepemeliaeTca BHYTpH KaTylWwkKH. MmeroTca KOHCTpyK- 
{HH COJIEHOHAHBIX pele, B KOTOPbIX Ha MeTAaJJIMYeCKOM KapKace kKpe- 
MATCA KOHCTPYKTHBHBIe JJIEMEHTH! Pele: pblyarH, KOHTAKTHbIe CHCTeMbI 
(pur. 2, 7). B 3aTux cayuaax HapyKHble MeTaJ- 
JimvecKHe WakObl Kapkaca JOJKHbI HMCTb TOJI- ad 
WIHHY, JOCTAaTOUHYy!IO JIA KpensieHHaA Apyrux 
WetaneH. Ulai6bt gouoKnb! ObITb ToULHHO NO- 
patka 4 mm, TpyOka—TowmHHoK | mm. Jina 
KaTylueK HepeMeHHOrO TOKa TpyO6Ka Hu wWalOpt 
MeTaJIM4eCKOrO KapKaca HCIOJIHAIOTCA C pa3- 
pe3OM B OJHOM MECTe. at 

Hamomka KapKacHolX KaTyWIeK MOXKeT ObiITb 
OCYLIeECTBIeHa Ha JIKOOOM HAMOTOUHOM CTaHKe. 
Ha kaTyuikaxX NOCTOAHHOrFO TOKa He jeNaeTca 
HOOaBOUHBIX OyMaKHBIX NpoKaqoK MexKy 
cloaMH. B page cayyaeB 3a 2—3 cog Jo 
KOHUWa HAMOTKH CTaBHTCA MpOKJlaqkKa U3 TeJe- 
POHHOH OyMaruH HJM AakononoTHa, Oslaroxapa 
YeMy CKpafbIBalOTCA HEpOBHOCTH BCeH HaMOTKH. 
IIpH HaMOTKe KaTyleK NepeMeHHOrTO TOKa M3 
MIpOBOJIOKH C SMa/leBOM H30JIAHeH PeCKOMeCH- Our, 2, 7. Merananue- 
WyeTcAh CTaBHTb Yepe3 KaXKAbIN COM MPOBOJIOKH ckHA KapKac ¢ yTor- 
NpokaqKW “3 H30AMNHOHHOM Oymaru. MeHHBIMH @.1AHIaMu. 

VimerotcA KaTyWIKH C JBYMA OTJCMbHBIMH aun uacrel pene 2p none 

OOMOTKaMH, pa3feJIeHHbIMH Wah6amu. [Ipeumy- naath; 3 — DAATS. 
ULeECTBOM TaKHX KAaTYIUe€K ABIACTCH YMCHb- 
WeHve HalpAKeHHA MexKAY ABYMA coceqHHMUM cJoamH. IIpu usro- 
TOBJICHHH TaKHX KaTYLIeK MpOH3BOXHTCA HAMOTKA OHO NMOJOBHHDI, 
Apyrad 3anowHAeTCA BPCMeCHHOH AepeBAHHOH Kono_KOH. Hapyxuan 
NOBEPXHOCTb TOTOBbIX KaTyWJeK NOKPbIBaeTCA NOMOcOH sJakonooTHA, 
HaMaTbIBaeMOH C HEKOTOPbIM HAaXJIECTOM JIA CKJIGEHBAHHA KOHILOB. 

Onucanve KpenseHHa BbIBOAOB MpHBO_UTCA B Maparpade 2-7. 

YoTopad KaTylika cHaOxKaeTca Ta6sMuKOH, B KOTOpOH ykKa3bI- 
BaloTCH JaHHble KaTyWIKH — paOouee HalpsoKeHHe, 4HCJIO BHTKOB, 
AHaMeTP NPOBOJIOKH, COMPOTHBJIeHHe HaMOTKH pH 20°. 






Ge 


Nannwansanaccne 






SVRABBALAALEALES 





MARV 
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2-6. BECKAPKACHbIE KATYUIKH 


HsrotopsenHe KaTywKH. Hamotka OecKapKacHbix kaTywlieK 
MpOH3BOJHTCA Ha BPeCMeCHHbIX Pa3beMHbIX MeTAJVJIMYeCKHX WaOsOHAaX, 
yKpemisemblxX Ha BaJly HaMOTOUHOrTO cTaHKka. Hapyxuple pasmeppl 
1a6JIOHOB COOTBETCTBYIOT BHYTPCHHHM pa3MepaM KaTyuIKH. Pa3yu- 
ualoT ABa Bufa GecKapKaCHbIX KaTylWeK’ OaHaxupoBaHHble ¥ HeOaH- 
waoKHpoBaHHble. Han6oupiliee pacipocTpaHeHHe HMeloT OaHdaxkupo- 
BaHHble KaTyIUKH, OOnafaloujve Noce KOMMayHAHPOBKH 3HauHTeVb- 
HOH M@XaHHueCKOH MpOUHOCTHIO. 

B mMarHuTHbIX CHCTeMaX NOCTOAHHOFO TOKa B UeJIAX yJIydWeHHA 
TenMOOTAAYH HMCNOJHAIOT HHOra KaTYLKH, HaMaTbIBaeMbie HeNocpel- 
CTBeEHHO Ha CepyeuHHK WH Ha *Kesesnylo TpyOky, KoTOpad ofeBaeTca 
Ha Ce€pfleuHHK MA@THHTHOHM CHCTeMBI. 

B Tex cilyyaax, Korga KaTyliKa B alinapaTe MOMHOCTbIO 3alllH- 
ileHa OT BHeIUHHX MeX@HH¥eCKHX BO3AeHCTBHH, HanpuMmep B peste c 
KOKYXOM HJIH B COJIEHOHAHOM peJie C 3€MKHYTOM M@rHHTHOH cucTe- 
MOH, BO3MOKHO IipHMeHeHHe HeOaHJaKHpOBaHHbIX OeckapKacHbix 
KaTyllek. 

Kak mpaBHsio, mpouecc H3roTOBeHHa OeCKapKaCHbIX KaTylueK 
COCTOHT H3 Tpex cTaqun: 

1) HaMOTKH KaTYIUKH Ha CTaHKe; 

2) OaHaxKHPOBKH KaTYUIKH HOce cbemMa ee CO CTaHKa; 

3) KOMMayHAHpOBKH KaTYyUIKH. 

Hye KOpOTKO onucbiBaloTCA NepBble ABe CTaqHH H3rOTOBeHHA 
KaTYIUKH H3 pa3iM4aHoro o6mMoTOUHOrO Matepuvasia. IIpouecc Kom- 
nayHAMpoBKH KaTylwek paccmMaTpHBaeTcA B Naparpate 2-8. 

Hamotka 4 Ganyaxuposka OecKapKacHOH KaTyWIKH c 9MaJeBor 
u3z01nuueH. []pouecc namoTKH COCTOMT H3 CJleqytouIHx onepauni. 

oooocog 1. Sarotopasetca noJlocka H3 

MMKanoJoTHa, K KOTOpOH NpHkweH- 
BalOT H30JIAWMOHHbIM KJICAULHM Jla- 
KOM TacpraHble JIenTH! (cur. 2, 8) 
C pacCTOAHHeM Mey HHMH, paB- 
b,, HbIM HX wHpHHe. JinMHa nonocKkH 
H3 MHKanovJloTHa BbIGHpaeTCA Cc Ta- 
KHM pacueTOM, 4TOOBI Ip HaBo- 


paqvBaHHu ee Ha Wa6vJIOH NosyUHA- 

ts ood 0 CA HaxJiecT nopsyKa 10-15. MM; 
Zt. l, = ®Din + (1O—15) um, wupuna 

@ur. 2,8. 3aroropka aa Gecxapxac- €C /y QOJOKHa ObITb paBHa jJIMHe 
HOH KaTyLUKH. HaMOTKH. JIHHa Ta(bTAHbIX JeHT 


OKHAa ObITb TaKOH, uTOOb! UME 
MOMKHO ObiIO YKPeENHTb BCIO HaMOTKY KaTYUIKH. 


2. [lomocka MHKanOJIOTHa HaMaTbIBaeTCH Ha CbeMUDbIi wadJIOH, 
SaKpeIVIeHHbIA Ha BaJly cTaHKa (pur. 2-9). 

3. YkKpeliseTca HHTKaMH y JleBoro Hui mpaBoro Kpawa KaTyHIKH 
BhIBOA H3 Hee (Hayao). Bbipogquof Kone Hw JIeHTbI 3aK pelJIAOT 
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Ha Balke Jia MpeqoxpaveHua UX OT O6o/JTAaHHA B Mponecce Ha- 
MOTKH. | 

4. Bpinonusetca HaMOTKa KaTylIKH c MNpoKJaqkow Oymaru yepes. 
Kaxkipih cow. Wupuna OyMaxnod mpoknagkn nomKHA OnIT) 6oulble 
JJIHHbI HaMOTKH Ha 10 mm. 

D. 3a Ba-TPH COA JO KOHUa HAMOTKH cTaHOK OCTaHaBJIHBaloT 
H MpOH3SBOAAT KpenJieHHe KaTYIUKH TacdbTAHbIMH JIeHTaMH, npeqBapu- 
‘T€AbHO MPpHMAB BbICTYMaloulHe KOHILbI 
Oymarn (pur. 2, 10). IIpouece xpen- 
JIGHHA OCYWIECTBIAeTCA nocpeyCcTBOM 
BCNOMOraTeJIbHOro OaHyaxka, HamMarr- 
Baemoro Ha JeBOH NOJIOBHHE KaTYLIKH, 


es | 


Cc NpaBon Ke CTOPOHBI €€ NpoyouKalor | POO OOOO COOOO0OG 


a ae See ae ae ae ae oe an 
2 e000, 0. 0.0.0.0 0a 00 @ 


HaMOTKy 4H Mocse Toro, KaK JIeHTHI 3a- 
KpelJIdloTcad pOBOJIOKOH, CHHMAaIOT 
BCHOMOraTeJIbHbIH Oanyam. 

6. Sakpenmiotca HUTKaMH Ha o- Rees : 
BePXHOCTH KaTYLIKH BbIBO,HI ((pur.2, 10). BOO 


we ww wwe w ws eS st { ) XX ) 
00000000000 
= 4 
FOO0000000 


Lie LL 





(> ae Tan 
bdde &@OAHBOS OE 3 
CCOOCC ACCOR ESe 
4 (A 4-Sm 
ur. 2, 9. K onvcanHio npouecca HaMOTKH Pur. 2,10. Paspes 6ecxapxacnot 
GeckapkacHoh KaTylKH: OaHAa@KupoBaHHOH KaTyWKH: 
7 — BHIBOR; 2— meHTa. 3 ~ Tpy6Ka us nakono I — Oanyzam us radtrsno# aenth, 2 — 
40THa; #— GyMaxkuaa mpokmagka; 5 — HuTKa; wah6a 43 MHKanonoTHa; 3 ~ Tpy6Ka 
6 — BavlHK. H3 MHKAaMnosoTHa; 4 — Ta6HUKa. 


7. Karyuka cuumaetca c ma6siona u ONPeCCOBbIBaeTCA B Ccie- 
UHaJIbHOH onpasKe. IIpu atom yMuHaioTcr BbICTYMalollHe KOHUbI Oy- 
Mara 4 KaTylika QOBOMHTCA AO TpeOyeMbIxX NO yepTexy pa3smepos. 

| Ha Topuax KaTyuIKH HakagbiBaloTca walOsl v3 MHKaNloJloTHa Hi 
BCH KaTyuka OaHqaxKupyetca TapTravol snenTo# c nepeKp bITHem, 
PaBHbiM */3 WHPHHbI JeHTH. Paspes roTosor KaTYIIKH pHBeyeH Ha 
(purype 2, 10. 

Tiocne OKOHYaHMA BbILIe yKa3aHHBIx onepauwh ocymectTBdetTca 
Npouecc KOMNMayHAMPOBKH KaTYLIKH. 

Hamotka 4 GaHyaxuposka GeckapKacnoii KaTYWIKH H3 MpOBOJOKH 
C WeKOBOH HAM xXAOMYaTOGyMaxKHO u30nauHell. TaKue KaTYIUKH 
HCNOMHAIOTCA Oe3 GyMaKHBIX MpoKnagox. Jina (OpMHpoBaHHA Ka- 
~TYWKH HW Yep kaHuA c0eB B Npowecce HaMOTKH Wa6JIOH CHaOmaeTcs 
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OOKOBbIMH Wali6amn (dur. 2, 11). Ha wa6m0n HaMaTbIBaeTCA 3apaHee 
3arOTOBJIeHHan HosocKa MuKanooTHa (pur. 2,8) u ofeBarotca OoKo- 
Bhie WalObr H3 MHKanonoTHa. B ocTaJIbHOM TIpollecc HaMOTKH COBIa- 
yaeT C TAKHM >2Ke TIPOLeCCOM JIA KaTYWeK H3 MPOBOJIOKH C 9Male- 
BOH H30AMlLHeH (HO 6e3 NpHMeHeHHA 
6GYMaxKHbIX TpOKJagOK). 

Hamotka HW OaHyaxKHpOBKka Ka- 
TYWKH Ha cepke4wHHKe MarHuTHCH 
cuctembl (bur. 2, 12). CepgeunuK 
NOKPbIBaeTCH MPOYHO CKpenJieHHbIM 
C HM TOHKHM CJlOeM H3000L0u — 
M3OUIMTHPyeTCH WJIK MMKaHH3Kpyer- 
ci. [lo KpasM K cepfeuHHKy NoykKJen- 
BalOT paspe3Hble NOMOTHAHIe wWahOb! 
(pur. 2,5). [lo okoHYaHHH Mpomecca 

3 HAMOTKH WaHhObl paciipaBJAlOTCA 0 

@ur. 2, 11. Hamorka 6eckapxacnoh TOPILY KaTYWKH, KOHUbI HX 3arnGaloT 
KaTYUWKH H3 MIpOBOJIOKH C WeJIKOBOH Ha Hapy KH ylo NOBEPXHOCTb, KOTO- 

ea ee pad 3aTem OaHJaxKupyercs. 

et ee ee Hamotka HeOaHaxupoBaHHoi 
GeckapkacHow KaTywKH (pur. 2, 13). 

B KONCTpyKUHH 9TOM KaTYUIKH OTCYTCTBYIOT KpenAlline TadpTAHple 
JIeHTbI, TOpUeBble walObl H He NpuMeHAeTCH Oaunax. Hamotka Ka- 
TYIUKH MpOw3BOAHTCA Ha MeTaJMYecKOH onpaBKe. OcHOBOK KaTYyLIKH 
ABAdeTCA TpyOKa u3 GymarH, H3roTOBJAeMaA Ha STOH Ke oOnpaBKe 








eoeeees 
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ur. 2, 12. BeckapKacHas KaTyUKa C HAMOTKOM Ha CepeuHHKe: 


1 —- npokmayKa MuKanosoTHa; 2 — Ganga, 3 — miahOa NONOTHAHAA; 
4 — rHap3a; 56 — cepgedHHK. 


HAMOTKOM HeCKOJIbKHX cuoeB (6—7) GymarH OOnJeH TOJIMHOK Mo- 
pagka 0,125 um. B weKoroppix cJlyuasX NPHMeHAIOT TOTOBbIe TPyOKH 
C TOMULHHOH CTeHOK, paBHOH 0,0 wu. Kpendienwe KaTyWKu OCYyecT- 
BJIACTCA C NOMOUIDIO GyMaxKHbIX MPOKNafOK, WHPHWHa KOTOPBIX OepeTca 
TaKkOll, YTOObI CO3aBalacb TOPLeBAaH H30ALWHA pa3sMepOM C KarKA0H 
cTopoub! mo 2,5—3 mm. Cpepx mocjequero pala KaTyWIKy cOmaTbI- 
BalOT OAHUM cloem 6ymarH TosmHHOl! 0,125 um, KOTOpbIli 3akpen- 
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JI€TCH 3ATEM TOHKOH HUTKON. Buipogpl KaTyLUIKH — Hayao H KOoHeL — 
MpOXOAAT Yepe3 TOPUb! KaTyIUKH. 

Ha aBTOMaTHYeCKHX HA@MOTOUHBIX CTaHKaX MOKHO OC YUIECTBHTb 
OAHOBPeMeHH ylo HaMOTKy 8—10 onucaHHbIx KaTyutek. J|maHa onpaBKu, 
TpyOkH HW OyMaxkHBIX MpOKaqoK COOoTBeTCTBYyeT CyYMMapHoH JuIMHe 
Bcex kaTyuek. Ifo okondaHuHM Mpouecca BCA HaMoTKa pa3pesaeTcs 
CHCHMAJIbHBIMH HOMKAMH Ha OTJeVIbHbIe KATYWIKH, KOTOpbIe NOCTyMaIoT 
3aT€M B KOMIMaYHAMpOBKy. | 

Hamotka Geckapkacublx TOKOBBIX KaTywiex. Kak mnpaBuno, ma 
TaKHX KaTyUleK MPHMCHACTCA MeJb C XJlonYaTOOyMaxHoH H30NAUHeL, 
Hamorka Npou3BoqMtTcH Ha TOPMO3HBIX cTaHKax. OcHoBoli KaTYLUKH 





Hf eevcecccee eee | 
Reames 





2 
Mur. 2,13, Beckapkacnaa neOanza- @yr. 2,14. BeckapKacnas - 
*KHPOBAHHaA KaTyllKa: TOKOBaA KaTYyiKa H3 MpoBo- 
1 — 6yMara Tonmunot 0,125 ma: JOKH C xwomuaTo6yMaxKHol 
2 — HuTKa., H30J1A Hen: 


Z — NeuTa; 2 — Tpy6xa. 


ABIACTCA H30JANHOHHaA TpyOKa, Ja Kpenwenia BUTKOB KaTyWIKH 
H YAepKaHuA NOpAAKa COeB HaMOTKa B Mpouecce H3rOTOBJeHHA 3a- 
TAPHBaeTCA TapTAHOH NeHToH. (bur. 2, 14). Cpo6oqubli KoHeL JeHTDI 
3akpelineTca HHTKOH. [lo OKOHYaHHH HAMOTKH KaTyliKa mojpep- 
raeTcA NponutkKe. 

Mapkuposka KaTyuiek. Totopble KaTylIKH CHaOKaloTCA TaOH4KOH, 
B KOTOPOH yka3bIBalOTCA jaHHble KaTYUIKH: paOouee HanpsxKenne, 
HCO BHTKOB, WaMe€Tp MPOBOJIOKH, CONpoTHBeHHe mpH 20°. Ta6- 
JIM4Ka BbINOJHACTCH H3 MpeccuilaHa H yKpelJiseTcH Ha KaTywiKe 6aH- 
naxKkom (cur. 2, 10). 


2-7. BbIBOJAbI KATYLIEK 


B MpaktTuke MpHMeHAIOTCA pa3JHUHble HCMONHEHHA BHIBOLOB Ka- 
TYUek. 

a) B kapkacHbix KaTyuikax HeOOMbUIMX pa3MepoB BHIBOA ocyle- 
CTBIACTCA MOCpeACTBOM (piaxKKOB — JaTYHHbIX MOJOCOK TOMMMHOL 
0,5—0,6 um, umupuHoh 4—6 mum, KOTOpPble NIpHMavBaroTCA KOHILaMH K 
mpOBoy HamoTKH. Montaxkubilt NpoBog B CBOIO OFepesb MpHNanBaerca 
K *PlaKkkam. ONaxku W30MpywTcA OT HaMOTKH MOCpeACTBOM ABYX 
NONOCOK JaKONOMOTHA; KpersieHve laxKKOB K HAMOTKe ocylle- 
CTBAA€TCH TOHKHMH HUTKaMH (pur. 2, 15). 
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6) B kapkacHbIxX KaTyUIKax pele BbIBO, MOKeT ObITb BbITIOHeH 
MpOBOJOM HaMOTKH, TIPHCOeAMHAeMbIM K BbIBOJHBIM 342KHMaM, Pacnio- 
JIOMeHHbIM Ha DoOKOe. MsonamHA BbIBOAOB OT HAMOTKH H OT LOKOJA 
pele OCYUIECTBIAeTCA MOCPeACTBOM JIHHOKCHHOBbIX Tpy6ox. B culy- 
yae, eCJIH HAMOTK&a KaTYIUKH MNpOH3BOAMTCH TOHKOH MPpOBOJIOKON, 
[uametTpom MeHbile 0,5 mm, HeOoOXOAHMO TIPHMCHATb CrelHaJIbHbIe 
BbIBOMHbIe IpOBosa Oovlblero AHaMeTpa. 





Pur. 2, 16, Kpenenve yrouibHuka 
B 6ecKapKaCcHOH KaTyliiKe: 


Il — HHTKH; 2 — AaKONOJOTHO; 
3 —- MpoBon: # — NpHNaATb. 





ro 
4 
Mur. 2,15. Borwogx dnaxKKom: 
i — KapKac; 2 -— HamoTKa, 3 — . z 
TanKn Ve aOR 6 = eno Pur. 2, 17. YronmbHHk MA BbIBONOB: 
TKaHb; 6 — UpHMaatTh. b — 3aroToBKa. 


B KaTyulkaxX C HaMOTKOM H3 BeCbMa TOHKOM npoBo.ioKu (quaMeT- 
pom 0,05—0,] mm) B uenNAX 3alIHTb] HapyKHbIX COeCB OT Me€XaHH- 
yeCKHX NOBpekseHHH nocheqHne 2—3 CJIOM HAaMOTKH MpOH3BOAAT 
Goee TOJICTHIM HpoBpoyom (nopsgzka 0,6 mm), KOTOpbIM H ocyille- 
CTBIA€TCA BbIBOJ KOHIa KaTYIlIKH. 

B) B GeckapKacHbIX KaTYUIKaX BbIBOJ OCyIIeCTBJIAeTCH rHOKHM 
npopoyom. Jina sToH weJIH MpuMeHsIOT rHOKHe KaGeJIH, ULeTOUHbIe 
NpoBoja — XKryTbl C HaeTbIMH Ha HHX JHHOKCHHOBbIMA TpyOKaMH, 
HJM ru6kKue Mpopofsa c KemOpHKoBOH H30NAuHeH. Ilpopoya Hayava 
HW KOHILa MpHnanBaloTcA K NpOBOAaM HAMOTKM HW YKPelliAlOTCA B Ka- 
TYLUKe CypOBbIMH HHTKAaMH. 

r) B 6eckapkacnbiIx KaTylukKaxX NPHMeHHeTCH elle HCNOeHHEe 
BbIBOJOB C KOHTAKTHbIMH YTOJIbHHKaMH. YPOJIbHHKH  BbILUTAaMMOBbI- 
BaloTCA H3 JIaTyHH, YCTaHaBJIHBaloTCA Ha HapyKHOH [OBepXHOCTH 
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KaTyWKH (fo ee OaHaxKUPOBKH) H yKpenaAtoTCA NOCpeACTBOM cypo- 
BbIX HHTOK (ur. 2,16). W30nsqua yroabnuKa (ur. 2,17) oT Hamor- 
KH OCYIMECTBIACTCA NOCpeACTBOM ABYX NMOJIOCOK H3 MUKanosOTHAa HAY 
flakonooTHa. K KOHTaKTHbIM yroJIbHHKaM NpHnauBaloTcA rmpopoga 
Havaia W KOHWa HaMOTKH, NpwyeM, ecm HaMOTKa NpOH3BO,HTCA 
MpOBONOKOH AMaMeTpOM MeHbiue 0,15 mm, cTaBATcA NpOMexX yTouHbIe 
MpoBofa AHaMeTpoM He meubine 0,25 mu. Moutaxuniii NpoBogx kpe- 
MTCA K YrOJIbHHKAM MOCpeACTBOM BHHTOB H raexk. 

XN) [Ipomexytounpie BprBogp KaTyWeK OCYULECTBIAIOTCA MpOBoso- 
KOH HAMOTKH, BbITITyCKaemol 13 KaTYUIKH B Bue Nets (6e3 pasppiBa 
o6moTKH). Koven neta oromnetes HK HeMYy NIpHMaHBaetTcA MOHTax- 
Hb MpoBog. [IpomexyTounpie BBIBOLHDIE MpoOBowa H30JIMpyloTcA B 
HaMOTKe MOJOCKaMH H3 JakKONONOTHA. 


2-8. OTJEJIKA KATYLIEK 


a) Buybt oTgenku. B npaktuKe npumensiotcs Pa3JIHUHbIe BHI 
OTAEIKH KaTyleK, BbIOOPp HX OllpexemHeTcA pexkHMOM SKCIJyaTalHu 
annapatTa, a Take H KOHCTPykuHel KaTyUIKH. 

KapkacHble KaTylKH pevie, cHa6xKeHHBIX SaKPbITLIM MbiJleHenpo- 
HHUaeMbIM KOMKYXOM H MpeAHasHayeHHbIX AIA yCTAHOBKH B 3aK PbITbIX 
CyXHX TOMCICHHAX, JONOMHHTebHOM OTWeMKe nocne HaMOTKH He 
nogpepratotca. Jia ydyuwieHua BHellHero BHAA TaKux KaTyllek Ha- 
Py*KHaH NOBEPpXHOCTh HX HAMOTKH OO6BepTbIBaeTCA TOHKHM cJoem 
JAKONOJIOTHA, C HEOOJbUIMM HAXJeCTOM JWIA CKTeHKH KOHILOB NOJIOTHA. 
HonomMutTeibHad oTZeNKa O6s3aTe/IbHa ANIA KaTYIleK peJle, He HMerO- 
UJMX KOMYXa, H MIA BCeX OeCKapKacHbIx KaTyulek. 

Pa3iMualoT culeqyioulve BUAbI OTAeIKH KaTyllek: 

Iponumxa kamywex nponutounpmu SJIEKTPOH30JIALHOHHBIMH  Jla- 
kamu. [Ipa mpomuTKe KaTyliek yyuluaioTcd KayecTBa NopucrTod u, 
B YaCTHOCTH, BOJIOKHHCTOH TBEpyOH H30IAUHH 92eMeHTOB KaTYUIKH! 
OyMaru, KapToua, NpAKH ~— WeKOBOK, xsonYaTOGyMaxKHoH H Ap. 
Tlocle MponHTKH Mopbl B H30JIALHH OKa3bIBAaIOTCA 3alOJIHEHHBIMH yoke 
He BO3AyXOM, 4 BbICOXINHM JlaKOM, OJlaroqapa 4emy yBesuunBaloTcA 
npoOuBHoe HanpsAxKeHHe HW TensONpoBogHoct, yYMeHbluaeTca Trurpo- 
CKONHNHOCTS H yJlyullaloTCA MeXaHH4eckHe CBONCTBa H3O/IALHH. 

I]ponutKa kaTymek o6bmaHo OCYNIECTBIACTCA NPH ONpeseeHHOM 
AaBNCHHH, MOpAAKa 7 am. Katyuiku c npoBponoKok HameTpom 0,9 um 
H BbIINe MOMKHO MPONMHTbIBATb H He NOX AaBuleHHeo. 

KomnayxOupoeka Kkamywex npouspoqutca NPOMHTOUHBIMH KoOMma- 
YHaMH pH Temnepatype 150—160° u nopu zaBnennu nopsayka 7 am, 
AKUAKUH KOMNAayH UpH NOBbILeEHHOL TemMnepaType H BHCOKOM slaBujle- 
HHH MPOHHKaeT B NOPbl H KanwJJApbl H30NALHH OOMOTOK, 3an0NHAeT 
TIPOMEXYTKH Me*KY NMpOBOIOKaMH, BCJIeACTBHe Yero KaTylKa MO.ly- 
4aeTCA B BHA€ MOHOJHTHOH Maccbl 6e3 nop. CosyaeTtca HagexKHoe 
MCXa@HHYeCKH NPOUHOe CHEMIeHHe MeKAyY OTACbHbIMA BHTKaMH. 4TO 
Oco6eHHO BaxKHO AIA KATyWIeK NepemMeHHoro TOKa, a TakxKe JIA KaTy- 
UleK MOCTOAHHOTO TOKa, paOoTalowlMx NpH NOBTOPHO-KpaTKOBpeMeHHOM 
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pexkume c GOombllol YacTOTOH BKJIOUeHHA. DB 93THxX cayuaaAxX NpH 
OTCYTCTBHH OCcTaTOUHOTO’ MeXaHHYeCKOrO CIEMVICHHA Me*KAy OT- 
JeJIbHLIMH BHTKAaMH MOryT NOABIATHCH KOPOTKOSAMKHYTbIe BHUTKH 
B pe3yibTaTe HCTHPanHa MEXKTYBHTKOBOM H30JIAUHH, BbISBaHHOTO 
B3aHMHBbIM NepeMelleHHeM MIPOBOJIOK MpH BKJIOUeHHH H OTKJIONCHHH 
KaTYUeK. 

KomnayHAupoBaHHble KaTyUIKH oOv1a,atoT BbICOKOH BaroctoH- 
KOCTbIO H CTOHKOCTbDIO TIPOTHB AelHCTBHA BOAbI, NapOB, KHCJOT H Ule- 
novel. BcenenwcTsve 3anowHeHHA KOMMayHAOM Mop H KallWJVIApoB 
TIOBbIUACTCA TEMIONPOBOAHOCTb HM30JIAUMH MO TOJIMMHE KaTyliek, 

[Ipouecc KOMNayHAMpOBKN KaTYIeK ABJIACTCA Ooee palHOHadib- 
HbIM, UM Mpollecc MpPONHTKH, 4YTO ONpeseAeTcA Cie AyOulHM. 

|. TIponurogupie aku cogeprkaT Oosbuloe KOMHYeECTBO JNeTYANX 
(nopayka 50—60%), BcsegcTBHe yero Np MpocymiKe KaTYWKH B HeH 
cOpa3yroTca moppl. [IponvtTounbie KOMNayHAbl o6layaloT BeCbMa He- 
3auHTeJIbHOH ycaKou, coyep2xaT B CeOe HESHAYHTEJIbHOe KOJTHYECTBO 
jleTyYHX, NOSTOMY KOMMayUANpOBanHad KaTyWiKa NoMyuaeTcA MOHO- 
JIMTHOH. 

9. KucaoTHocTh KOMMayHAOB 4pesBbl¥aHHO HH3KAa, YTO HCKJNOVAeT 
BOSMOKHOCTh paspYWICHHA XWONYATOOyMaKHOH H30JANMH MW OKNCJIC- 
HHA Meu OOMOTKH. 

Ilponumka KamyweK B TOpAYHX CMOMAaX, HO 6e3 WaBleHua. Takor 
HpOWecc TIPHMeHHM TOMbKO AMA OecKapKacHbIX KaTyilleK, He HMCIOWIAX 
TopueBoro Sanaa (pur. 2, 13). 

[loxpeimue aakamu, TloKkpoBHble Jak CiryKaT AWA o6pa30BaHHn 
Ha MOBepXHOCTH KaTYHIKH Me€XaHHYCCKH MPOVHOH MEHKH, MOBBILMAIO- 
ileli BNaFOCTONKOCTh H30JTUMH, CTOHKOCTh NpOTHB ACHCTBHA XHMH- 
YeCKH AKTHBHBIX PpeareHTOB, YMeHbIUalOuleH BOSMOMKHOCTb HPHCTaBa- 
HMA K KaTylKe MbWIH HW rpAsH, ylyyWmaloljel BHEWHHH BAA KaTylKH. 

Oco6oe 3HaveHHe HMeeT TPHMeHeHHe MHTMCHTHPOBaHHbIX NOKPOB- 
HbIX JlaKOB (MMMrMeHTHpOBaHHble 9MaJiH), COMepKallluxX B CBOEM COCTABE 
U3MCJIbYCHHbI B TOHKHI MOpouwloK HeOpraHHyecKHH HalloHHTeJib — 
HUrMeHT, MpHaiowul swakOBOH MeHKe onpefeeHHylo OKpacKy H 
YBeHUMBaIOWHH ee MeXaHHYeCKy!O MpOuHOCTh. 

Tlokpbitve JakaMv peKOMeHAYyeTCH MpHMCHATb B CJIeMYIOWHX Culy- 
YaAX: 

1) QI TOKOBBIX KaTylJeK H3 MpOBOJIOKH C xJomyaToOyMaxkKHoH 
H30J1A Hed ; 

2) yw KaTyleK, MpeABapHTeIbHO NOABeprHyTbIX NPONHTKe B 
actbasIbTOBbIX HJH acasIbTOMaCJIAHbIX JaKaXx , 

3) JIA KOMMayHAMPOBaHHBIX KaTylWeK, paOoTalolmux B oco6o TA- 
KEJIbIX PCKHMAX B OTHOWEHHH BHAA BHEIWHeH Cpefbl. OTH Ka- 
TYWIKH TIOKPbIBaIOT NHIMCHTHPOBaHHbIMH JlaKaMH. 

6) Mpoueccht oTeaku. Hue mpHBOAHTCA ONHCaHHe HECKOJIBKHX 
NPHMepHbIX MpOWeCCOB OTJEJIKA KaTYLWek. 

IT ponumka mokoeolx Kamywex UZ NPOBOAOKU C xaonuamobyMadic- 
HOt UZOAAYUetL NPOMSBOAUTCA YEPHbIMH aciasibTOMACJIAHBIMH JaKaMH. 
Ilepeg mponuTKo# KaTyWwKH NogBepraiotca cyllike NpH TemMepaType 
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105—110° B Teyenne 3 WaCOB, 3aTCM HM AalOT OxMaquTECA 70 60—70° 
H elle TenJbIMH NOrpykatoT Ha 4 yaca B cocyy.c maKkom. Tocse storo 
KaTYWKH PaCKaqbiBaloTca Ha 30 MHHYT Ha ceTKe WIA CTeKaHUA naka 
H 3aTe€M CHOBa NofBepraioTca cywiKe np TemMnepatype 110—120° 8 
TeyeHHe 10 yacops. 

ITponumxa kamywek u3 NPOGOAOKU C SMANe6OU Us0AARYUeLL OCy- 
HIECTBIACTCA NOX JaBJIeHHeEM B aBTOKJIaBe YepHbIMH acaJIbTOMaCJIA- 
HbIMH JIaKaMH, HE COfepKalluMH B ce6e B KauecTBeE pacTBOopuTens# 
GeH30/1a, paspymarolte MeHcTBytolero Ha 9ManeByio usonsaHIO. TTe- 
pe MPONHTKOH KaTyWIKH NporpeBaioTca B neu MpH Temilepatype 
65—80° B TeyeHHe 3 uacoB H 3aTeM NOrpyKalotcA B aBTOKMAB. 
B aBTokJlaBe co3qaeTca japslenne qo 7 am, KoTopoe Bbi_epxKuBaeTcs 
B TeyeHHe 5 MHHYT, 3aTeM JaBeHHe CHHMaeTca Ha 5 MHHYT HK CHOBa 
NOBbIMAaeTCA 10 7 am. BuijepxKa nox yaBleHHem nu 6e3 WaBJieHus 
(HIM TO] BakyyMom) NOBTOPACTCA TPH pa3a, Nocmwe yero KaTyLIKH 
BLITPy2KalOTCA H3 aBTOKJaBa, PacKJaybIBaloTca Ha 30 MHHYT Ha CeT- 
Kax JIA CTeKaHHA JlaKka W 3aTeM NosBepraloTcA OKOHYATeJIbHOL Cylike 
mpH Temnepatype 120° B Teyenne 36 yacos. Tocae IIPONHTKH Ka- 
TYUIKH MOKPbIBaIOTCA JIaKoM. 

Komnayxdupoexa kamywex c NpOBOACKOU U3 9MaAeBOli UZOARYUIU. 
Kapkacuble KaTyuIKH MOxKHO KOMIayHAMPOBaTb TOJbKO MpH CHATHIX 
TOPUeBbIX WaOax Hu 6e3 HapyKHOrO GaHaxa. Katywxku c 6eckap- 
KaCHOH HaMOTKOM MoryT no,BepraTbca KOMNaYHAHPOBKe B 3aKOHUeH- 
HOM Bue. ITponutounnili KOMNayHA NpexcraBsaeT co6oli 6ATYMHHO3- 
HyiO Maccy, No/lyaaeMyto H3 Hedru. Temnepatypa pasmarueHua KOM- 
nayHya 105—113°, npu Temiiepatype 150° macca cTraHosBuTca KY IUKOIt 
H OJHOpO,HOH. 

Becb mpomecc s3aksouaeT B ce6e CJI€yIOuUWe OCHOBHbIe cTalun. 

1. Honosuutenbuaa OaHaxKH poBka KaTyllek XJIONYaTO6yMaxKHOl 
N€HTOH (KHTepHo;). 

2. Cyiika B KOMMayHAupOBOUHOM KoTJe (6e3 KoMNayHfa) B Teye- 
HHe 3—4 uacoB, npH Temuepatype 110—120° npy HopManbHom jap- 
CHM, a 3aTeM B TeyeHHe 30 MHHYT pH Bakyyne. 

3. Tpennposounbit pexuM, saKmoualouiniica B TOM, 4YTO KaTYIUKH 
NOWBepraoTcad B KOTJI€ C KOMMayHAOM lonepeMeHHO jaBneHHIO B. 
7am B TeveHve 5 MHHYT, a 3aTem BakyyMy (740—750 mm) B Teuc- 
HHe TakOrO K€ BPeMeHH, NpH4eM STOT Mpollecc NOBTOpHeTCA NATD paz. 

4. Tlocne Tpexuposouoro pexnma KaTYIUKH BbIrpyKaloTtca H3 

KoTJia, HC HHX CHHM@eTCH BpeMeHHBI OaHqaxK c HauMnaMa Kom- 
nayHya. 
Ha Hamux sapoyqax paspaOoTaH mpouecc KOMMa YHA poBaHHa 
OaH aku poBaHHblx KaTyllek, pH KOTOpOM u36eraeTcH HeO6xoH- 
MOCTh HaKJaQKH JONOJHHTeEAbHOTO BpeMeHHOrO G6aHaxKa, npHMe- 
HAHCMOrO QI YCTpaHeHHA HaJIMNOB KOMMayHya WH OCTAaTKOB npHmeceli 
OHTyMa Ha NOBepxHOcTH roToROti KaTYyLUKH. 

B HOBOM Mpouecce 6uTyM 3arpykaeTCA.B BapOuHBIit KOTes nepe- 
NaBCHHBIM, TIPHMeHeHa CHelHaIbHad KOHCTPyKUHA KapKaca quia 
Sarpy3KH KaTylleK. QTOT KapKac HCNOJHEH TAK, 4TOOBI B npouecce: 
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nepeaBHBaHHA OATYMa M3 KOMNayHAHPOBOYHOLO KOTIa B BapOuHbiit 
OuTyM CTeKaJl C BepXHHX C/lOeB KaTyWeK, He Monaqad Ha HW KHHE. 

Hlokpbitve MOKPOBHbIMH JlaKaMH JI KOMMayHAMPOBaHHbIx KaTy- 
IeK MPOH3BOAUTCH TOJbKO NpH pa6oTe KaTyiveK B OCOObIX YCMOBHAX. 

[Iponumka 6e3 faBsJIeHHA B TOPAYHX CMOMAX NPOWSBOAMTCA NIPH 
vemnepatype 160°. Takofi nponuTKe MOxHO NosBepraTh OecKapkac- 
Hbie HeOaH{axKHPOBaHHbIe KaTYWIKH 3 MPOBOJOKH C SMaJIeEBOH H30- 
ALN en. 

Ilokpacka Kamywek Mpov3BOANTCA HJM NyJIbBepH3aTOpOM, HJM 
npoueccom okyHaHua. Kak mpaBuio, NPHMeHAOT NMOKPOBHbIe JlaKH 
BOSAYWHOH CYWIKH, HalpHMep, YepHble actaJibTOMACJIAHbIe JaKH, 
HMCIOULNe JWINTebHOCTh CYLUKH Ha BO3lyxe OKOsO Tpex yacos. Ilur: 
MCHTHPOBaHHble JlakKH TpeOyl0T Ne4dHOH CyLIKH. 


2-9. KOSIPOHUHEHT 3ANOJIHEHH A 


a) OGuHe onpexenenua. KosdputvexToM 3anOHeHHA KaTytKH 
({,,) Ha3bIBAaIOT OTHOWeEHHe CeYeHHA MefM KaTYWKH KO BCeMYy CeNeHHIO 
KaTYLUKH. Tak, ecm KaTyuika (bur. 2,18) amnHo /,, Hapy2KHbIM 
jquametpom D,, BHyTpeHHHM D, umeeT W 
BHTKOB C QH@MeTPOM MPOBOJIOKH, PaBHbIM d, 


a a ae 

LQG TO ceyeHHe mMequH KaTyWwkKH OyseT 
IN SS ° nd” 

ire 


qu = 7 Ww, 


Ceyennve BCeH KaTyLIKH 
(D, — D,) 


f _t_§; Qn = lg —> 
ak pak 2 


KosdpunneHT 3anouHenus 


Mur. 2, 18. Ceaenne Gq, nd 1 91 
KaTYytukH. hn = A 2D =D) ( ) 

Ip KOHCTpyHpoBaHHM KaTyWKM CTPeMATCH K MOJIYXeHHIO MaKCH- 
MaJIbHOrO 3HaYeHHHA f,. KOTOPOe 3ABHCHT OT CJIeMylOUAX PakTOPOB: 
1) H301suHH KaTYUIKH, 2) H30/MLMH HaMOTKH, 3) (popMbl ceYyeHHA 
NpOBOJIOKH, 4) NMpouecca HaMOTKH, D) pa3sMepoB MpOBOJIOKH. 

Hsoaayua Kkamyuku. B KapkacHol KaTytike onpeyeseHHbii O6beM 
ee 3AHAT H30TUHOHHBIMH MaTepHaslaMH Kapkaca, HapyXubim OaHfa- 
KOM; B G6ecKapKacHol — H3ONAUHEH KaTyWKM OT MarHHTONpOBOsa, 
TOPUEBOH H30/IAUNEH, Hap yKHbIM 6aH aKOM. 

Hsoanyua nemomKu, Onpesesentibid oObeM KaTyINKH 3aHAT H30- 
Iauneli OOMOTOUHOFO NpoBoOsa — IMaNeBOH, WeJKOBOH, x onuaTooy - 
MaxHol wav gpyrumn. Kpome toro, B page clyuaeB Me>Kiy COAMH 
NPOBOJOKH MPOKaAbIBAalOT H3OAALHOHHYIO OyMary, TakxKe 3aHHMalo- 
HLy!O ONpefeJIeHHbIA OObeM. 

Popma nposoaoku. [lpw BaMOTKE KBaApaTHOH MPOBOMOKH MOMy- 
yaeTCA GodlbluHh KOSPPHUHEHT SaNOMHEHHA, YM MpH HAaMOTKE KPyT- 
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ow. B npaktuke, oqHaKo, Kak NPaBHJO, NPHMeHAIOT Kpyrayto npo- 
BOMOKY H TOJIbKO MPH CeYeHHAX MpOBOVIOKH, MNpeBblmaiomux 10 m2, 
CTaBAT KBapaTHYo. 

Hpoyecc namomxu. B npouecce HaMOTKH B 3aBHCHMOCTH OT Cco- 
BePIWeHCTBa H@MOTOYHOLO cTaHKa HI KBaJM@uKanHN pabouero nomy- 
yaeTcA OOMbWIad HH MeHbulasd NIOTHOCTE YK1aQKUW NPOBOJOB, ITO cHJIb- 
HO CKa3bIBaeTCaA Ha BeHUHHe KOSdMbHuneHTa 3anomHeHHA, B 3aBHCH- 
MOCTH OT MIpollecca HaMOTKH NoJlyyaiotca CHETytwOmHe BUbI HAMOTKH: 

1) pa XOBaa, Korga BUTKH B OMHOM PAAY pacnoswoxKeupi nJIOTHO 
APy? K APyry, a BUTKH BbIllleNexKalwero paqa NeKaT TOWHO Haj BUT- 
KaMM HHKHErO (ur. 2, 19 b); 7 

2) WaxXMaTHag, KOra BUTKH 
BbIINeNeKallero pAa pacnooKeuni o 
B MPOMexkyTKaxX MeKIY BHTKaMH 
HHKHerO (pur. 2, 19a); 

3) RUKAaA, Korga BUTKH pac- 





NOWOXKEHbI PAaMH, HO Ges ToWHOL x 
YKJIaQKH HX. 
Pasmepet npoeonoku. Tipu a- 
JibIX CCEYCHHAX MPOBOJIOKH BesHUHHAa ur. 2, 19, Bugpi namorox: 
€€ H30JAUMH OTHOCHTeIbHO OoubtLe. @— waxmaTuan; b — pazosan. 


Tlostomy BelHunHa Koadxpunnenta 

SaNOJHCHHA KaTylIKH TEM MeHbIUe, YeM MeHbIIe AMaMeTp NpPOBOJIOKH. 
ClenyeT TakxKe y4uHTLIBaTb 4 TO OOCTOATE/IBCTBO, ITO IPH HaMOTKe 
KaTyWeK H3 TOHKOH MPOBONOKH HepexKu CaryyaH OOppiBa ee. B caa3n 
C STHM TpeOyeTcH cnalika KOHUOB 4 H30JIMPOBKa HX, TO, B CBOIO 
OuepeAb, SAHHMa€T JONOMHHTeEIbHO HeKOTOpOE NPOCTpaHCTBO B Ha- 
moTKe. Ilostomy B penectpoenun u36eraioT NIPHMCHEHHA TIPOBOJIOKH 
AWaMeTPOM MeHDIe 0,1 uv. Ho npw ucnonHenun KaTyllekK NOJApH- 
SOBAHHBIX H MarHHTOSICKTPHYECKHX pede MpHxo_UTCA NIPHMCHATb TOH- 
KYIO NPOBOJIOKy WHamMeTpom jo 0,02 mm. 

6) Kosddbuunent yKaanKu. Havilyyme pesyrntatel B OTHOMeHHH 
AOCTHKCHHA BbICOKOrO 3HaYeHHA BeAHUNHb KOSPPHUNEHTa s3anomHe- 
HMA NOMYYaoTcA Np WiaXMaTHOH HamoTKe. B 9Tom clyyae paccTor- 
HHe MeKAy CepeqHHaMu AByX COCeqHHX COeB (pur. 2, 19a) paBuo 


a 
x= / d; —— = 0,86 d,, (2-2) 


rye d,— HaMeTp mpopoyioxu c W300 Hen. 
Yuclo BATKOB KaTyIKH, TaKHM OO6pa30M, MpH waxmaTHol Ha- 
MOTKe Tloulyyaerca 





Aaly 
@w.,= 2-3 
1 0,860?’ ( ) 
B TO BpeMA, KaK YHCIO BUTKOB NpH pAyOBOH HaMoTKe COCTABJIAeT 
At, 
Y= re (2-4) 


a 


4 9. A. Cryneap 
49 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Orciona 


Wy | ron 
m0 1,16. (2-5) 

Takum o6pa30M, KosPuUweHT SallOuHeHHA MPH wiaxMaTHOH Ha- 
MoTKe JouKeH OpiTh Ha 16% Bplille, YM MPH pagoBol. OgHako B 
[pakTHKe peKO paCCUHTbIBAIOT Ha BBIMOJIHCHHe uwlaXMaTHOH HaMOTKH. 

IIpH pagoBoh HaMoTKe HeH36exKHO Nonakanve HEKOTOPbIX BHTKOB 
BepXHeroO pHa B MpOMeXKYTKH MexKy BHTKAMH HM>KHero, 4TO yBe- 
quunpaeT 4HCO BHTKOB KaTyWKH Ha 5—6%, HO STO YBeJHMEHHe 
aHHyJIMpyeTca NOy4alouHMHCA B Npouecce IpOH3BOACTBa HeH30exk- 
HBIMH HelJIOTHOCTAMH MexKy BHTKaMH OfHOrO pAHa. [lostomy B 
mpakTHYecKHX pacueTax Yy4HTbIBAeTCH pajopad HaMOTKa, MIpH4eM 
nOJyYeHHOe YHCO BUTKOB YMHOXKAIOT Ha KosqxpHUHeEHT yKaQKH R,, 
gyaueHHe KOTOporO KoseOeTCH B CJIeMYIOIWHxX Mpefevlar. 

R = 0,8—0,9 aaa aMuKOH HaMOTKH, 

k, = 0,9 —0,99 WIA pAOBOH, BhINOJHeEHHOM Ha aBTOMAaTaX H N0- 
jlyaBTOMaTAaXx. | 

Meubiuee 3HaueHue &, MpHHHMaeTCA AIA TOHKHX MPOBONOK. 

B) KoatpuunentT sanonHeHHs HamoTkH —f,. [pH onpefeseHHn 
ero YYHTBIBAIOT TOJbKO MpOCTpaHCcTBo, 3aHHMaemMoe HeMmocpeACTBeEHHO 

| oOMOTKOH — miomlayKa Ayl, (pur. 2,18). 
& CnelyeT MpHHuMaTb TakxKe BO BHHMa= 
HHe 3HayeHHe kKoappuuwnenta yKJaz- 
KH Ry. 

Suauenne f, OMpeweneTcA M3 CJe- 
WytOulHx COOTHOLICHHH: JWI HAaMOTKA 
6e3 mpoKsafoK (ur. 2, 20, a) 

Mur, 2, 20. CeaenHe HaMOTKH: nd? 

a — 6e3 NpokaagKn; b—c NpoKragKon. f Ca Re 4d : (2-6) 
1 





JiA HAMOTKH C MpoKlaqKOH yepe3 cnof (dur. 2, 20, d) 


fa = by a (2-7) 
wo 4 Ady (dy + 3)" 
rye d—uametp rosoh, a d,— quameTp H30JJHPOBaHHOH MpOBOJIOKH ; 
$— Touma SyMaxKHOH MpoKJaAKH. 
r) KoapduunenT 3anouaHeHHA KaTYUIKH. C yuetom Koappulnenta 
3anONHeHHA HAaMOTKH H KosdupHHenTa yKaAKH KOMpPPHUHeHT 3allOJ- 
HeHHA KaTywkH (dur. 2,18) onpemenuTCa CieAyIOWlAM o6pa3om: 


Ayly 
fr = Tag (2-8) 
H YHCIO BHTKOB KaTyWku OyzeT 
4hyl 
w= fr: (2-9) 


n) Mipaxtaueckve fanHpie. OObldHO Kalai MarHiTHan cHcTeMa 
BhINOJIHAeTCA JWI PasHbIX NpeseOB TOKOB H HanpaxKeHHi paboyed 
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KaTylKH. Tak, HallpMep, pele c KaTyWIKOM HanpsxKeHHA nocTOAH- 
HOrO TOKa BbINYCKaloTca ja padoTbl npu Hanpaxennax 24, 48, 110, 
220 @. | 

IIpH npeqBaputebHbIx pacueTax peje NpHHuMaloT BO BHUMaHue 
KaKOH-TO CpeqHHH KOSPDPHUHEHT 3anOAHeHHA; a 3aTeM Np OKoOH4a- 
T@JIbHOM pacyeTe KaTyWIKH QI WaHHOrO HaNpAxKeHHA 3HayeHHe STorO 
KosppuuUneHTa yTOUHAeTCH. 

Bpiay HeKOTOpOH HeonpegxeseHHOCTH sHayeHHs KosPpHLHeHTa 
ykaagki k,, 3aBycalero OT COBepieHCTBa mpolecca HaMOTKH, 
QA OnpeweswenuaA 3HayeHHi fy HW fx B MPpaKTHKe NOwJb3ylOTCA OMbIT- 
HBIMH AaHHbiIMH. B ta6auuax 5 w 6 mpuBeneHn! OnbITHBIe aHHble 
3aBoyqoB «KpacHan 3apa» wu X9OM3, | | | 
| | Ta6auya 5 
Onbitnbie jaHHbie saBoga «Kpacnaa Sapa» AJA onpexenenua f,, NpoBoroKH 

C 9MaJIeBOH HSOUSUHeR 
(HamoTKa 6e3 poKsagZ0K) 


Alvametp rosoh 
IIPOBOJIOKH, MM 


Tlwametp rosoi 


‘HeH 
NIPOBOJIOKH, MM Koappunnent / x 


Koahpunnenr f,, 


0,05 0,25 0,18 0,66 
0,10 0,48 0,20 0,685 
0,11 0,49 0,23 0,73 
0,12 0,51 0,25 0,76 
0,14 0,56 0,27 0,786 
0,15 0,58 
Tabauya 6 


OnpiTHpie Aannpe XIM3a aang OnpeweJeHaA KOSPPHUHEHTA 3anoNHeHHA 
KaTyWKH f, JIA NPOBOIOKH C SManeBOH HsOnaUuHel 
(KaTylUKa KapkacHaa) 


a a a a 


Hamorka ¢ pyysof nonayett Hamorka ¢ apTomatu- 
yecKoH nogayeil 


Jinametp i rr | 


rono# r r r r ? 
sein ar unpsa l'aansa apaMOvioae. apauDSrORS gaan: sao EOHE: 
QHAHHAPH- | TipaMoyroub-| Has, Npo- HaA, Opo- yecK an, Hada, po- 
uwecKan Hasna KJGAKH Tepes|/KMaAKw Yepes] NpoxNaaKka |KagaKa Yepes 
1 caoa 2 cron yepes | caoh 1 cnof 
0,05 — ~_ — 0,3 — — 
0,10 0,440 0,420 0,285 0,35 0,38 0,36 
0,15 0,495 0,475 — 0,39 — — 
0,20 0,535 0,515 0,350 0,425 0,48 0,44 
0,25 — — — 0,460 — — 
0,30 } — _ 0,385 ~— 0,54 0,37 
0,40 — | —_ 0,410 — 0,57 0,53 
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2-10. HATPEB KATYIWEK MOCTOAHHOFO TOKA 


HarpeB KaTYWIKH OnpesedneTcA MoTepeH MOLLHOCTH MpH MpoTe- 
kaHHu ToKa 1: P = /*r. | 

IIpeneibHad fonycruMai TemMMepaTypa HarpeBa KaTYUIKH Orpa- 
HHUHBAeTCA TelsOcTOMKOCTHIO H30IAUHH. Mocwequan XapakTepu3yeTcA 
Tol MaKCHMaJIbuoi TemmepaTypoli, BbIlue KOTOPOH HayHHaeTCa pas- 
pyilienne MaTepHadla WIM pesKoe yxyAmeiine Cro CBOHCTB, KaK-TO: 
peskoe MOHMKeHHe SeKTPHYeCKOH HK MeX@HHy¥eCKOH MpOYHOCTH 
WIM NporpeccHBHoe CTapeHHe MaTepHavla. B kaTylikax peJie IpHme- 
HAeTCH H30IquHA KJaccoB O u A. 

K xaaccy O OTHOCATCA OpraHH4eckHe H30/IAWHOHHBIC MaTepHadibl. 
XONOK, weJIK, 6Gymara. K 9ToMy #Ke Kaccy OTHOCATCA KaTYIUKH © 
OOMOTKOII H3 MpOBOJOKH ¢ 9MaseBOlh H30sAUHeH, cHaG2KeHHbIe Npo- 
KlalKaMH H3 HelMpomuTaHHOH Oymarn. 

K xaaccy A oTHOCATCA OpraHvueckHe MaTepHaJIBI: XJIONOK, WepCTb 
uH OyMara, MpOmvTaHHble HJM NOrpyKeHHble B MaCJlO, a Take 
9Masiepaa H30/msuua. Tlo cyHiecTBYIOIMMM HOpMaM JOMlyCcKaloTca CJe- 
Iylouve NpefeibHble TeMMepatypbl: K1acc QO — 90°, Kaacce A — 105°. 

StH JaHHble OTHOCATCA K OpraHHYeCKHM H30JIAUHOHHBIM MaTe- 
pilagiaM, BbijlepoKuBalouldM O6e3 ocTyMa Bo3qyXa H Bar CPOK 
cayKObl OT 7 Jo 15 eT (B cpeqHeM CUHTAIOT 10 net). I[Ipu npesst- 
WICHHI YKa3aHHbIX TemmiepaTyp Ha 10—12° cpoK ciyxKObIl yMeHb- 
WaeTCA BBO. 

B psye alimapaTop fia KaTylleK H3 NPOBOJIOKH C H30J1AIHeu 
Klacca A lipejesbHylo TeMiepaTypy HarpeBa NpHHHMAaIoT paBHol 120°. 
Takaa MOBbIWeHHad TeMlepaTypa olyckaeTcA Aula CJTyuaeB, Kora 
KaTyWKa MoyBepraeTcsH KOMMayHAHPOBKe, MpH KOTOPOH H3OJISLMA Ka- 
TYIIKH H HAaMOTKH MIpOMHTbIBaeTCH CMOJOH, BCe TpoMexKyTKH Mex 
H30JINLMeH TakoxKe 3aMOsIHSIOTCA CMOJIOM H KaTYWIKa CTaHOBHTCH MO- 
HomnTHOH. TipH TakuX YCJIOBHAX, eCJIH H30JINUMA NpH HIOBbILECHHOH 
TemMepaType HarpeBa H CTaHOBHTCA XpyNKOH, KaTyWKa He BbIXOAMT 
H3 CTpOd, Tak Kak H30/ailuA He paspylllaeTCA M€XaHHMeckH. IIpu 
TIDHMeHeEHHH B KaTYWIKe H30/1INUHH M3 CTeKAHHOH TIpsKH H Tpo- 
NUTKe KaATYIUKH CMieiHasibHbIMH KOMNayHaMH, HallpHMep KPpeMHe- 

“opraHHyecKHMH CMOJiaMH, MpefebHad ONyCTHMan TeMlepatypa 
HarpeBa MoBbiiaeTca 0 175° A Bille. 

IIpH mpotekanuu TOKa / B TeyeHHe fOCTAaTOYHO GoJIbluOro Mpo- 
MexKYTKA BPeCMeHH B KaTYyWKe yCTaHaBsINBaeTCA ONpewevenhad TEMIIe- 
patypa, Mpwvem TemMMepaTypa BHYTDH KaTYUIKH HECKOJbKO BBIIC, 
uem Ha ee nospepxHoctu. Ha durype 2, 21 npuBeyeHa NpHMepHad 
KPHBaA paciipefesieHHa TeMNepaTypbl Mo CeyeHHIO KaTYIUKH. Makcu- 
MasIbHad TemMnepaTypa Modlyuaetcd MpHOJM3HTebHO Ha paccTOAHHH 
1/, OT Hauadla KaTYLIKH. 

CyulecrByeT H€CKOJbKO MeTOJOB H3MepeHHA TeMMepaTypbl Ha- 
rpeBa KaTyWwKH. Han6osee TouNble AaHHbIe NOMyyaloTcA NpPH OMpete- 
NeHHuH TeMilepaTypbl HarpeBa C MOMOMIbIO TemMepaTypHbIx JETeEKTO- 
pop (TepMONap), 3a1OKeHHDIX BHYTPH KaTyUKH B PaSHBIX MeCTaX 
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€€ HaMOTKH. OTOT MeTO, NPHMeHHM TOJIbKO B Na6OpaTOpHbIX yCJO- 
BuAx. M3 npakTHueckHX MeTOJOB H3BECTHbI MeTOA CONpOTHBJeHHA H 
MeTOX TepMOMeTpa. 

Metoy, cOmpoOTHBAeHHA OCHOBaH Ha H3MeHeHHH YAebHOrO conpo- 
THBJIGHHA MeQH C yBeJiMyeHHeM ee TeMIIepaTypbl. STO u3meneHne 
MIpOHCXOAMT NO AHHeEHHOMy 3aKOHy. Onpegesisior compoTuBsenne 7, 
KaTYIUKH B XOJOMHOM COCTOHHHH IIpH TemIlepatype oKkpyxalouleli 
cpezbl 3, H 7,—B ropsyem co- : 

CTOAMHHH: 


ry =o (1 + 4,); 

To, = To (1 + 28s). 
Syecb f9—cCOnpoTuBeHHe mpH 
Temliepatype 20°. 

Ilo OTHOWeHHIO conpoTHBue- 
HHH fy HW fg MOXKHO OpeyenuTh 
Temllepatypy %, HarpeBa KaTyUI- 
KH. IIpH mMeToye conpoTuBlenua 
NOWyuaoTcA aHHble, OTHOCA- 
uHecH K CpeqHeH Temnepatype 
HarpeBa, HeCKOJIbKO MeHbIUel 
M&aKCHM@JIbHOH. 

Ilo meToxy TepMometpa H3- 

MepsaioT TemMepatypy Ha HapyK-  gyr. 2, 21. Pacnpenenenne TeMneparypbl 
HOH MOBEPXHOCTH KaTYLIKH. Pe- MO C€4YeHHIO HaMOTKAH. 
3YJIbTaTbl H3MepeHHA TakxKe n0- 
JyvaloTCd 3aHH2KeHHBIMH TO CpaBHeHHIO C MAKCHMaJIbHOM Temmepa- 
TYpOH BHYTPH KaTywKH. Ha ocHOBaHHH ONBITHBIX JaHHbIXx yCTaHOBJleHa 
PasHHIla MeoKAy W3MepeHHOK H MaKCHMA@JIbHOH TemMepatypoul KaTyWKH 
(cm. Ta6a. 7). 





Tabauya 7 


/lonycTHMble 3HaYeHHA HarpeBa MW MpeBbiUeHHA TemnepaTypi B °C 
(np 3) = 35°) KaTyuieK peue 
eee 


A xomnayHyupo- 














Kaace O Kaacc A ze es 
‘  Metoa w3mMepenna 7 TIPeBbI- = TIpeBEI- TIpeBHI- 
- HIeHHe leHHe _ {| menHe 
dl ie Temnepa-| "arPcs Temnepa- | Harpes Temmepa- 
TYpbl TY pbl TYPhi 
ee ee ee ey a i ee re ee ce 
TepMomeTpom HH 
TepMonapoH .. 90 45 105 60 120 65 bg 
ConmpoTHBAeHHaA . . 90 55 105 70 120 85 


Tipu pacuete kaTyliku HeOo6XO,MMO IpHHHMaTb BO BHHMAaHHe ele 
sHaveHHe TeMMepaTypbl OKpyxaloulel cpefbl, yIHTbIBAad HAaMXyAWHE 
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ycnopun. Flo HopMam Takas TemmlepaTypa %) TIpHHATa paBHOH 35°. 
Jina paGoTsI annapaToB B CMelHaJIbHIX YCJIOBHAX, HallpHMep Ha 
MOPCKHX cCyJaxX, B NpOH3BOCTBaxX C NOBbILeCHHOH TemMnepaTypoH 
OKpyxXatoilefi cpefbl, NPHHHMAIOT Yo = 40°. 

B ta6suue 7 NpuBo_Atca WaHHble AONYCTHMbIX 3HaveHH HarpeBa 
KaTywkH (d<) H NpeBpliuenia TemnepaTypbl 8 Cc yueTOM $9 = 35° 
ia Kuaccop u301nuHH On A 

[IpH pacueTe KaTyUleK MONb3y!OTCH AaHHbIMH AONYCTHMBIX SHA: 
WeHHii NpeBbIeHHA TeMnepaTypbl MO MeTOAy CONPOTHBJICHHA. 


2-11. TEMJIOOTHAYA KATYLUEK NOCTOAHHOrO TOKA 


a) OOujee ypasHenue. [Ip ycTaHoBuBleMca HarpeBe BCe TIO, 
ppilemsemMoe TOKOM B KaTylWKe, NepexoJuT B OKpyXKalolllylo CpeAy. 
Mepexog Teta ocyilecTBIdeTCA PasHYHBIMH MyTAMH: JydeHCnycka- 
HHeM, KOHBeKUHeH H TeMJIOMPOBORAHOCTbIO OT BHYTpeHHeH MOBeEpXHO- 
CTH KaTYWKH K CTaJH MarHHTOMpoBosa. SakOHbl Nepesaun Telia 
WIA KaxkOrO H3 YKa3aHHbIX BAJOB Pa3JIHUHbl. Bemnuuna TensOOoT= 
aun KaTVUIKH OMpeyesetcA pasMUHbIMH akTOpaMH. 

Tenjonepeqaua c BHYTPeHHeH NOBEPXHOCTH KaTYLIKH. B cucTemMax 
MocTOAHHOrO TOK& MAPHHTOMpOBO, He HarpeBaeTCAH BHXPEeBbIMH TO- 
KaMH uw nloTepamu na ructepesuc. [losTomy B TaKHx CHcTemMaXx CTpe- 
MATCH K YMeCHbUICHHIO TOJHHbI H3ONAUHH MexKAy MeAbIO HaMOTKH 
W cTalblo, GularogapaA yemy yBesHyHBaeTca KOS PuuUHeHT TeMMVONpO- 
BORHOCTH OT BHYTpeHHeH NOBEPXHOCTH KaTYLIKH. 

Havumenee 6aronpuHATHble yCcJOBUA NOsyyaoTcH B STOM OTHOUIEe- 
HWH Y KapKaCHBIX KaTYIeK, B KOTOPbIX HMeeTCA OTHOCHTCJIBHO 
6ObUIOH 3a30Pp C MAJIOH TeNMJONPOBOAHOCTbI, OMnpefseAeMbIH TOJILLH- 
Holi KapKaca HW HadMuHem HeOosbUOrO BOSyINHOTO 3a30pa MeHKAY 
KapKacoM HM CTaJIbi0. Corsiacuo OMbITHBIM JanHbim XOM3a, HasmuuHe 
BO3AyWHOrTO 3a30pa B 0,25 MM Ha CTOPpOHy yMeHbitlaeT TeMonepe- 
yauy KaTyuiku Ha 8%, a 3a30p B 0,0 mM — Ha ee 

Jlyuwne ycuopua TenonepeqauH MouyualoTcA B GecKapKacHblx 
KATYIUKaX, Y KOTOPbIX TOJIMMHa H30JAIHH MeHbIUC, TEM B KapKacHblx. 
Eme Gonee OnaronpHATHbIe yCOBUA TennonepewqayH HMelOoT MECTO B 
OeckapKkacHblX KaTYUIKaX, HAMOTAHHBIX HEMOCPeACTBEHHO Ha CepAel 
HUKe M@rHHTHOH cuctembl. B TakiuxX KaTylKax Terwionepeqada NOBbI- 
maetcn Ha 10° no cpaBueHuio ¢ KapKacHoH. | 

B cneTeMax NepemeHHoro TOKa, re cepAedHHK HarpeBaeTcA OT 
BHXPeBbIX TOKOB H OT NOTePb, Ol/pefe/IAEMbIX THCTEPe3HCOM, KaTYUIKa, 
Kak MpaBHJlO, HCIONHAeTCH KapkacHOH, YTOOb! yCTpaHHTb Nepefady 
Telia OT cepleqHHKka K KaTylike. Bo WHAYKUMOHHBIX pesie acto 
ipHMeHsOoT GecKapKacHble KaTYWIKH, TaK Kak HHAYKOMA B MarHHTHbIX 
CHcTeMaxX TaKHX peJie HeBeJIHKa H MarHHTONpOBOA HarpeBaeica He- 
3HaYHTebHO. , 

Bauanue omdeaku xa menaoomdauy. Tipu mpomntTKe kaTywek 
TerlmooTyaua NOCAeAHHX MoBbiluaeTcA Ha 3—4%, UpH KOMNAayHAH- 
popke Ha 8—10%. 
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Baunnue pacnoaosenun xamywxu, Ha Tennoorgayy KaTyuiKu 
BIHHeT ele PAX yCJOBHH, ONpezesMemMbIX pacnosoKeHHeM KaTYLWKH 
B MaTHHTHOM CHCTeMe, HaJIH4HeM KOMKYyXa H ApyTHMH NpHyHHaMK. - 

TouHoe onpeyesenue KoutuyecTBa Tella, OTZaBaeMOro KaTYIKOH, 
CBA3aHO C BECbMa FPpOMO3AKHMH pacyetamuH. Tlostomy Bp npaKkTHuecKHx 
pacueTaxX NOJIb3ylOTCH YUPOMWeHHOH dopmysioh, KoTOpOH yunTpiBaeTcA 
TOJIbKO ABJICHHE KOHBeCKUHH. Takoe ynpomeHHe MpHHATO No cyie- 
AYIOWWHM coo6paxkeuusanM. 

1. [Ip ornocuTetbHo HeGonbuIHx TemMMepaTypax Harpesa, jony- 
CTHMbIX AIA KaTyWKH (100—120°), kKonuuecTBO Tena, OTBOAMMOTO 
JIyYeHCNyCKaHveM, HeBeJIMKO, UH STOT Npowecc paccmaTpHBaeTcH co- 
BMeCTHO C KOHBeKHeH. , 

2. Tounniii yyeT KOsMYeCTBa Tella, OTJaBaemMoro TerOMpoBOL- 
HOCTbIO OT BHYTPeHHeli NOBeEPXHOCTH KaTYIIKH K MarHHTOMpoBony, 
BeCbMa SaTPyAHHTeleH, HW STOT mpouecc TakKe paccmaTpuBaetca 
COBMeECTHO C ABJICEHHeEM KOHBEKWMH, QIN Gero B COOTBETCTBYIONHX 
COOTHOIMCHHAX BBOAKTCA BeIHYHHAa BHYTpeHHell MOBepXHOCTH Ka- 
TYIUKH. , 

TakuM o6pasom, TenJlooTfagy smygevcnycKanwem, TensonpoBog- 
HOCTbIO H KOHBeKUHeH OObeAHHAIOT H C yOcTaTOUHOM ToUHOCTbIO 
NIpOH3BOAAT NO_CGeT NO ypaBHeHHIO 


Dr = yS0, | (2-10) 


rye p-—KOSPPHUHEHT TenOOTAaqH, BbIPaKeHHbI B BaTTax Ha cm? 
Ha rpanyc; | a 

S—NOBepXHOCTh OXJaxKMeCHHA KaTyUIKM (HapyKHaa w BHYTpeH- 
HAA) B CM; 

§ —NpeBbileHve TemNepaTypbl KaTYUIKH, NpeycTaBssmtomtee coboli 
Pa3HOCTb Me*KAY CpeqHeH TemMMepaTypoH HaMOTKH H TemMMepaTypoit 
OKpyxaioleH cpegpl. 

6) Mosepxnocts oxnaxkaenua Katyuku. IIpu onpeyenenun no- 
BEPXHOCTH OXJIaKACHHA KaTYWIKA Y4HTHIBAIOT, KaK [paBHJIO, TOKO 
BHYTPeHHIOW) H HapyXHylo ee mopepxHoctu. TensooTgzaya c topos 
KaTYWIKH HC3HAYHTeJIbHa BCJIEACTBHe HaNH4YHA Yy TOPMOB OTHOCH-~ - 
Te€bHO TOJCTOrO COA H30/1AWHH MeKAyY MeQbIO HaMOTKH H OKpy- 
2KAaIOWHM BO3AyxOM. Kpome Toro, KaTyINKH pacnowaratoTca O6bIdHO 
B M@rHHTHbIX CHCTeMaxX TaK, 4TO TOpueBbIe. MOBeEPXHOCTH He yu4a- 
CTBYIOT B OTMaye Tella KOHBeKuUHeR. 

IIpH vcnomHenHnH KaTyleK c MeTaqMuecKuM KapKacoM cJeqyer 
YAHTbIBATh TenNOOTAaYy OT Me HAMOTKH K MeTaJlIy KapKaca HC 
TOPLOB KaTYWKH. 

VimeroTcd, OMHAKO, MaPHHTHble CHCTeMBI C pa3BHTbIMH NO jMa- 
MeTpy KaTylwkKamH. B STHx cayyaaX y4HTHIBaIOT TelooTAayy Topile- 
BLIX NOBEPXHOCTeH KaTYLIKH. 
asa Kpyrapix KaTywek 


S = (Dy + De) I, 1078 (em). (2-11) 
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D, +D 
Tak Kak cpequaa aiMNa BATKa Lop = ca a MM, MOX%KHO HamlWCaTb 
S =2 Lp Ip 107% (cm?) (2-12) 


(lop, Ex, Du WD, MpWHUMaIOTCA B MM). 
STo »*e cooTHoleHHe (2—12) ocTaeTca B CHJle HM AA NpsMmo- 
VFOJIbHBIX KaTywek. [IpH HaJIHYHH MeTaJIHYeCKHX KapKaCcoOB 


Sy = Sy + Se + Sm, (2-13) 


rue S,, Se, Sm—COOTBETCTBEHHO MOBepXHOCTH KaTYLIKH — Hapyx- 
Has, BHYTPeHHAA HM TOpueBad. 
B) Mpesbisienve Temnepatypbl. SnaueHHe 8 onpefetaeTCH Kak 
pa3HOCTb 
9, — 30 = 0. (2-14) 


BenuuHHbl JONYCTHMbIX IIpeBbIeHHH TeMMepaTypbl TpPHBeeHbI B 
ta6nue 7. [Ipu pacueTte KaTylIKH CTpeMATCA K NOJyYeHHIO 3Ha4ye- 
Hun 6, HeCKOJIbKO MeHbUIHX (Ha 5—-10°), vem JOMycTHMble, 4TO Je- 
jlaeTCH C YYETOM Pa3JIH4HbIX, BOS3MOMKHBIX B MPOH3BOACTBe, OTKAOHE- 
HHH B HM3rOTOBJI@HHH KaTYIUKH. 

r) KosddpunvenT Tensootzaun, . SHaueHne p oOlpeseaneTcn Ha 
OCHOB@HHH OMbITHDIX JaHHbIx. Tak, ycCTaHOBJIeHO, 4TO JIA MaTOBOH 
yYepHOH MOBepxHOcTH pp = 12- 10~4-+-14.- 1074 (em/cm? °C). 

IIpu pacuere KaTyllek NIpHHHMaloT HeCKOJIbKO HHble 3HaueHHA, 
B KOTOPbIX YUHTbIBAeTCH HeKOTOPAaA BeJIMYHHA TeNJIOOTMayH OT BHy- 
TpeHHeH MOBeEPXHOCTH KaTYIUKH. OSHayeHHe jf HaXOJHTCH B 3aBH- 
CHMOCTH QT lIpeBbIWeHHA TemNepatypbl, CTeneHH H30AAUHH BHYTpeHHeH 
MOBEPpXHOCTH KaTYIIKH OT CTaJM HM OT OTZeNKH KaTyikH. [Ipaxtn- 
yeCKH B OTHOWCHHH CTeNe€HH H30NAUHH HAMOTKH OT CTaJIH pa3JH- 
yaloT {Ba HCIOJHeHHA: 

1. MarHvTHble CHCTeMbI C XOpOLleH TeNnJIOMPOBOHOCTbIO OT MEH 
KaTYIUKH K CTaiH. Crogqa MoryT ObITb OTHeECeHbI OeckapkaCHble He- 
6aHaKHPOBaHHble KaTYLUKU, OecKapKacHble C HAMOTKOH Ha Cepxeu- 
Hike. 

2. MarHuTuple CHCTeMbI C TWIOXOH TeMJIOMPOBOAHOCTbIO OT MeAU K 
cTau. Crofa MoryT ObITb OTHECeHbI KapKacuble, GecKapKacuble OaHAa- 
2KHPOBAHHble, CBOOOJHbIe KaTYWWKH (6e3 CTavJIN). 

Tipu KOMNayHAMpoBKe KaTylWleK NowyyaoTca MAyuwe yCAOBHA 
TEIMONPOBOAHOCTH OT OoJlee HarpeTbIX CJIO@B HAMOTKH K MeHee Ha- 
rpeTbiM, MosTOMy 3HayeHHe pt MopbiiilaeTcA Ha 7+-8%. B TaOmuue 8 
Jlanpl = f(6), MowyyeHHble Ha OCHOBaHHH pda SKCIepHMeHTOB C 
Ppa3JIHYHbIMH BHAaMH KaTylek. 

B Ta6nuue 8 mpvHATO 3Ha4ueHHe 9 NIpH TemMnepaType OKpyx«alo- 
mel cpeqn 35° (8 =%,—35). Ukana A oTnocutca K KaTyllKam 
¢ xopomel TeMJOMpOBOAHOCTbIO OT HaMOTKH K CTasv, Wkata B— 
C NJOXOH. 


Tpumep. Onpefzenutb JonycTumble moTepH (B 6m) KapKacHOH KaTylIKH 43 Mpo- 
BOJIOKH C 2MaeBOH H30J1AWHeH. 
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Pasmephi KatymKu: J, = 120 um, D,, = 60 au, D, =20 um. 
} Tlopepxuocth oxaxrenna 302 cw. 
IIpHuumaem: 6 = 70°, no mwkase B: 


» = 10,99 - 10-4, P = J*r = 10,99. 10—*. 302. 70 = 23,1 em 








Tabauya 8 
Suauenna pv. = f (6) 
9° UIlkana A, Wikana B, 
emfcm? °C em/cm*® °C 
i ee 
40 11,00 - 10-4 9,84 - 10-4 
45 11,20 - 10-4 10,01 - 10-4 
50 11,41 - 10-4 10,19 - 10--4 
55 11,62 - 10-4 10,37 - 10~4 
60 11,80 - 10-4 10,54 - 10-4 
65 12,04 - 10-4 10,72 - 10-4 
70 12,25 - 10-4 10,99 - 10-4 
75 12,46 - 10-4 11,47 - 10-4 
80 12,68 - 10-4 | 11,35 « 10-4 
85 12,89 - 10-4 11,52 - 10-4 


A) OnpeyenenHe tpe6yemoi nosepxHoctu oxnaxkrenna KATYIKH, 
/l1a ObicTporo pacyeta u MNpOBepKH MaHHbIX KaTYWKH Ha DpakTuKke 
NPHMCHHIOT HECKOJIbKO YIIpOMeHHbIH MeTOA, MOJb3yACb ONbITHHIMH 
AaHHBIMH, B KOTOPbIX YKas3blBaeTcH NoTpeOHoe YHCJIO KBapaTHblx 

' CAHTHMETPOB HapyKHOH NOBePXHOCTH KaTYIIKH Mp ycoBHH, TO: 
IpeBbIIeHHe TeMMepaTypbl €e He MpeBOCXOAHT HOpMBI. | 
B ra6mnue 9 TpHBegeubl OMBITHBIe AaHHbIe WIA KapKaCHbIxX Ka- 


TyeK. 
Tabauya 9 


MorpeGuoe ycao KBaypaTHEIx CaHTHMeTPOB HapyKHOM MoBepxHOCTH oxNaKeHUs 
Kapkacubix KaTyuleK Ha 1 eft NOTepb 


eS 


HsonauHA NPOBOAOKH 





OTHOWIeHHeE JAHHbI 








cee romaine [Eas OM] pone, | aati 
ee SRE SRNR AN 
1,,/hy, > 2 14 12 10 
L/My =! 13 ou 9 : 
L Mg <1 » Ae —_ 10 
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Hpumep. Onpereiutb JonycTHmble MoTepH (B em) KapKacHOM KATYIWIKH 3 
{IPpOBONOKH c aMayeBOH H30/AlHeH C pasMepaMi, yKa3aHHbiMH B MpeAbiAyuleM 
cIpHMepe: 


Lally, = Ag =O; Sy, = FO + 12 = 226 cmt 


Cyntan, To Ha 1 em noTeph Tpebyetca 10 cw® HapyxKHOK mopepXHOCTH 


OxNaxKeHun, onpelesHem, TO Ai JAHHOW KaTYIUKH JOMYCTUMbIe NOJIHbIC noTepyu 


‘DABHBI 096 
(27 = ——-= 22,6 em. 
10 
PesyspTats! mpH6nMxKeHHoro noscdeTa 6NH3KH K ZaHHbIM MpezblAyuero Ape 
mepa. 


e) Bausne cnoco6a HaMOTKH Ha TeNMOOTAaYy KaTYUKH. M.T. Ko6s 
JI@HH MpoBel HCCeOBaHHA HarpeBa KaTVIUCK KOHTAKTOPOB NOCTONH: 
Horo TOKa lIpH pa3Hbix chocoOaxX HaMOTKH KaTyUIKH: 

1) 6eckapkacHoht 6aHa2KHpOBaH HOH ; 

2) GecKapKacHOH, HaMOTAHHOHM Ha ctambuoh Tpy6e (tpyOa Haje- 
paeTCH Ha Cepfe4HHK MarHHTONpoBona); 

3) GecKapKaCHOH, HaMOTAHHOH HemOcpeACTBeHHO Ha CepAeuHHKe. 

B pesylbTaTe mpofxelaHHoli paOoTel ycTaHOBAeHbI pasHble 3Haue- 
HHA MpeBbIWeHHA TeMMepaTypbl Aid yKaSaHHbIxX TpeX BHOB KaTYUIeK. 
Ha ocHosaHun pe3ypTaTos ucmpitanui M. T. KoOnenu npeasaraet 
cnegyioulyio (popMywly OMpegedienua MNpespilleHHa TeMMepaTypbl Ka- 
TYWeK: 


P= 4 (Sy + aSe) 9, (2-15) 


rye S,,— Hapy2kHan MOBEPXHOCTh OXNaKHeHHA, 
S, — BHYTPeHHAA MOBEPXHOCTh OXJaKTeHHA, 
a& — KOSPDPHLHEHT. 
[lo aHHbIM HCCefOBaHNA MOJIyYeHb! CJIEAYIOUIHe Pesy/bTaThl. 
pH MpeBbiluenHH Temnepatyppi 8 = 80° 
win OeckapKacHoH 6an jak pOBaHHOH a = 0,9; 
Wid KATYIUKH, HAMOTaHHOH Ha Tpy6e, a=1,7; 
Jd KaTyUIKH, HaMOTAHHOH Ha CepfeuHHKe, & = 2,4. 
PesyibTaTbl HCCJIeqOBaHHA CoBNahaioT C AaHHBbIMH Ta6nuubn 8 
aa cmyyan OeckapKacHoH OaiaxkupopanHoli KaTywika. TaK, Oo 
3Toli TaduMle m0 wKase A umeem np 6 = 80° u yuete S = Sy + S, 
3HaueHne p = 12,66- 107%. 


9-12. HAFPEB HW TEMJIOOTHAYA KATYWEK NEPEMEHHOrO TOKA 


TIpupezennble BbIle LaHHble AJA ON|peweeHHA MpeBbIWeHHA TEMNe- 
paTypbl KaTYWeK MOJy4eHbl Ha OCHOBAHHA aHaJlH3a SKCTEPHMCHTadb- 
HbIX MATepHaJIOB HCCJIeQOBAHHA MarHATHbIX CHCTEM NOCTOAHHOTO TOKA. 
IIpH onpefeneHHu MpeBbilueHHA TeMNepaTypb! KaTyWek nepemMeHHoro 
ToKa pelveHHe 3afa4H HeCKOJIDKO yCJOMKHAeTCA, TAK KaK B MarHuT- 
Hol cHcTemMe TepemMeHHOro TOKa CTaJib Ma@rHHTONpOBoa AONOHH- 
TeJIbHO NOMOrpenaeTcA NOTePAMH OT BHXPEBbIX TOKOB H PHCTepesHca. 
[IpepbillieHve TeMMepaTypbl CTa/iH MarHHTOMpOBoAa HeCKOJbKO HuKe 
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NpeBbIeHHA TeMNepaTypbl HaMOTKH, NMOSTOMY AIA ynpoulenua sga- 
Haud CUHTaIOT, 4YTO MAarHHTOMpOBOA He MOOrpeBaeT KaTyIKy, a C 
BHYTpeHHeH MOBePXHOCTH KAaTYWKH HeT OTJa4H Tela MarHHTo- 
NIpOBOLy. | 

Zl pacueTa KaTylulek NepeMeHHOroO ToKa NpaKTHYeCKH NOMb3YIOTCA 
OCHOBHbIM ypaBHeHHeM HarpeBa (2—10): P=pS6. 

_Upwaumaiot P kak cyMMy Bcex MoTepb B MarHHTHOM: cucTeme: 
B OMH4YeCCKOM COMPOTHBJIeHHH, Ha FHuCcTepesHc WH BHXpeBble TOKH, a 
TakKKe B KOPOTKO3AMKHYTHIX BHTKaX (9KpaHax), CCIM 3TH BUTKH pac- 
‘TMOJOXKeHbI HelocpeycTBeHHO y KaTywKH: P, = P, + P, + P, + P,. 
KospPHUveHT TensooTAayH }. ONpefsensioT no wkate B ta6nuuE 8 
(aia KaTyWeK C MOxoH TenooTAayei OT BHYTpeHHel NMOBepXHOCTH). 


2-13. COMPOTHBJIEHHE HAMOTKH 


O6mee Bbipaxenne conpoTusaenna 
l 
r= P~ ws 10-3 om, (2-16) 


rye lo, —CpeqHAA AIHHa BHTKa B MM; 
q—ceyeHve roJloH MpoBOOKH.B uM, 


nia Kpyrao# KatymxKu (pur. 2, 22a) 


D D 
lop = = , (2-17) 


rye D, u D, pHHATE! B mM. 
Had UpamoyrompHol KaTyuKu (pur. 2, 225) 


Loy = 2 (my + mg) + (2r + Ay). 7 (2-18) 


@ur. 2, 22, Pasmeppl HaMOTKH. 





IIpH pacueTe KaTyWIKH CieqyeT NPHHHMaTb BO BHHMAHHe sHaye- 
HHe p IIpH MOBbILeHHOH TemNepatype. Tak, ecaH KaTyWwKa Hcno.u- 
HACTCA C H30HWMeH Kacca A, CHeAYeT \YHTIBATh Pjo5. 

TemnepatypHbii KoadpulveHT Mea B npegenax - HarpeBa oT 
10 go 100° npwnumaetca pay 0,0393. Jaa nposoguuKoBolt MeqH 
NOAbSYIOTCA SHAYEHHAMH Pp, IIPHBeMeHHbIMH B TaOsInue 10. 
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Tabauya 10 
Snavenua p 
Pa6ouaa remnepa- ConpoTuBeHue Pa6ouaa TemnMepa- ConpoTupsienhe 
7 : (yqe1bHOe) (yneabHoe) 
typa, °C | OM, MM?/M Typa, °C OM. MM?/M 
ee ere EL ree 
20 foo = 0,01754 90 Poo = 002236 
35 os, = 001857 | —«:105 e195 = 0,02339 
40 O49 = 0,01991 120 P4209 = 0,02443 


VismepenHoe JelicTBHTeIbHOe COMPOTHBJIeHHe KaTYWIKH He BCcerla 
copmayaeT c pacueTHbiM. OnpeyemsmeTcA STO NOJYFArOIWMMHCA B MpOoHs- 
BOJCTBE OTKJIOHCHHAMH B pa3Mepax MpoBosloKH (Tabs. 11), a Takxe 


B YHCJI€ BHTKOB. 
Tabauya 11 


Jlony cxaempie no FOCT orkaoneHHa B pasMepax NPOBOOKH 


—_— 























JluametTp rojonw MedH, Or 0,05 | Or 0,09 | Or 0,25 | Or 0,74 | Or 1,15 

MM no 0,08 | go 0,25 | po 0,69 | xo | no 1,56 
JlonyckaeMble OTK.IOHCHHA, 

WA 3: Go Pe Ra ee -+ 0,003 | + 0,005 + 0,01 + 0,015 | +0,02 


TleiicrBuTebHOe COMpOTHBJeHHe KaTYWIKH NOJlyuaeTCA PaBHbIM 


lop (Wx Aw) 


“x (d+ Ady? 1073 OM, (2-19) 


ro9=> 4p 
roe AW-—— BeJIHYHHa OTKJIOHCHHA B UHC BUTKOB. 
[Ip onpefesenuH Sombie BeMUMHbI CONPOTHBCHHA YYHTHIBAIOT 
-. Aw u —Ad, MIpv onpeweweHHv MeHbIUeH BeIHUHHbI: — AW H + Ad. 
ConpotupaeHve B (pyHKUHH 4YHCa BUTKOB XH radaputos. [loz- 
crapias B (2—16) 3HaueHHe g, ompefetnemoe u3 (2—9), NowyyaloT 
BLIPAKeHHE MIA COMPOTHBMeHHA B DYHKUMH YHCa BHTKOB H reoMe- 
TpHYeCKHX Pa3MepOB HaMOTKH: 
lop Wigs 2 
ad a A 10-3 =k,w?, (2-20) 
ne KR OR 








! 
3necb k, =p ; a 10-3 — nocToAHHBI KOSPDUNHeHT, 3aBMCAIMUA 
xr RK RR 


OT MaTepHasla MpOBOJOKH HW TeOMeTPHYeCKHX Pa3MepOB HaMOTKH. 
Bpipaxkenve (2—20) NpHMenseTca B TOM CJlyyae, Kora Heo xo- 

RMMO OMpeweHTb CONpOTHBAeHHe KaTYLIKH MpH M3MeHeHHH YHCJa 

BHUTKOB. Careqyer yUHTbIBATh H u3MeHeHHe KoSPPHNHeHTA 3allOHeHHA. 
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2-14. PACUET KATYUIKH MPH PASHBIX PEXKHMAX PABOTBI 


Ip pacuere kKaTyWKH yUHTbIBaeTcA pexuM paOots! annmapata. 
PasiMualoT CHeLyioulve pexkumbl pa6orul: 

IT P P — npogosmKutespuniit ((HTeIbHEIH) pexHM paGOoTbI, Korga 
KaTyilka BKJIOUeHA Ha AJHTeJIbHbIM MpOMeKYTOK BpeMeHH. | 

K P P— xparkoppemenubili pexkum pa6orTbl, Kora KaTYIKa BKJIIO- 
TeHa Ha HeOOMbLIOH NepHox, NopagKa HeCKOJIbKUX CeKYHI, H Bpema 
Nay3bl AOCTATOYHO BeJIHKO, YTOOL! KaTYIUKa OxJlaluslacb B TeyeHne 
9TOH May3bl NO TeMnepaTypbl OKpy2Katouleli Cpeybl. 

ITK P P — nopTtopHo-kpaTKoBpemeHHbIit (pepbIBHCTEIH) pexHM pa- 
OoTbl, Mp KOTOpoM pa6ounii nepuog ft, (MepHon BKJIOYeHHA) pery- 
JAPHO (HH HeperyJInpHo) yepexyerc# c nepHogamu oTKmoueHHa. 
O6uiai MpoxoKUTeMbHOCTD UWHKsIAa ty, =t,e-+tn oObluHO He TIpeBbI- 
iiaeT 10 munyrt. 

PK 3 — pexuM KOpoTKoro 3aMbIKaHHsl. TOT pexKHUM paccMaTpH- 
Bae€TCH TOJIbKO Tip pacueTe TOKOBbIX KATYLUeK. 

IIpH HOpMaJIbHOM pexKHMe ycTaHOBKH, Tle BKJUOUeH ammlapat, B 
KaTylke MpOTeKaeT HOMHHAJIbHBIM TOK [,,. [1px aBapulinom pexume 
B KaTyUlke NPOTeKae€T TOK KOPOTKOFO 3aMbIKaHHA, KOTOPbIli BO MHOrO 
pa3 (S0-~100) 6onbue HomuHanbHoro. B takux CydaAx pacuer 
KaTYUIKH HeOOXOAHMO TIPOBOAHTb Cc MpoBepKo Ha TEPMHYeCK yiO 
YCTOHYHBOCTb. 

ITP P. Vcxoguoe ypapuenve P= pS0. 3Hauenne P: gn KaTy- 
Wek MOcTOAHHOrO TokKa P= /*r; ana KaTylleK NepemeHHoro TOKa 
P=/*r+P,+.P,, rue P,—MOMHOCTh MoTepb Ha rucTtepesuc 4H 
BHXPeBbl€ TOKH, P;— MOILHOCTh NOTepb B 9KpaHe HAH poTope HHAyK- 
IXHOHHOH CHCTeMBI. 

Ja CHCTeMbI NOCTOAHHOrO ToKa 





Pr = SO. (2-10) 
=p we" 1-8 
i= p F. [, h, ‘ (2-20) 


Wis (2—10) u (2—20) ycranaBaupaem saBHcuMocTEL NpeBbILIeHH A 
TEMM€paTyPbl OT H. C, KaTYLUIKH H ee TeOMeTpHYeCKUX pa3MepoB. 


6 =p (2-21) 


ep 9 
i0f, 1, h ps)’: 
rye ley, ly, Ax —BauM; S—cm?, 


Aas KPYrAOHK KaTyUIKH MOXKHO YCTaHOBHTb CBA3b M@KLY 
l, HS: 


‘a= —9 (4); S = (Dy + Dz) Le + 107? (cm?) (6). 


M3 (2—21) nogcranopkoli a u 6 nonyyaem 


i Wr, GFR (Iw)? (2-22) 
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KPP., Flpw stom pexume paOoTb! KaTylika MOMKeT Bbiep2kaTb 
3HauuTeJIbHO Gosbuine HarpyskH, yem npH TIPP. 

Tipu onpegenenuu HarpeBa KaTYLUKH, BKJIOUCHHOH B TeueHHe He- 
6oulbuioro MpOMexKyTKa BpeMeHH — MOpAAKa HeCKOALKHX CeKYHA— 
CUHTaIOT, 4TO BCe TelIO, BbIJeeHHOe B KaTylllke, pacxomyeTcA Ha 
HarpeB MefH, T. e. MpeneOperaror TenmooTmaveli BO BHELWHIOIO Cpesly. 
YpaBHeHve HarpeBa KaTYIUKH B STOM Culyyae 6y ner 

[2rt = cG6, (2-23) 
gnecb {—B cekyHax, 
C— yleulbHad TelOeMKOCTb MeM B Oc] °C; 
G-—- Bec MeZH B rpaMMaXx. 

[Ipeo6pa3yem BbiparkenHe (2-23) c TeM, YTOObI HCKJIOUNTb 43 

Hero BeJIHUHHbI, He BUIMAIOUMe Ha HarpeB MedH: 


G=% I, gu 107%, (2-2 4) 
rie 7 — YJeuIbHbIH Bec; 
ley — B MM; 
g—B MM. | 
Toncrapus (2-16) u (2-24) B (2-23), Nomyuaem: 


[*p top wt «1073 = cy Lop gw0 + 107%. 
g 


Mponspeaa cOOTBeTCTBYIOIlMe COKpalleHHA, NOJYHHM 


PB oh 
got’ 
OTKYHa MJIOTHOCTh TOKAa | 
| cy 


[IpH nopplienHu TemnepaTypbl MeqH OT J) Ho }, COMmpoTUBJIeHHe- 
rocTeneHHO MeHAeT CBOe 3HAdCHHe. B pacdeTax NpHHHMAaloT BO BHH- 
MaHHe cCpefHee 3SHAYCHHE PP. 
7 Tabauya 12 
3nayenne ONycTHMOH MAOTHOCTH TOKA WIA OGMOTKH H3 MeqH 

(pH OLHOCeKyHAHOH Harpy3Kke) 


i 








KomnayHAHpOBaHHble 
Knace H30i0 HH | O A nary 
a Lt 
Dia: °C 90 105 120 
§=3,,,—35 55 70 85 
j—a/um? 100 108 117 


Oo i 
IIpu 3TOM NpHHATbI: ¢ = 0,39 roe > Tuedu = 8,9 =e 


IlpH yautenbHocTH Harpy3KH ¢ CeK. Halo sHaueHHe | paSfeJIHTb 
Ha V ¢. 
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> 


Hpumepot: |, Onpexenut cevenve Mequoi npoBonoku ¢ aManeBok H30nmMHel® 
AIA HEKOMNAayHAHPOBaHHOH KaTyuKH. / = 0,3 a; t = 3 cex; @ = 70°, 


d, 108 | 
we we 62,2 /mm?: 
a? l 0,3 2 
aE or a ws MM, 


4 i 62,2 


d= 0,079, npuuymaem d = 0,08 wm. 

2. OnpenenTb AonycTHMylO AAHTenBHOCTS BKmOUeHHA f HeKOMNayHAHpoBan- 
HOH une HS TIPOBOJIOKH C aMaNeBoH H30NAnHeH npx ToKe J =0,5a; d =0,2 mms. 
9 = 70°, 


q=0,0314 ma®; j = “ 7 = 16 a/mn?; 


2 
t= (re) == 45,5 cer, 

IIpupeqenHoe B JaHHOM MpHMepe peulenve TIPHMeHAeTCH AIS 
ONpeAeNeHHA AONYCTHMOH AJIHTebHOCTH BKJIOYCHHA KaTYLUIKH Nepe- 
MEHHOrO TOKa MpH PaSOMKHYTOM AKOpe, KOra TOK KaTYUIKH B He- 
CKOJIbKO pa3 OouJbule TOKa Np 3AMKHYTOM AKOpe 3JIEKTpOMarHHTHOR 
CHCTeMBI. 

IIK PP. [lopropno-Kpatkospemenubit pexkum pa6otbl xapaxkTe- 
PH3yeTCH BEIMYHHOM OTHOCHTEIbHOH MpOAOMKHTebHOCTH BKJIIOUeHUR 
(OMB), T. e. OTHOWeHHeM JnuTenbHOCTH pa6ouero UHKIa ty K Non- 

f, 


HOMy NepHoaxy unkaa ty: § =>. 


: | 

Aaa Kkatywex, paGoraiouax npu TIKPP, nonyckaetca no cpaBHe- 

HHtO C MpOAOKHTeNbHbIM pexkuMoM paOoTn (IIPP) sHauntenbHoe 

—ypenuenHe Harpy3k¥. O6o3Hauum: 7 —TOK, npoTekaomui yepes 

KaTywky; Qn. H 6§,— ycTaHOBHBUHecA NpeBbiuenua TemMllepaTypbt 
- CooTBeTcTBeHHO np# TIKPP u TIPP c uarpysxoii P = /*r, 


—te 


Sao en <i (2-26) 


rae  —nocrosuHaa BpeMeHH Harpespa KaTywwKu. 
Ecau ty sHaqHTewbHO MeHbIe nocTOAHHOM BpemeHH HarpeBa Ka- 


t 
TYWIKH, a CHeqoBaTeIbHO, H te< T, To C’ = = = (. 
y 





CreqoBaTenbHo, 
| Onx = C02. . (2-27) 
Mogcrapiaa sHayenHe 0, u3 (2-22), nonyyaem 
One = Cay a are (Iw) (2-28) 


Bo3HukaeT BONpoc 0 TOM, KaKOBO >Ke MAKCHMaJIbHOe BpeMa, np 
KOTOPOM MpeBbilleHHe TeMfepaTypbl KaATYUWIKM AOCTUFaeT AONyCTUMOFO- 
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3HaueHHa. Jina pelieHHa STO 3aqauH BOCTOMb3yeMca OOUIHM ypaB- 
HeHHeM HarpeBa 
—t, 


6=Oxnancl1—e" |, (2-29) 





rae 7-—- NOCTOAHHaA BpeMeHH HarpeBa KaTYLKH; 
@— ONycTHMOe 3Ha4eHHe MIpeBbILUeHHA TeMMepaTypbl; 
0 wane — MAKCH M@JIbHOe 3HAUeHHe MPeBbILICHHA TeMMepaTypbl, KOTOpoe 
UMeJIO Obl MeCTO B KATYiIKe€ TPH MpOOJPKHTeJIbHOM €€ BKJNOUCHHH. 
SuauenHe Oyanc MOKET ObITh ONpemeweHO H3 ypaBHeHHA Harpy3- 
KH (2-10), COOTBCTCTBYIOWelO HPOAOJDKHTeJIbHOMY BKJIIOYCHHIO 





| P 
O mane = aS . (2-30) 
Tloncrapus (2-30) B (2-29), HMeem 
—t, 
P T ’ : 
= P/BS . 
t,=T |n Pius 6" (2-32) 


Jlanee nepexoHM K onpeseseniio 7. 

Kak H3BeCTHO, 3HaveHHe NOCTOAHHOH BPeMeHH HarpeBa OJHOPOL- 
HOrO Tea PABHO OTHOLICHHIO TeNJOCMKOCTH TeJla K KOMHYeCTBY Tema, 
oTyapaeMoro BO BHellHee NpOcTpaHc7Bo: 


cG 
l= aso (2-33) 





IIpH HarpeBe KaTyLUKH TEMJOCMKOCTb H TeNMJOOTIZaya HENOCTOAHHBI, 
TaK KaK Temlio KaTYWKH B Mpouecce ee HarpeBa YaCTHYHO Tepe- 
jlaeTca cTamH MarHutTonpoBoya. Tlostomy np yueTe BAMAHUA OTTadH 
Tera cTasid moulyyaeTca Gomee COKHAA 3ABHCHMOCTb JIA OMpeje- 
yeuuna T. Jd Npv6JiWKeHHbIX BbBIUHCJICHHH MOMKHO MOJb30BaTbCA 
YIIPOULCHHbIM BbIPayKCHHeEM MOCTOAHHOH BPe€MeHH HarpeBa KaTYLIKH: 


Ps 1G, + BeeGe 


ama (2-34) 


nw 


rye c,0,— TeMIOeEMKOCTb MeqH H H30JINUHH KaTyUIKH; 
1 -— KOS(PPHUHEHT TeNJIOOTAAayH ; 
S,-—~ CYMMa BHYTpeHHeH H Hapy2KHOH MoBepXHOCTeH OXJaxKJe- 
HHA KaTYIUKH; 
C,, Gg—TeIlIOeEMKOCTb CTaIH M@rHHTHOH CHCTeMBI; 
§ — KoSPPHUHeHT, YUATHIBAIOWLHH CTeMeHb NepesaunH Tema OT 
HAMOTKH K CTAJIH. 
SyaueHHe Koapunnenta B ONpeseNAeTCA YCJIOBHAMH Tensonepe- 
jlauHi OT HAaMOTKH K CTaqH H BpeMeHeM HarpeBa. Ilo ycNOBHAM TelJO- 
NepeyauH MOXKHO paccCMaTpHBaTb [Ba KpaHHHx CJlydan: 
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1) xopomasz Tenwonepeyqaia OT HaMOTKH K cTaau (6ecKapKacHHe 
He6aH a KupoBaHHple KaTyUIKH, OecKapKacHble C HaMOTKOM Ha cep- 
TeuHHKe); 

2) naloxan TenwoOnNepeqaya OT HAMOTKH K cTany (KapkKacHnle, G6ec- 
Kapkacuble OanyaKupopaHHne KaTylwkn). | 

Bausanuve cbaktopa Bpemenu Ha H3MeHeHHe 8 CHIbHO CKa3bIBaeTCA 
B TeX CHCTeMaX, F¢ NOBEPXHOCTh OXNaKAeHHA KaTYIUKH OTHOCH- 
TeIbHO Maia. B STOM OTHOUIeCHHM CHCTeMBI X@PaKTepH3yIOTCA KO3(p- 
(PHUHEHTOM | : 

es oes (2-35) 
*% Z 

Tak, nO onbITHEIM j”aHHEM, Mpw ¥<1,25 sHayexue 8B moxHo 
CHHTAaTb NOCTOAHHBIM 3a BCe BpeMA Harpera KaTyuku. IIpu 7y>5 
SHayeHHe B cileqyeT CUHTaTb B TeyeHHe NepBoro Mepvoya Harpesa, 


aBHOTO -—, YMeCHbINeHHBIM BUBOe, a 3aTeM Noce ¢ >— ppuun- 
3 y 8 3 


MaTb NowHOe sHageHHe 6. B cnyyae 1,25 <7 <5 uamenennve 6 npn- 
HHMatoT MPONOPUHOHAIbHLIM YHCIy 5—1,25=3,75, B Ta6sune 13 
yKasaHbl’ sHaveHua 8, onpefeneHHEIe Ha OCHOBAaHHH NpHBeeHHBIX 
BILE ONBITHBIX Ja@HHbix. 
Tabauya 13 
Suauenna 8 


Tepnog Xopoulaa Tensonepegaya 
Herbepa | y¥<1,25 | 1,25 <7 <5 |y>5 


I]noxaa tennonepenaya 
1<1,25 | 1,25 <y<5 [yS5 





0,55 [0,5 + 0,45 [0,5 + 
ee 0,55 +05257] 0,275; 0,45 | +0597) 0,225 
8 3 5 $ 3,75 3 i) 8 3,75 , 
£>2 | 055 0,55 0,55 | 0,45 045 | 0,45 


Hpumep. Onpexeauts AONYCTUMYIO AIMTEIbHOCTL BKIIOUEHHA ‘ft, OeckapKacnod 


KaTyUIKH € HaMOTKOM Ha CepfeuHHKe, paccunTaHHof ana PexKHMa MOBTOPHO-kKpar- 
KOBpeMCHHOPO BKNOYeHHA € = 0,1; n30nanuAa MpPOBOJIOKH — 3MaJIb; norpe6semaa 
MOUHOCTh — 130 em (ropauek KaTyWKH); Bec: Menu — 0,4 KI’, w30nK8nHH — 0,07 «Kl; 
cTanH — 1,7 «I, 

Tlopepxuoctp oxnaxgqenna KaTywku — 200 cm?, 

Tipnuumaem: @= 70° no mxane A ra6nuuH 8 p= 12,19 + 10-4, 


P 130 . 
pS, 12,19 10-4» 909 = 932° 


¢,G, — TefinoemkocTb Menu H H30JIA HH: 
One 


(0,4 = 390) + (0,07 - 1540) = 264 ae i 
CgG, — TelloemKOcTb cTanu paBHa 1,7 + 495 = 840 = : 
ee 2Ge = 840 
T="s, = 506 = 42 
a 5— ¥ ~ 
B = 0,55 [o,s + 0,5 | = 0,334. 
D 9. A. Cryniem 6s 
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TlocTosHHble BpeMeHH KaTYIKH. 








T 
t<z; 
264 + 0,334 + 840 
— ————_— J) =— 
Ty 15,19 > 10-*-200 2250 cex. 
{> x ; 
964+ 0,55 +840 _ 
T= i519 10-7 200 
Tlonyctumoe sHauenve ¢, CcoriacHo (2—32): 
= 
2 Se Bee = 
t,=T,In P = 2250 In 463 = 390 cex = 5,34 mun. 
——9 
pS 
Tlonunfi nepog unKsa ¢,, JomKeH ObITb He MeHCe 
t, 5,34 
c == 01 = 53,4 MUH., 


P K 3. Ipu Toke KopoTKoro 3aMbIKaHuA Harpe KaTyIIKH CTAHO- 
BHTCA 3HAYHTeJIbHO Sosbile ZONycTHMOrO TIPH NPOMOMKHTEIbHOM Ppe- 
sume. B flaHHoM cylyyae NpA AAnTebHOCTH Npouecca KOPOTKOrFO 
3aMbIKaHHA, He Tipepplmatomel 1 cexyHAy, AoNycKaerca MOBbIINeH Hak 
TemnepaTypa HarpeBa MeAH o6MoTKH (70 200°). Cpbiuie STO Temme- 
paTypbl HadHHaeTcA o6yrJINBaHHe M30JIAWLHH. Tlonatue TepMHuecKOH 
yCTOHYHBOCTH KaTYWIKH, BbIDaKaemMoe ONpeeJIeHHbIM KOXP PULHEHTOM, 
XapakTepu3yeT MONycTHMylO B TedeHHe | ceKyHAbl KpaTHOCTb TOKa 
B KaTylUKe "pH yCJIOBHH, TO Mp 3TOM NpejlesbHblll HarpeB Med 
OOMOTKH He MpeBpicuT 200°. Tepmugeckaa yCTOHYHBOCTb, paBHad 90, 
o6o3HavaeT, YTO KaTYUIKa © HOMHHAaJIbHBIM TOKOM I, = 5a MoxeT 
BpilepxKaTb B TeyenHe | CeKyHAbl TOK KOPOTKOMO 3aMbIKaHHA, PaB- 
Hpi 250 a. [mameTp npoBosOKH TaKOH KaTYyLKH onpenesnoT, HCXOLA 
¥3 yCNOBHA, YTO BCe TeMNO, BbIMeeHHOE B g6moTKe, pacxosyetca 
Ha Harpep Mean fo 200° (cm. BbIPaKeHHe (2-25)). 

B gaHHoM cuJyyae 


dep = 0,024; 8 = 165°; 
j= 155 a/ um’. 
Hpumep. Onpenenvtb AnaMeTp MeAHOM MpOBOJIOKH TOKOBOA KaTyUIKH pevie. 
I, = 5 a; Tepmuyeckan ycroiunpocrh pasHa 90; 


ly, 250 
ey ie tee eee ee 2. F— 
g= = Tee = !,61 mm?: d== 1,43 mam. 





TpuHnmMaem 6ruxahwni SonbulnA AHaMeTp NPOBOAOKH NO Ta6nuue 2. 


d=1,45 ma. 
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2-15. OCHOBHBIE COOTHOMMEHHA JIA PACYETA 


IIpu pacuete Karyuex CTPp€MATCA K TOMY, YTOObI BbIZep%KaTb WBa 
OCHOBHBIX YCJIOBHA: : 

1) KaTywka jouKHa o6ecneqHTD co3aHue TpeOyembIx amnepsut- 
KOB Ma@rHHTHOK CHCTeMbI pH 3aaHHOM HalpsKeHHH HJIM CHJIe ToKa: 

2) TeMMepaTypa HarpeBa HaMOTKH KaTyWKH He JOJKHa Mpesoc- 
XOMHTb NpeNeJIbHO JONYCTHMOH BeNHUHHBI. | 

Iipu pacuete kaTywiku TpeOyeTca OnpezesuTbh PAN AAaHHBIX: WJIMHY 
KaTYUIKH, TOJUJMHY HAMOTKH, KOJHYeCTBO BUTKOB H CeueHHe MpOBo- 
wokw. Jia nowysenua sTux janunix NONb3y!OTCH OCHOBHBIMH COOT- 
HOWECHHAMH, BbIBeEZeHHBIMH paHee (2-20), (2-21), (2-25) u (2-28), 
4 TaKKe HHKECJEAYIOULMMH YpaBHeHHAMH. — 

YpaByeHve 4HCRa BHTKOB 








Loh, 
YpaBHeHua HallpsKenua: 
a) Jif NocTosHHOrO ToKa 7 
l 
U=Ir=p . Iw-10-* (2-37) 
6) qa MepemMeHHoro ToKa 
U=V Pr? + Et, (2-38) 
rye 
E = wll = we°Gl, (2-39) 


G—MarHuTHad NpoBO_MMOCTD CHCTeMEI, 
Ypapyenve notoka (49 cHcTeM nepeMeHHoro ToKa) 


ys 
Pp = TA fo Beoep, (2-40) 


Ha ocnone TIPHBEJCHHBIX BbIIUe COOTHOWICHHE MOKHO paccuHtatp 
RaTylUKy ONpeyeJIeHHbIX 3a/aHHbIXx pa3mMepos. B Tom cayuae, ecwH 
HEH3BeCTHbI radapuThl KaTYIUKH, HeOOXOJMMbI JONOHUTebHBIE jlaH- 
Hbi€, KOTOPble NO/lyyaloTca pH pacueTe BCeH MarHHTHOH CHCTeMB 
B UeJIOM, 


2-16. JONYCKH HW OTKJIOHEHVA 


TouHoe co6ogenve pacueTHpix aHHDIx NpH HaMOTKe KaTylUIKH 
He Bcerma yfaetca. BeneactBue pa3sM4HBIx OTKIOHEHHT B pa3smMepax 
MPOBOJIOKH H H30JINWMH HW HeHJeCHTHYHOCTH camoro npowecca HaMOTKH 
WaHHbIe BBITIYCKaeMbIX KaTYWeK, KaK MpaBHJlO, OTMYAIOTCA OT pac- 
geTHBIX. B npouspogcTBe ycTaHaBAMBaloTca ONpeqeJeHHbIe yonycKn. 

Zlonyck no conpomueaenun. /lonyckaeMoe OTKJOHeEHHe NO BenH- 
WHHE COMPOTHBJICHHA KaTYWUKH HAaXOQHTCA B npegenax ot +3 po 
“5%. Tounoe coOmogenne Bemmunuis OMHYeCKOrO CONpoTHBeHHA 
BamKHO JIA KaTYileK NOCTOAHHOTO ToKa, TaK Kak 3Ha4eHHe r Xapak- 
TepH3yeT NOTpeGiseMy!O MOLLHOCTh KaTYIUKH H, CJIeJOBaTeJIbHO, ee 
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TenOBoH pexkuM. B cayuae OTKNOHCHHA 3HaYeHHA 7 OT YKa3aHHbIx 
yonycKkoB KaTyWKa fOMaTbIBaeTCA HH pa3MaTbIBaeTCA. 
Tlonyck no 4ucay BumKOG. TouHoe co6mofenHve UHCa BHTKOB 
BaxKHO [JI KaTyUlek MepeMeHHOrO TOKa, TaK Kak IPH onpejesleHHOM 
ceueHHH cTaJId MarHHTHOH CH- 
Tabauya If CTeMbI UHCNO BHTKOB XapakTepH- 
SnavenHa onyCKaeMbIx OTKAMOHEHHH = =63YCT noTped jIn@My!O MOULHOCTb H 
no HCY BHTKOB KaTYLEcK nepeMeHHOro UHCJIO ae CHCTeMbI B KOHE4UHOM 
OES IOMKEH MM AKOPA- SHayeHHA JO- 
Unco0 BHTKOB Tlonycxaemoe yCKAeMBIX OTKJIOHEHHH NO HCY 
KaTYUIKH OTKJIOHEHHE BHTKOB, NIPHHATbI€ B NpakTHKe, 
|p regenni B Tabu 14. 
ww > 500 +-20/, Tlonyck no eabapumam. Ha 
100 < w < 500 + 19/, yepTexe KaTYIUKH yka3biBaeTcr 
w < 100 0 MaKCHMA@JIbHO ONyCTHMbIH = Ha- 
PyKHBIM JlMaMeTp KaTYUIKH, AO- 
nycKaeMble OTKJIOHEHHA MO BHY- 
TpeHHemMy AuamMeTpy Koe6sOTCA B Tpegemax -b (0,5-+ 1,0) mm, no 
ywinHe KaTyWKH B Mpefesax +(1—2) mam. 


9-17. HCMbITAHHE H NPOBEPKA KATYHIEK 


Buinyckaemple 43 MpOH3BOACTBAa KaTYUIKH noypepraloTcA noBepor- 
HBIM HcrbITanHam. HexoToppie HcibiTaHua NPOBOAATCHA TOJIbKO B CIle- 
MaJIbHbIX CJIyYaAX, HanpHMep, MpH THMOBbIX HIM TIPHEMO-CaTOUNbIX 
MCbITaHHAX, Apyrve MpoBosxATcH Hay KaxKMOH BbIMyCKaeMOH Ka- 
TYWKOH. | 

Tenaosoti pexatum Kamyuek. IIpopepka HarpeBa KaTyHleK NPOBO- 
JMTCA B NOJHOCTbIO COOpaHHOM pedle. IIpumMeHsiotca Ba MeTOAa HC- 
nbiranuit: 1) MeToq TepMoMeTpa HWJIH TepMomlapsl, KOTOpble MpHkJa- 
yblBaloTCA JIA OMpefxeseHHa TemnepaTy ppl KaTyWKH K Hapy2KHOH ee 
OBepXHOCTH; 2) MeTOA COMpPOTHBJICHHA, Korfa BeJIM4HHAa MpeBbillle- 
HUA TeMnepaTypbl KaTyWIKH ollpewedneTca NO BeJIHMYHHe H3MeHeHHA 
CONPOTHBJICHHA. 

3amep CONpOTHBJIeHHA KaTYIUKH IIpPOHSBOAMTCH pa3SHbIMH TipH6o- 
paMH: IIpOcTbIM MOCTOM — (WIA CONpOTHBJIeHHA, 6olbwe 1 oma, ABOH- 
HbIM MocTOM (ecaH r<1 oma), MOTCHUHOMETPOM, JIOTOMeTpOM HJIH 
flocpeyCTBOM aMfepMeTpa H BOJbTMeTpa. IlpH H3MepeHHH MpeBblilie- 
HHA TemMnepaTypbl OOMOTOK H3 MeMHOH MpOBOJIOKH MeTOAOM COTIpO- 
THBJICHHA TIpeBbIleHHe 3TO ONpefeneTCA NO cbopmysle 


oe 





@ = 9, — Soe = 2 (235 ++ Sox — Moe), (2-41) 


lx 
rue $,,.— TemMepatypa HarpeTOH OOMOTKH; 
Soe — TeMNeparTy pa oKpy aloe cpebi Mp HarpeTOH KaTYlKe; 
Son— TeMMepatypa OKpy2KalowleH cpeyib! pH XOJIOMHOH KaTyike 
H HauaibHaa TemlepaTypa KaTyWKH, 
r,— CONpoTHBeHHe OOMOTKH MPH Temnlepatype %ox; 
f, —- CONpOTUBIeHHe OOMOTKH Tipu TemnepaType $x 
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EcaH HCMbITaHHe NpOH3BOAMTCAH Np Temilepatype oKpyKalomel 
Cpejbl, OTAHYHOH OT +35°, TO BeJIHYHHa NpeBbILIeHHA TeMnepaty pHi, 
nowyyeHHaa flo dopmysie (2-41), gomKHa ObITh pHBezeHa K +85° 
NyTeM YMHOKeHHA Ha KoappuUHeHT R. 


Jina KaTyuleK ToKa 
270 


k= sey + (2-42) 
RAH KATYWCK HaNPAKCHHA TNOCTOAHHOrO TOKa 
235 + 20 + %,, 
~~ 270+ 26 (2-43) 


ia KaTylek Hallps2xKeHHA MepemMeHHorO TOKa MpHMeHAeTCH Ta 2%xKe 
opmysa (2-42), ato uw is KaTyuleK ToKa. O6bsacHseTCA STO Tem, 
YTO H3MeHeHHE CONPOTHBJICHHA B Npolecce HarpeBa KaTYIKH HanpsA- 
2KeCHHA MepeMeHHOrO TOKa NIpaKTHYeCKH He BJIHAeCT Ha BeIMYHHY ee 
ToKa. IIpv HCMbITaHHH KaTyWIKH NepeMeHHOrO TOKa H3MepeHHe compo- 
THBJICHHS MPOHSBOZUTCH NOCTOAHHBIM TOKOM, JJIf YerO B MOMEHT 3a- 
Mepa KaTyllKa NepekJo4aeTCA Ha TIpHOOp WIA H3MepeHHA COMpOTHB- 
neHHH. Ucnbiranve TOKOBbIX KaTyilleK NpOH3BOAHTCA TIpH HOMHHAaJIb- 
HOM TOKe, a KaTylUeK Hallpax*KeHHA — Np EOMHHAJIbHOM HalipAKeHHH. 

Jlusnaekmpuueckan npouwxocms. B wenw MarHHTHOH CHCTeMbI B 
npolecce ee 9KCIIyaTauHH BO3MOXKHbI SHAUHTeJIbHbIe MepenalipsxKe- 
HHA, MOryuyHe MpHBecTH K TpoOoio H30IauHH KaTywKH. Tlostomy 
o6a3aTenbHa NpOBepKa AMIIEKTPHYeECKOH MPOYHOCTH KaxKJOK KaTylWKH 
nepeq BbINyCKOM ee H3 MpoH3BoycTBa. [Ipopepka yosKHa OcyUlectT- 
BIIATbCA Ha KAaTYWIKOH, BCTpOeHHOM B MarHHTHyto cuctemy. Ilo Hop- 
MaM HCIIbITATeJIbHOe HallpAxKeHHE 3HAUHTEbHO NpeBOCXOAUT pabouee 
HalipaKeHve cucTeMb. JlHTeAbHOCTb HCbITaHHA —1 mMuHyTa. Jia 
ycKOpeHHA Mpouecca MCNbITaHHA ero MpOH3BOAAT B TeyeHHe | ce- 
KYHJbl, HO NpH 3TOM HCMbITaTeIbHOe HaNpAKeHHE MOBbIWAeTCA. 

B tra6iuue 15 MpHBexeHbl JaHHble HaNpaxKeHHH Asin mpoBepKH 


Ha JH3JIeKTPHYeCKY!IO NPOUHOCT. 
Tabauya 15 


Suauenne HCOTaTebHEIX HaNnpAxKeHHAl 


° 


ee GRE IT ee gee Lo ee ee ME ee 
Pa6ouee nanpa- | McnbirarenbHoe HanpaxKenne, 6 


KEHHE, 6 OAHOMHHyTHOe | OAHOCeKyHAHOe 
Ho 24 250 

24—100 500 

101—500 2000 2500 

50!1—600. 2U + 1000 


Cape 600 2,25U -+- 2000 


[] posepka Haaudusn KopomKo3amKHymolx eumKoe. B npowecce u3ro- 
TOBJIGHHA KaTYWWKH BO3MOXKHBI C/J1yYaH OFOJIeHHA H30AUHH MeXxKy 
JIBYMA COCeJHHMH BHTKaMH, YTO NPHBOAHT K OOpa30BaHHIO KOPOTKO- 
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3aMKHYTbIX BHTKOB. II[pHMeHeHve TaKHX KaTYyWeK HeONYCTHMO B 
CHCTeMaxX IlepeMeHHOrO TOKa, TaK KaK B KOPOTKO3aMKHYTOM BHTKe 
HHYKTHpyeTca OoubuIOH TOK, BHTOK CHJIbHO HarpeBaeTca, MOpTHTCA 
H30JINUHA KATYWIKH HW MOCIe€qHAA OYeHb CKOPO BbIXOAUT H3 CTpOA. 
B cucreMax MOCTOMHHOrFO TOKAa BO3MOXHO TIPHMeHeHHe KaTyIek, 
HMCIOWLUX KOPOTKO3AMKHYTbIC BHTKH, eCJIM TOJbKO HaJIHuve 9THX 
BHTKOB He BeZeT K H3MeCHeCHHIO OMHYECKOLO CONPOTHBJICHHA KaTYLUKH. 
Onuako Jia ObICTPOJeHCTBYIOUIMX pee MOCTOAHHOTO TOKa HaJIMUHe 
KOPOTKO3€MKHYTHIX BHTKOB B KaTYIUKe BCJIeqCTBHE HX YCMOKOHTeMb- 
HOFO JlCHCTBHA TaKKe HeKeaTeIbHO. | 
IIpoctetiee ycTpOHcTBO JJIn MpOBepKH HaJHYMA KOPOTKOSaMKHy- 
ThIX BHTKOB oKa3aHo Ha (pyrype 2, 23. Ha ogHom cepyeuHHke Mar- 
HHTHOH CHCTeMbI Hacax%keHa KaTYWIKa BO3OyKJeCHHA, BKJIOUeHHaA Ha 





@ur. 2,23. YcrpolicTBo Aid BbINBJIeHHA @Mur. 2, 24. YcTpolicrso AVA 
K, 3. BHTKOB: BbIABJICHHA K. 3. BHTKOB: 
i — HCNbITyeMaxw KaTylWKa, i — ACNBITyeMaaA KaTyulka. 


HanpsxKeHHe MepeMeHHOro TOKa, Ha J pyroM — HCHbITyeMaa KaTyilka, 
KOHLUbI KOTOPOH OcTatoTCA pa3OMKHyTbIMH. Jlo ycTaHOBKH HCibITyemoli 
KaTYWUKH IIpoBepsercd TOK KaTyWIKH Bo3sOyKeHua. IlpH Hacagke 
HCIIbITYeMOH KaTYIIKH, He HMelOLeH KOPOTKO34MKHYTbIX BHTKOB, 3Ha- 
yeHHe 3TOrO TOKa He H3MCHAeTCA; IPH HaJIHYHH Ke KOPOTKO3aMKHy- 
THX BHTKOB B HCIbITyeMOH KaTyUIKe BeJIHUHHa TOKa / 3HadHTesbHO 
HOBbILMAaeTCA. 

Cxema ypyroro ycTpojicrsa mpuBeyena Ha curype 2, 24. Ha cpeg- 
Hem cepyeyHuke L]-o6pa3HoH cucTeMbl Haca>KeHa KaTyllIKa Bo36y- 
KenHa A, NpHKIOUaeMad K CeTH MepeMeHHOrO TOKAa, Ha APM CHCTEMbI 
HacaxkeHbl ABe OalaHcHble KaTylWKH B, u B,, BKJJOUeCHHbIe Ha BOJIbT- 
MeTp. BaslaHcible KaTylUKM Mepeq HCIbITaHHeM YyCTaHaBJIMBalOoT Ha 
apMe Tak, 4TOObI B HAX HHAYKTHPOBAaJIHCb OMHHaKOBbIe 9. A. C3 
iipH 9TOM NOKa3aHHA BOJIbTMeTPpa PaBHbl HYJIIO. 

Tipu Hacagqke ucnbiryemol kaTywku C, B ciyyae HaIM4HA B Hel 
KODOTKO34MKHYTBIX BHTKOB, BeJIHYHHbI NOTOKOB B JIeBOH H NpaBow 
qaCTAX MA@PHHTHOH CHCTeMbI yoxKe He GOyyT OAHHAKOBbIMH, H pa3- 
HOCTb 3. J. c. KaTywek B, u B, cTaHoBuTca Sombie HyJa, 4TO 
NOKA3bIBaeT BOJIBTMeCTP. 

[Ipu HaJIMuHH BbICOKOUYBCTBHTeCIbHOFO BOJIbTMeTpa B OMHCaHHOM 
YCTPOHCTBe MO?KHO BbIXBHTb HOBpeKMCHHE W30/AUWHH BHTKOB C OTHO- 
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CHTeJIbHO OOJIbUIMM MTepexoZHbIM conpoTuBseHHem. [Ip HasaaKe 
ycTpoHcTBa HeOOXOAHMO CJleQHTb, 4TOOb! CbeMHbIit AKOPb Bcersa 
yCTaHaBJMBaJIcCA B OAHOM H TOM Ke MOJIOKeEHHH C MHHHMAJIbHbIM 
3a30poM. B npoTHBHOM CJly¥ae BO3MOXKeH HeOaaHC MexKAY Npasow 
HM JlepoH YaCTbIO H MpH OTCYTCTBHH KOPOTKO3€MKHYTbIX BHTKOB B 
HCHbITYeMOH KaTYLuke. 

B auTepatype NpHBOAHTCH onvcaHHve Oosee COBePIIeHHbIX COBpe- 
MeEHHbIX YCTPOHCTB. | 

[]poeepkKa omcymcmeun oOpoleoe @ KamyuiKe TIPOM3BOMHTCH Ha 
yCTpoicTBe, ONHCaHHOM Bpilwe (pur. 2, 23). Hcnbiryemaa kaTyulka 
BaMbIKaeTCA HAKOPOTKO HJIM Yepe3 akTHBHOe conpoTHBuieHHe. IIpu 
HaH4Hu OOpbipa 3HayeHHe TOKa / KaTyUIKH BO36yxXReHHA OCTaeTCA 





DF hak hdd, deubedkbeubeabeaheabes 
De kk ed i ch he de ubuhemberbdhah 


| Ss, : 





5 
@ur. 2, 25. Yctpoiictss ana npoBepKH 4HCa BHTKOB: 


a@ — nepeksiouaTenb; 2 -- ucnbiryemMand KatTylika; 3 — NepekmOdaTeJb; # — e- 
KanHbla nepeKmoyaTevib; § — MarHuTHaa CHCTeMa, 6 — CTaHAapTHan KatTylkKa; 
7 —kKaTyuika Bo3s6yx«ReHHA. 


t 


TeM 2Ke, KAKHM OHO OblJIO NpW OTCYTCTBHH HCMbITyeMOH KaTYLUKH, 
Tip OTCyTCTBHH OOpbiBa 3HaYueHHe / pe3KO MoBbIaeTCA. 

[] poeepka 4ucaa gumKoe Kamyuku. Kak NpaBusio, NpoBepky 4Hcsa 
BHTKOB KaTYIUKH MpOH3BOAAT TOJIbKO NepHOAMYeCKH, BbIOOPOUHO. 
YcTpoHcTBa, C NOMOULbIO KOTOPbIX OCYULeECTBJIAeTCA ONpeteweHHe 4HCJa 
BHTKOB KaTYLUKH, MOryT ObITb BeCbMa TO4HbIMH. Tak, HMeloTCH 
yYCTpoHcTBa C TOYHOCTbIO 3aMepa gO | BHTKa Ha 100000 BHTKOB Ka- 
TyWKH. JIA MpakTHyecKHX WeJIeH BbINOJIHAIOT yCTPOHCTBa Cc TOU- 
HOCTbIO 3aMepa HO | BuTKa Ha 5000 BuTKOB KaTYUIKH. 

Tleictpue ycTpolictpa OCHOBaHO Ha CpaBHeHHH 9. J. C., HHAYKTH- 
POBaHHbIX B HCKOMOH KaTYLUKe C HeH3BeCTHbIM UHCJIOM BHTKOB H B 
CTaHapTHOK —C H3BeCTHbIM 4HCJOM BHTKOB. ECAH BbINOJIHATb 
YCTPOHCTBO TaK, 4TO YHCJO MOTOKOCHENMIGHHA, CO3ZaHHbIX KAKOH-TO 
KaTYWKOH BOSOyKAeHHA, O/MeT OAHHAKOBbIM AJIX HCKOMOH H CTAaH- 
apTuoH KaTywek, TO HHAYKTHpyemble B HHX 9. 0. C. He 3aBUCAT 
OT HX raGapuHToB, &@ TOMbKO OT 4HCNa BHTKOB. 

CraufaptTHaa KaTylwka HCnoJHsAeTCA C OOJIbINHM 4HCJIOM OTMAaeK, 
NpPHKJOYaeMbIX K AeKaAHOMY NepekJioyaTesio. B npouecce NpoBepKH 
nomGuparoT AeKaAHbIM NMepeKsOUaTeNeM TaKOe 4HC/IO BUTKOB CTaH- 
WapTHOH KaTyUWIKH, 4TOOb! HHAYKTHpyemMasg B He 9. A. C. Sblla paBHa 
HHAYKTHpyeMoH 9. A. c. B ucKOMOM. IlpH 9TOM NOKa3aHuA 4yBCTBH- 
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TeJIbHOrO LaJlbBaHOMeTpa, BKJIOUCHHOFO B Lelb O6eHX KaTYyUleK, 
OyayT paBHbl HyJo. Cxema ycTpolictBa moka3aHa Ha cpurype 2, 25. 

KatTylka BO30yKeHHA MpefctaBiaer codoli pacnpezenennyto 
OOMOTKY, PacrovlIoxKeHHy!o Ha O6OHX CepeYHHKAaX MAPHHTHOH CHCTeMBI. 
KaTyuwika MOKeT 6biITb BKJIOUeHa Ha HCTOUHHK MepemeHHoro HH 
mocTOoAHHOro ToKa. B ycTpolicTBax NocTOAHHOrO ToKa Movly4aloTca 
Ooslee TOUHbIE pe3syAbTaTbl. CranyqapTHad WH HCKOMaA KaTYLIKH Haca- 
MKHBAIOTCH Ha OAHOM CepfedHHKe Ofna nog aApyrok. I1paspuabHocTb 
cOeMHeHHA Wenw OGeHX KaTylleK MpoBepsxeTcA MpeABapHTesbHO No- 
CpeCTBOM NepeksouaTeia. Ec KaTyUIKH BKJIOUCHbI TaK, YTO HX 
9. I. C. CYMMHPyiOTCa, MOyyuaetca OobuioH OpocoK ToKa B LenH 
ranbBaHOMeTpa. 


PJUABA 3 


PACYET MATHMTHOM LEMM CO CTAJIbIO 


SafayelH pacueTa MarHHTHOH Welw ABJAeTCH BLIVHCeHHe MarHHT- 
HbIX NOTOKOB B pa3HbIX YaCTAX M@FHHTHOM CHCTeMbI, OOYCJIOBJIeCHHbIX 
HaJH4uHeM HaMarHHuHBalollleH CHIbI Ff, cosqzaBaeMOl TOKOM KaTYLUKH. 
IIpH mMpoeKkTHpoBaHHH CHCTeMbI MIpHXOANTCA pelllaTh OGpaTHyt0 3a- 
Wavy: ONpeeNuTb H. C. KATYWKH, Tpe6yemMylo JIA CO3aHHA B CHCTeMe 
M@rHHTHbIX MOTOKOB 3aaHHOW BeJIMUHHBI. 

iia pacueTa MarHHTHBIX WeneH MpHMeHAIOTCH aHAaAUTHUe- 
ckHe Hrpamo-ananuTHyeckKHe Cnoco6on. 

IipH npopexeHHu pacueToB NOsMb3yIOTCA OCHOBHBIMH 3aKOHaMH AIA 
MarHHTHbIX WeneH, KOTOPble COBMaaloT NO CBoeH dopMe Cc OCHOBHbIMH 
3aKOHAMH SJIEKTPHYeCKHX Wenel. 


3-1. OCHOBHbIE 3AKOHbI MAPHUTHbIX WENEN 


MarHuTHaa Welb COCTOHT H3 MarHHTOMpoBoya c HacaKeHHOH Ha 
HeM KaTyWKOM. Kak npaBHsio, B MaPHMTONpoBOse HMEETCA HECKOJIbKO 
BOSAYWHbIX 3a30poB: 6,, 5,... T[]pH HanwuHa MarHHTHOrO NoToKa 
B WenH tiOJlyyaeTcA NagkeHHe MarHHTHOrO MOTeHWHalla B KaKOM 9VJle- 
MeHTe€ MarHHTONpOBOsa HW B BOSAYIWHBIX 3a30pax. 





Jina cTanu 
Hl = 1 =F; (3-1) 
AH BOSLyxa 
Fee ee ee (3-2) 
oJ ¢ 


rye »}—MardHTHaA MpOHHIAeMOCTb CTAaJV; 

ly —- MAFHHTHaA MPOHHWaeMOCTb MYCTOTHI. 

Hepspii saxon Kupxrota aa MarHuTHOH uenu dopmysHpyertcsa 
Tak Ke, Kak MH JIN 9MCKTPHYeCKOH: CYMM@ M@FHHTHbIX MOTOKOB, CXO- 
AAWMXCA B KaKOM-JHOO y3ule, paBHa HyJI0. 
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‘Bropoi 3akon Kupxrocda 21g MarHuTuoit env — JHHeHHbIM HHTe- 
rpaJl HaNpAXeHHOCTH MArHHTHOrO HOA HH CYMMa NaweHnit MarHut- 
HbIX TIOTeHWHAJIOB AIA BCAKOL SAMKHYTOH MarHH¥THOH uenH paBHa 
cyMMe H. c. F Tex BHTKOB HAH OOMOTOK, wepes KOTOPble NpoxoguT 
pacCMaTpHBaemMan JIMHHA. 


> Hdl = ZHI, =H, ly + Holy... + Had, + Hyd, = F. (3-3) 


Sakon Oma AA MarHHTHBrx ene — o6uuuH notrox 3AMKHYTOH 
MarHHTHOH wenH P papex HaMarHHdHBalomen CiJIe KaTylwuku F, no- 
MHOXKCHHOH Ha MarHHTHYIO NpoBO_MMocTD Bcelt nenw G. [oyzctapaaa 
(3-1) u (3-2) B (3-3), nowlyyaem 

F 








aa, ok. (34) 
4191 2d ae o7s MoGa 
OG6o3Hauaa 
hi ls by de 


= Re; 


Mos V-974 7? 


=a 


Migr" Hag, SS 
MMeeM H3 (3-4) 


F 
R. +R, 


rae R, R, w Rz—coorsetcreenHo MarnuTupe COMPOTHBJIeHHA” BCei: 
MarHUTHOH WenH, CTaqW H BOSLYWHBIX nyTe# motoxa. 
IIpu npopegzenuu pacuetos NpHHATHI 
66 
—s pe6epax; > «Ho = 1,25- 10-8 oe. 


Qa+cm 


DP = 





=== FG, | (3-5) 





3-2. CXEMA 3AMEIMEHHA MATHUTHOR LET 


Ip pacuete cnoxutix PaSBETBCHHBIX MarHHTONpPOBONOB mA 
yaoOcTsBa onpenzenenua Tpe6yembIx COOTHOWeHHH cocTaBAAlOT CXeMy 
SaMeIeHHA MarHHTHOH WenHw, npvuem H300paxkeuve CxembI anasloruyHo 
H3800paxKeliHlo SJIeKTPHYeCKOH CxeMBI. 

B cxeme samemenua NPHHMMAIOT CilexyoulHe O6osHayeHua. Mctou- 
HHK H. Cc. F o603HayaioT Kak HCTOUHHK 9. I. c. (6aTapes, renepa- 
TOp), MarHHTHOe conpoTuBseHue R — Kak 93u1eKTpHYecKoe. BesvunHpt 
H HallpaBJieHHA NOTOKOB MarHHTHOR nenH COOTBETCTBYIOT BeHYHHaM 
H HallpaBJeHHAM TOKOB 9JleKTpHyecKo# Lenn, 

PaccmotpHm yBa MpHMepa NOCTpoeHua CXeMbI 3aMelleHug. 

1. SamKuytaa MarHutTHaa nen 6e3 BOSAYLUHBIX 3430POB HMeeT 
ABe HECHMMeTpH4HbIe BeTBH. Jia YNPOWeHHA CXeMbI NpKHHMaem, 
4TO0 B MarHHTHOH CHcCTemMe OTCyTCTBYIOT NOTOKH yTeuku. Ilo ananorun 
C SJIEKTPHYeCKOH Lenbtio CNHTa€M, 4TO MOA AelictBuem Hu. c. F = lw 
cosqaeTca noroK ® (pur. 3, 1), NpoTeKaloulHH B cpeqHeM cepzeu- 
HMKe H Pa3BeETBAAIONMMHcA Ha BBa moToKa: ®, u D3, npHuem 3ya- 
M€HHA STHX NOTOKOB onpexersioTca onHOH u TOH Ke BeIHUHHOR 


H. C.: : 
Fy= F —@®R,. 
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i Ps Oi oe ye ha Pik. 
OR Rs ER 3~ R+R+R 


9. Marnutsas cucrema peste ((pur. 3, 2). B qaHHou merce 3a30Pbl 
3, HW Sg paccMaTpHBaioTca Kak paOouHe, a 53 — Kak HepadOuHH. 





@ur. 3, 1. MarHuTHad cHcTeMa. 


T= 
B cxeme 3aMellicHua MOKa3aHbl OTAC/IbHO Seo a 
CTBYIOWIHE COMPOTHBJICHHAM BOSAYIUHbIX 3a30POB, H OTAeJIbH p 
THBJICHHA MArHHTONpOBoAa. ; 
[loroxu yteuku Py, 4 Py, OT CpeAHCTO cepmeuHHKa K aa ae 
pacnipelesAIoTCA M0 Bcelt wlune CepfeuHHKa, HO B CXeME Sa 


& R 





ur, 3, 2. MarnuTuan cucTema pevle. 


CONPpOTHBIeHHA MyTel MOTOKOB YTedKH noka3aHbl B ne Taare 
CONPOTHBJICHHHA, BKJIOUCHHBIX 3a HCTOUHHKOM H. C., Ff. LIpH ai 
cjlenyeT YUHTbIBATh MpHBeeHHble 3HaueHHA MarHHTHbIxX CONpo 
nenuli (cm. § 3-4). 

Ilo — ZaMeCIILGHHA, MOJIb3yACb . 3AKOHAaMH Oma ee 
A MarHUTHbIX Were, MOXKHO COCTaBHTb PAA ypaBHeHHHi, H3 ue : 
pbiX OlipesesMOTCA 3HAYEHHA MOTOKOB B pa3HbIX dacTAX MarHH 

i H. C. KaTYWIKH. ; 
CHCTeMbl MIpH 3afaHHOH H | 

Take P euieted Mu oOpaTHad 3afaua: oMpeAeenve eet hele 
H. C, KaTYWKH Tip 3afaHHbIxX 3HaveHHAx paOouHX MOTOKOB B 3a3 
pax 8, H 63. 
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Pellenne 3afagu HeCKOMbKO YCHOMHACTCA TEM OOCTORTEIBCTEOM, 
10 SHaveHHe MarHHTHOFO CONPOTHBeHHA CTAJIM He ABAeETCA NOCTORH. 
HOH BeJIMYHHOH, a 3aKOH ero H3MeHeHHA HeJIMHeHHBIN. [ostomy yaa 
HOMHOPO PelleHHA 3aayd MpHxXoguTcA npwOeraTh AONOMHNTeAbHO K 
HCHOJbSOBaHHIO KPHBbIX HaMarHH4MBaHHA MaTepnana. B HEKOTOpbIX 
cay4aix tpHOeralor K pellieHHiO 3afayH MeTOAOM NOCJI€ OBA TeJIbHbIX 
MpHOAMKeHHH (cM. § 3-11). 


3-3. MAFHHTHAS . NMPOBOJMUMOCTb BO3,YUIHbIX 3A30POB 


Metogbl Bbl4uHcaeHHA mpoBo_uMmocTH. IIpH pacuere Marnutuol 
CHCTeEMbI BaKHO 3HaTb BeM4MHbl MarHHTHBIX MpoBomuMocTelt BO3 Jy I- 
HbIX 3a30poB: PaccmoTpHM BHauyave cno- 
cOoObI BBIUHCJIeHHA MpoBosHMoctelt Bo3- 
AYWHbIX 3a30POB MeKAY ABYMA 3KBHNO- 
TEHUMAIbHBIMH NOBEPXHOCTAMH, KOTOPBIMH 
ABIAIOTCA MOBEPXHOCTH CTaJIbHBIX jeTa- 
je MarHuTonpospoga. Hasopém 9ty_ no- 
BEPXHOCTH M@rHHTHbIMH NovocaMH. 

IIpoctetiuiumM BHAOM noua B BO3/LYIII- 
HOM 3a30pe ABJAeTCA OMHOPOAHOe Nowe, 
KOTOPOe MOXKHO NOJYYHTh MexIy ABYMA 
AOCTaTOUHOH NpOTA*KeHHOCTH napasenb- 
HBIMH [JIOCKOCTHMH — nowiocamMu. B 9stTom 
CTydae 3aflada BbIYHCJIEHHA NpOBOAMMOCTH 
3a30pa peuiaeTca mpocto. OgnaKxo ofHo- 
pOAHOe Nowe B BO3AYUWIHbIX 3a30pax Mar- ur. 3,3. Tone mexay 
HUTHbIX CHCTeEM IJIEKT PH YECKHX alinlapaTosB NapaNeAbHbIMH TO/OCaMH. 
H pee HaOsMofaeTcA BeCbMa pegqKO, TaK 
Kak NOBEPXHOCTH NOJIOCOB HMEIOT pa3/IMYHYtO KOH@Ury pauuio, NOMOCHI 
WacTO pacnoularaiorca HelapadetbHO Apyr APyry W MMeIoT KoHeq- 
HbIe pasMepbl. Sagqaya onpesetenug MIPOBOAHMOCTH BOSYIIHbIX 3a30- 
POB NOSTOMY CBA3aHa C PAAOM CJIOMKHBIX BbIMHCHeHHE. 

Tlowe mMexkay napanaenbHbiMH nomtocamH KOHEYHBIX pa3MepoB 
(pur. 3, 3) MoxkHO paccmaTpuBatE COCTOAILMM Kak Obl H3 AByX YacTelt: 
OAHOPOAHOrO Noa JH nOsa 2, ompexennemoro BLINYYMBaHHeM JIMHHE 
HHAYKUMH. TloroK 2 Ha3biBaloT KpaeBbIM MOTOKOM. 

B npaktTwyeckux pacuerax MPHMCHHETCA HECKOJIBKO METOJOB oripe- 
ACA€HHA MPOBOAHMOCTH. 

Avaautuyeckniit metox. B NpOCcTeHiweM CJIyuae, NpH HanHaHH 
CAHOPORHOTO NOJIA MeKLY TBYMA MapaJVebHbIMH MOcKOCTAaMH OoJib- 
WIOH NPOTAKeCHHOCTH, NPOBOAUMOCTE BOSAYWIHOrO 3a30pa onpeseanetca 
Kak OTHOWECHHeE MOWagk g—ceyeHHA mMOTOKa K WJHHe 6 —nrytTu 
JHHMH MOA B BOsZyxe. 





66 | , 
G= Ho Ze, (3-6) 


re q—cm?; 6—cm; py = 1,25. 10-8 _. 


Q:-cm 
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Jina cnooKHbIxX cayyaeB, HanlpHMep AJA BbINMCICHHA II pOBOJH- 
MOCTH TOA M@KLY JBYMA MapasViebHbIMA UWAJHHApaMy Hun JA 
noua MeXKAy WHIHHAPOM HM MVIOCKOCTHIO, MOJbSYytOTCA COOTHOMICHHAMH, 
BHIBeECHHBIMH Ha OCHOBe TeOPHH NOH. 

B ta6suue 16 mpHBeszeHbI COOTBeTCTBYIOUIHE (pOpMyVJIbI, OJly YeHHBIC 
Ha OCHOBe TeEOPpHH MOA. 

Metox, pasOuskH nod Ha mMpocTbie (purypbi. CylHocTb sToro 
MeTowa 3akJlouaeTCH B TOM, YTO BCe Tole B BOSAYUIHOM 3a30pe 
MexKAy MWoslocamH pasOuBaeTCA NOCpeACTBOM Tpy6oK HHAYKUMM Ha 





®ur. 3,4. pumep pa36uBka noma Ha NpocTble bury ppt: 


1— npaMoyrombHblt mapannenennney, 9 —ueTBeEpTh Kpyrsoro 

wHnuHApa; 11 — yeTBepTb Kpyrvioro nNownoro uHnHHApa;, 16 — nNo- 

NOBHHA Waposoro KBagpaHTa; 17 — NOAOBHHA KBaypaHTa Wapo- 
BOK OGOMOUKH. 


px MOTOKOB, IpHueM pa3OuBKa NpOH3BOAHTCA TAK, yTOObI 9TH TpyOKH 
HHAYKUMM HMedH COpMy MpOcTbixX TeOMeTPHYeCKUX cburyp, HalpuMmep 
LIHJIMHApPOB, TMOJYUHHHApOB Hu T. A. 

IIpopomumocTb KaxKnoH TpyOKH Ollpefeinetca Kak OTHOWEeHHe 
cpefHero ceyeHHA TpyOKH K cpennefi ee AuHe. Ilonnaa mpoBosa- 
MOCTb PaBHa CYMMe MpOBOAMMOCTeH OTCbHBIX Tpy6oK, ec TIpH- 
noKeHHaA K KOHIAM pa3HOCTh MarHHTHbIX NOTeHWMAIOB OCTacTCH 
quia Bcex Tpy6ok ognHaKosol. Ha curype 3, 4 npuBeneH NpHMep 
Takoli pasOuBKu. PaccmaTpuBaetca Moule MexKAy ABYM* nowr0caMi 
Au B, npuuem pasmepp nomoca B (B nyiaHe) B HeCKOJIbKO pa3 
Gombe pasmMepoB Mosioca A. Bce nose pas6uBaeTca Ha TAKE TpyOKU 
HHAYKUMH: 

] — NpaAMOyroJbHEI Napasenenuney pasMepaMH CG, 6 u 8, npuuem 

$ —COOTBeETCTBYeT BEJIMYHHE BO3AYWIHOTO 3a30pa, 

9—uyeTBepTb Kpyrvioro WHIHHApa © pawHyCOM, PaBHBIM 8; 

{1 —uetpepTh nonoro Kpyrvioro WHHHApa C BHyTPeCHHHM pa- 
JHyCOM, PaBHbIM 5, H Hapy?KHBbIM, PaBHBIM S -_ m, rae m— HeKOTOpad 
NPOH3BOJIbHad BeJIMGHHa, IpHHuMaeman OO6bINHO MO OTIbITHbIM AaHHbIM 
H papHas (1 + 2)6; 

15 —nonopnukHa WapoBoro KBaApaHTa, 

17 — nooBuHa KBagpanTa wWapoBolt OOONOUKK. 


76 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 











Tabauya .16 
PopmMyAb 218 BLIYHCACHAA NpOBOAHMOCTeA BOSAyUHEX nyTeit 
Ne IcKn3 rtposonsnoen rr coage Pp = 1,25 - 10-8 
ae acm 
; Mapannenbubie wHAMHIpH (6e3 yueTa 
MpOBOAMMOCTH KpaeBoro NOTOKa) 
ab 7 be 
2 Gi= toy (1); G2 =vogy (2) 
Henapanenbubie mocKoctTu, pacnovio- 
*KeHHHe MOA yrsom (6e3 yyeta mpopo- 
‘ QHMOCTH KpaeBoro noToKa) 
: R, 
_, Ofde_ 6b Rs 
Gs= oz | Pig Ine (3) 
R, 
IlapannenpHpe WHMHApH. 
Qui 
1) Gy = py) ————_ = (4 
One PRI) ©) 
b?— Ri —R; 
4 Ri #R., k= ORR 
6? — 2R* 
Ri=Rz=R;, k= — oR? 
10 4 
2) npxp 6>8R; Gaya =p In b/R (4a) 
IWHHAp, NapasaenbHbit M0cKOCTH. 
Qrl 
G = a 5 
5 = Ho b+VR_R (9) 
5 aia ae 
npy 6>4R 
2x 
Ga =o In 26/R (5a) 
KonleHTpHyeckHe UHHHADHI. 
Qu 
: Ge = ty In R/r (5) 
ecmH r>%, rné }= R—r, to 
2 3 
Ge a = iy =n + Be (6a) 
I[vHHAp WH KOHUCHTpHyecKHe NoBepx- 
HocTH (6e3 yyeTa MpOBOAHMOCTH Kpae- 
Boro noTOKa) 
06 
7 jm 
Gr = ty In R/r (7) 
pu. r > B; Gra = po cr ome (7a) | 
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(npodoancenue ) 
60 aig 60 
Ne | IeKH3B Iipoponumoctbh G — ; py == 1,25 - 10-8 —— 
ae acm 


TlonopHHa WHIMH Apa. 
Ppabuyecku: d8¢p = 1,228; 


mh2/ 














dep = 3. 1.92-3 == 0,3228/ 
Gs — Yo 0,26f : (8) 
UerpepTb UHAHHApa 
: Gy — Lo 0,52/ (9) 
$ 
{lonopuya nomoro WHAHHApa 
3 + Ls 
cp Th 9 > Icn= 
10 
al 
Gig = tp ——— (10) 
E 
m 
YerpepTh nosmoro WHIHHApa 
2l 
1} Git a ee aa (11) 
Tt (2 + 0,5} 
m 
Teo BpauleHHA 
12 Gig = pp + 0,26 = vy 1,637 (12) 
2! Ar 
13 Gis = Bo a ae = Pos (13) 
eet!) owt 
Japopow KBaypaHt 
dep n [2 ) 
= : ——{—]|]:; g=0,13?; 
14 Sp } é Sep ah 1,38; 3 (3 ’ q 0, 
Gis = o* 0,0778 (14) 


15 ic O ITlonopuHa wlapoBoro KBaspaHta 
o/2 | b/2 Gis == Uo? 0,3088 (15) | 
(7 Kpafpant wapoBoli o60s104KH 
(e n 
16 Gis = Bo r (16) 


TlonopHya KBalpauta wapoBol o6o- 


A JIOUKH 
17 n 
d fe mm Gi = by > (17) 


2 
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Homepa MOMMCHOBaHHEIX (OPM COOTBETCTBYIOT O603HAYeHHAM Ta- 
6muub! 16. B sto xe Ta6nHe NpHBexeHH! (OPMYJbI AVIA BbIUNCIE- 
HHA MpOBOAHMMOCTeH pa3HMUHbIX MpocTHIX cburyp. 

PacueTHO-sKcnepHMeHTadbHble dopmyabi. HexoTopbim” aBTopaMu 
Ha OCHOBaHHH Pa pacdeTOB H ZKCNEPHMeHTAJbHbIX MaHHbIX ycTa- 
HOBJICHO YHCJICHHOe BJIMAHHE KpaeBoro a>ppekTa Ha BeJIMYHHY MpoOBo- 
AMMOCTH Mey MOCKHMH NPAMOYFOJIbHBIMA HW KPYrJIbIMH TIOJIO- 
camu. A. T. Cnaupuncko Ha ocHOBe MpoBezeHHbIX 3aMepoB Mpesuio- 
KEHbI (OPMYVJIbI AIA OMpeseleHuA MarHHTHOH NMpOBOAHMOCTH MexKLY 
NOJOCAMH pa3JIM4HbIX (OPM — MMOCKHMH KOHHYeCKHMH, yCeYeHHbIMH 
-KOHHYeCKHMH. 6. K. Bysb nocTpon pacueTHble KpHBble AA oMmpe- 
HeeHHA MPpOBOAHMOCTH Mey NJIOCKHMH MowOcaMu NpAMOyrosbHOn 
dopmpl. LmMuged> NocTpou pAA ONbITHBIX KPHBbIX JIA ONpezemeHHA 
MpOBOAHMOCTH 3a30pa MexKAY NOCKHMH NovocaMH. 

B. K. Byab u Ulmugesb onpexensior no cbopmMyse ogxoponHoro 
no1a G = hp S28 NPOBOAHMOCTb 3a30pa Cc yyueTOM KpaeBoro adbdexkTa; 
SHaueHHA A, HM 6b, ABNAIOTCA pa3MepaMH HeKOTOpOrO (PUKTHBHOrO n0- 
Aroca, OTMH4AIOLHMUCA OT ACHCTBHTeJIbHBIX pa3smMepoB a u OD. 

Vpaduueckui metox. Ilo stomy mMerogzy nocpexcTrBom «uHua HH- 
AYKUHH WH SKBUNOTCHUHAJIbHBIX JIMHHA, NOCTPOeHHbIX Ha OCHOBaHHH 
WaHHbIX O 3HAaYCHHH pa3HOCTH NOTeHWMaOB MeKAY OTeIbHbIMH 
YaCTAMH TMOJOCOB, MOJIe pa3sOuBaeTCH Ha pAA OTACIbHBIX Tpy6OK. 
lpapuyeckw onpemematoT cpefHee ceveHve MH cpeqHIOlO AWIHHY Kax- 
OW TpyOKH NOAA HM MO STHM AaHHbIM NpOBOAMMOCTD Tpy6Ku. Obmas 
MNPOBOAMMOCTb BO3AYIUHOFO 3a30pa paCC4MTbIBaeTCA KaK CYMMA€ IIPOBO- 
AMMOCTeH OTAeAbHbIX TPy6OK. 

CpapHeHue MeTOAOB H OOaCTb HX npumMenenua. Han6onee yy06- 
HBIM JIA pacueTa ABJIAeTCA aHaJIMTHYeCKHH MeTOR. OnHaKO OH MpH- 
MeCHHM JIA OrpaHH4eHHOrO 4HCa CAy4aeB, KOrAa AIA BbIBOAa (bopMy.t 
MO2KHO TOJIb3OBaTbCA TeOpHeH NOVA. | 

Metoy pa36uBKH NOJIA Ha MIpocTble (urypbl AaeT pelleHuve sanaun, 
B OCHOBHOM, AIA BCeX C/lyYaeB ONMpexeeHHA MpOBOAMMOCTeH MexK Ly 
NOOCaMH Pa3HbIX (OPM. OTOT MeTOA AaeT peuleHve B aHanHTHYe- 
CKOH (hopMe, NosTOMy ero yQOOHO MPHMeHSATb WIA cayyaeB, Korga 
TpeOyeTcA BbIUMCIHTb PAA 3HateHHA MpOBOAMMOCTH, a TakK2Ke NpoH3- 
BOAHBI€ MPOBOAHMOCTH MO xofy saKkopa. Hecmotps Ha mpu6s1M2KeHHOe 
PeleHHe 3aa4H MeTOZOM pa3OHBKH NOJIA, pe3ybTaT Nosyyaerca B 
ipewesaxX TOYHOCTH, AONYCTHMOH AJIA NMpakTHueCKHX pacyeToB. 

PacyeTHO-3KCNepHMeHTaJIbHbIe ~MeTOAb! HMeIOT orpaHHyueHHytio o6- 
AaCTb MPHMeHeHHA, TAK KaK B HAX PpaCCMATPHBAIOTCA MOJIOCLI TONbKO 
onpefeneHHon dopmbl. Metosbi STH WaloT pewenne He B aHalUTHYeCKOL 
bopMe H Heyfo6HbI, NosTOMy, Mp pacuetTe npoBosuMocrTeli NIpH MeHsIO- 
IM€MCA 3a30pe, NPOH3SBOAHY!O MPOBOAHMOCTH NpPHXOAHTCA onpeeATb 
rpauyeckum Auddepenun poBankem, MeHee TOUHBIM, YeM aHaNHTHYeCKOe. 

[paduyeckni mMeTO. nmpHMensetca B Tex culyyaax, korga Kap- 
THHA NOMA BeCbMa CJOKHA, HaNpHMep NPM BbIMHCJIeHHH Nola MexKLy 
KPHBOJIMHEHHbIMH NOBEPXHOCTAMH. 
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Ha curypax 3,5 no 3,12 npHpeyenbl MpuMepbl BEIUHCeHHA MpOBo- 
AMMOCTeH BOSAYIUHbIX 3a30POB B pa3sJIHUHbIX YaCTAX MA@PHMTHbIX CHCTeM 
pene. [IpH sbrnceHHax ObINH NpHMeHeHbI PopMyJibt TabAHUbI 16. 





7 een Bag ®ur. 3, 6. [Ipoponumoctb MexKAy NpAa- 
MOYTOJIBHbIM TIOJIKOCOM — NAOCKOCTbH: 
G = G,+G, + Gy + 4Gis + 4Gyy} 
man G, u Gy: 2 = 2a + 2b. 





@Mur. 3, 5. Ilpopogqumoctb MexKAy 
TIPAMOYTOJIbHBIMH MOOCaMH: 


G = G, + Gy + Gio + 4G + 4G; 
ana G, uw Gy, : 1b = 2a + 2b; m = (i 238. 





Mur. 3, 7. IIpopogumoctb MexkyAy 
ABYMA KpyrJibIMH NO0CaMH: 
Gea G, + Gis + Gis. 


' -_ Sur 
i Z re 





ur, 3, 8. TipopogumocTb MexKLy AKOPeM HW NOJIOCHBIM HaKOHCUHHKOM: 
GQ — pa3OMKHyTOe NoOKeHHe AKOPA: 
G = G, + (Gy + Girdy + 2(Go) q+ (Go) iH; 
rr, 
G. = te ap ;8~ pad; 
gna G, 4 G,, BHNCAAOT | B KamKAOM KBanpaHTe 
b— SaMKHyTOe NONOMeHHE AKOPA: 
rr,* 
G = Be 3h , 


$) — Ope OTCYTCTBHH HeMarHHTHOA NpoKAagKH — NopayKa 0,01 cm. 
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Pur. 3,9. Tposogumocts MeKLy 
AKOpeM H CKO6OH: 
G = Gy + Gig + Gay + Gry + Gry; 
a-b 5,+3, 
2 9 


Gi, =p,—: ao 1 


6 
& ~ nopsgKa 0,01 cm. 








Pur. 3, 10. Mpamoxogozoi anextpomaraut QHIHHIPHYeCKOH opMbl: 
6<1,; 6— nonunt xoq aKopa, 


a) Ilposogumoctu pa6ouyero sa3opa: 





F 
Gp = po — + © 1,63p rs 
p as Bo » athe 4: 


SHayenne m onpenesnerca H3 YCNOBHA paBeHcTBa 


MaKCHM@IbHOH AJIKHEI CHOBOH AHHHH 
adc 
MYTH AKOPA K spmy — ab: ABohHOro 


a({m+-5) m2 (=r), 


b) TIposogumocrn HepaO6oqgux sa3opos: 


2n (r, + 0,5 A) 
A 


Gry = jo Ah; A — nopanka 0,015 CMY 


G _ Qn r; * h 
na 2 Seman naa > 4p — NOpagzKa 0,005 cas, 


c) [Ipopoxumoctua YTeuKH: 
yReibHan ~ Ha l cm ANHHbI g e ie ime ; 
nr,fr, 


Cy 8 (&@~ mM); Gye =e (y =m). 


Iipnpeneuuble 3Haqenn 
parpade 3-4. nee NiPOBOAHMOCTeH CM, B Mas 


' ® A. Cryneat 
8] 
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@ur. 3, 11. [pamoxogopoi aeKTpo- @ur. 3, 12. TipamoxogoBoh a avieKTpO- 


MarHHT WHsHHApHYecKOH dopmbt: MarHHT WHIKHApPHYeCKOH PopMbl: 
, -_ ; ia 
b> abc; Gy = Pot 475% § = acc; Gy = po ee Gy_ Pe 47 Ti 
(cm, Ta6nimy 16). 
at Ohno eas ee. eee 
Gurhae ay S eon. 
x(— + 0,5) m ' ) 
BrruncsenHe NpHBeseHHbIx 3na4eHHt Gye Ler(Ay tra); Mens 
Gyo H Gyn cM. B naparpade 3-4. 7, H3 ycuoBua abe = 4. 


Bpruncaenue npuBesenHbIx sHadenHé Cue 


Gio H Gay cM. B Maparpade 3-4. 


3.4, KOJ@ULHEHT PACCEAHN A 


Yuer pacnpenxesenua MOTOKOB. IIpu pacuete MarHHTHOH wenk 
HeOOXOMHMO HMeTb JaHHble O paciipeseJieHHH MOTOKOB M0 BCeMy MarHi- 
TOMpoBofy. 3a OCHOBy MPHHUMaIOT 3HaTCHHe noTtoKka ®, B padouem 
BOSMYWIHOM 3a30pe, H BCe OCTaJIbHbIe SHAuCHHA MOTOKOB B pa3HbIX 
yaCTAX MarHHTOMpoBosa BbIparkaioT B (PyHKUHH @,, WA vero MOJIb- 
3yIOTCH 3HaveHHeM KOSq<PHIMeHTAa PacceAHHA o. B cJIOxKHBIX MarHi- 
TONPOBOLaX MPHXOMWTCA YAATbIBATh HCCKObKO 3HaueHHH o. Pac- 
CMOTPHM JIA MpHMepa MarHHTHylo CHCTEeMY, npHBexenHylo Ha surype 
3, 13. B naockocrn N jekcTByeT NOTOK @,, a B nsockocru M 
b,+@,; Takum oOpa3som, ae 

nae at y 
Ui apo (a) 


g 
Burqucnenue 3HaueHuli o B (byHKUMH NOTOKOB HeyfOOHO, TaK Kak 
WeHsBeCTHbI BEIMYMHbI STHX NoTOKOB. IlosTomy ypaBHeHHe (a) mpeo6- 
pasOBbIBaloT TaK, YTOObI BbIPaSHTb ¢ B cbyHKWHH reOMeTpHYecKHX 
pa3sMcpOB MarHHTONpoOBosa. 
Eciv He YUHTbIBaTb MafeHHA MarHHTHOrO NOTeHIMaa B CTA, 
To 3HaucHHe M, onpegensetca H. c. KaTyWKH Ff, BeMMYHHa MOTOKA P, 
onpeseiAeTCA HenOJHbIM 3HadeHHeM H. C. F', Tak Kak H. C, KaTyUIKH 
MeHseTcH OT Hysia (nuiockocrb M) yo F (mAOcKOCTb N). 
G,+Ge , 
P,=FETG? (b) 
P= F/G; Fos. 
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YqAOGHee NOMbSOBATECA AIA BbIYHCHeHHA ®, 3Hauenuem F, a He 
F’, AAS GerO MeHHIOT COOTBeETCTBEHHO 3HayeHHe G, H mombsytotca 
SHAYeHHeM Cy, — NpHBeAeHHOrO 3HaYeHHA MpoBOAHMOCTH yTeuKH. 

P, =FG (c) 
u yn : 
V3 (a), (6) u (ce): ae 
Psa FG 


_ G+G, Gi + Gy 
‘= GiGs 5 =e Om GG, ; ef) 
Gi + Gy 
TlonyweHHoe sHayeHve o Ha30BeM KoStbuNMeHTOM paccesHHA TO No- 


TOKY. 





Pur, 3, 13, Pacnpegenenue noTokos B CHcTeMe. 


Yuet pacnpeyetenua uncnta —10TOKOCcUenJeHHi. [Ip npoektupo- 
BaHHH MarHHTHbIX CHCTeM TlepeMeHHOrO TOKa C KaTYWIKOH nMapamwenb- 
HOrO BKJUOYCHHA IIPHXOMMTCH JOMOJHUTEAbHO YYHTbIBATh KOSDHULMEHT 
paccesHHA NO 4HCJy NoTOKOCHeNTeHHE. 

Cuntaa 


USEF d= F5 (t+ ys (a) 


rye Y, Ye %y—4HCa noToKocuenJeHuh, COOTBETCTBEHHO — lOHOe, 
noToka paOouero BosqyuiHOro 3a30pa MH NOTOKa yTegKH, 
KoadpuuwenT paccesuHa ¢, nO wHcCAy noToKOcuenneHuit 








G,G, 
: 2 Veh. FG, +6, + 0G, 
ali ears GG, 
8 1*42 
oS G4 G; 
HJIH 
G.+G | 
oo = l -+ Gye GOS (3-8) 
rye G,,— MpHBeyqeHHoe 3HayeHue NpOBOAHMOCTH, G,, No 4HCcJIy M0- 
TOKOCMeJICHHH. 


Buiuicaenue Gy, mo notoxy. Onpefenum sHayeHue noToKa Pix 
Ha Bbicore x (ur. 3, 13). O6o3sHauHm: g—yazenbHaa marHuTHan 
NPOBOAHMOCTb NOTOKa yTeuKH (Ha | cm aHHbI), BEIaMCNeHHyIO No 
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reoMeTpHYeCKHM pasMepaM CHCTEMBI MexKy CepAedHHKOM Au apmom 8, 
H. c. Ha BbIcOoTe KaTyWIKH X% paBHa 


F, =F + (a); 


npH x=; 


snauenne gl = G,— MpOBOAUMOCTb MOTOKA YTEUKH, BbINHCNeHHan NO 
reOMeTPHYECKHM Pa3MepaM. 
Takum o6pa3om, 


q) 


Ga 


yn 


= (3-10) 


no}. 


3aKoH H3MeHeCHHA MOTOKa yTeNKH noKagsaH Ha cpurype 3, Ide, Co- 
oTHoeHHe (3-10) MpHMeHHMO JWI HeHAaCbILCHHBIX CHCTEM, KOrAa 
MAKCHMaJIbHOe 3HaueHHe HHAYKUHH B MarHHTONpoBose He MpeBblllact 
6 
11 - 1075+ 12- 10-5 <. IIpn 6ompiem 3HaveHHH HHAYKUMH HeOoo- 
XOAMMO BBOJHT> NOMpaBKH, YUHTbIBaIOlMe MageHve MarHHTHOrO HO- 
TeHUHalla B CepAedHHKe, 
CoracHO JaHHbIM pa MpoBeweHHbIX PpaCueTOB, MPH KOTOPbIX 
NpHHATO cpesHee 3HayeHHe p MO BCeli AWHHe CepedHHKa, BeIHYHHa 


Gi, © yueTOM NonpaBku 
Gcsou (3-11) 


yn 3 


Borucaenne Gy, NO 4HCAY noTokocuenwenHi. PaccMOTpuM MarHut- 
HYy!o cuCTeMy, NpHBeseHHylo Ha durype 3, 13a. Uneno noroKocuen- 
jenuii dp noToKa yTeuKH Ha yuacTKe dx, pactOJlIOxKeHHOM Ha pac- 
CTOAHHH X OT Havaya KaTYIUKH, paBHo NOTOKy d®,, YMHOKeHHOMY 
lla YHCMO OXBATbIBAeMbIX HM BHTKOB W,: 

db, = dP,w,, = F,g dx w, 
HJ 


be = | dd, = Fog de = FOG,.. 
0 


TakHM O6pa30M, 3HaveHHe NpHBeMeHHOH NPOBOAHMOCTH MO 4HCuy 


MOTOKOCHenJIeHHH ; 

Gyo = Lae (3-12) 
npH «=; 

Gy = oe (3-13) 
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B qaHHOM Cilyyae 3HayeHHe mpHBezeHHoli MpoBoxuMocTy B TPH 
pa3a MEHbLIUe BbIYHCJIeHHOH MO reOMeTpHYeCKHM pa3MepaM MarHHTo- 
npopona: G, = gl. Ecau yuntpipaTb NayeHue MarHuTHOrO noTeHUUana 
B C€pAeuHHKe, TO MOMKHO MIpHHAT 


2 gl 
Oy = ze. 3 (3-14) 


[Tpumep — psmoxoyxoBaa MarHuTHaa cucTeMa (pur. 3, 10). Onpe- 
ACIAIOT ABA KOSPPHUMeHTa paccesHHA: 





Oy — A AKOPA; Sg — AJA CTOMa. 
i ) 2 G . 


6 


TakuM o6pa30M, mpH s3agzaHHom noroKe @, 
noJyuaemM: B nwocKocTH M—o,®%,; B naocKocTu 
N—o,®,. Yuutswawr YAeCJIbHy!O TIPOBOAMMOCTb 
NOTOKa yTe4KH g: 





®ur. 3, 14. Scxusa 


mee, 2 es 2 
ape = 9 a ’ Sa =f a : MarHHTHOH CHCTe MBI. 


C yueTOM MaweHHA MarHduTHoro NOTeCHWHala B CTaJlu 


(X—m) , (y— m)? 
Cpa = 2a Guns = Ba 


Hpumep — marnutonposog (pur. 3, 14). B jaHHomM cayyae yuu- 
TbIBAaIOT NOJHOe SHaveHve G,, TaK KaK Ppa3HOCTb NOTeHUMaNOB MexK Ly 

H B, ecH He y4MTHIBaTh nanenua MarHHTHOrO MOTeHUHawa B 
CTaJIH, OCTae€TCA NOCTOAHHOH nO BceH mHHe, 


3-5. MECTONOJIOKEHHE MAKCHMAJIbHOrO SHAYEHHSA MOTOKA 
B MATHHTHOH CHCTEME 


B 3aBHCHMOCTH OT COOTHOMIeHHA MPpOBOAMMOCTeH BOSLYILHbIX 3a- 
SOPOB CHCTEMbI MeHSIETCH MECTONOJIOMKeHHE MAKCHMaJIbHOFO 3HayeHHA 
NOTOKa B cucTeme. B naparpade 3-3 npH onpegzenenun KospPuUHeHTa 
paccesHHA ObIIO MPHHATO, TO MaKCHMambHOe 3Ha4eHHe MOTOKa HMeeT 
MecTO y OCHOBAaHHA CepAeuHHKa, T. e. y Havata KaTywKu (ur. 3, 13). 

Alpyraa kKapTHHa nodyyaetca pH HaJH4HH JONOAHUTebHOrO 
BOSHYLUHOPO 3a30pa Og Mery CepeYHHKOM H ApMoM (cur. 3, 15). 
B 9ToM calyyae BCMeACTBMe TaneHHA MarHuTHoro NOTeHUHadla B 3a- 
30pe 63 YacTb NOTOKa yTeuKH ®,,, BOSBpalilaeTca OT ApMa K cepyeu- 
HUKY He y OCHOBaHHA, NO CTaJIM, a YaCTHYHO Mo Bosgyxy. B taxKoli 
CHCTEME MIOCKOCTh ab sABAMeTCH HeliTpasbIo H MexAY TOUKaMH a—b 
PaSHOCTbh NOTeHUHaJIOB paBHa Hysto. Paccroasuue /, Helitpanu or 
OCHOBaHHA KaTYLIKH SaBHCHT OT COOTHOLICHHA NpOBOsUMocTelt BO3- 
AYWHbIX 3a30poB. 
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Jina onpegenenua /, MOCTpowM CxeMy 8aMelleHHA (pur. 3, 15¢), 
B KOTOPOH 
U —nanpsaxenne Oatapel, cooTpeTcTByroulee H. C. KaTylwKH F, 


a 


U,—Halpmxenve BepxHell yacTH OaTapen, a U, — HHKHeH. 


U,=U4; (3-15) 
Us =U+, (3-16) 


gl, — gle —COOTBETCTBEHHO MpHBeseHHble MpOBOAMMOCTH yTeMKH AWA 
BepXHeli H HW>KHeH uacTeH CepedqHHkKa. 





Mur. 3,15. Cxema AIA onpemeneHHa MeCTOMONOMeCHHA MaKCHMaNbHOTO 
3HaveHHA MOTOKA. 


B HeliTpambHOM cJIOe CyMMapHble MOTOKH BepXHei YaCTH MarHH: 
TONPOBOMA NOWKHEI ObITh PaBHbl CYMMAPHBIM NOTOKAM HWKHEM YaCTH 
H HampaBsleHbl B pasHble CTOPOHb!. ITO yCuOBHe BbIPAKaeTca B CXEMC 








SaMCIICHHA. eee 317) 
G,G 4 Blt) _ gla : 

G = gOS 5 Us (G +S) =Us (Ga + 3). (3-18) 
Yqanutpraa (3-16) u (3-17), momydaem 
l 

US (2G-+ gl:) =U (2s + gla). (3-19) 

Tak Kak dt ao (3-19), pemaa (3-18) x (3-19) cOoBMeCTHO, O- 

myyaem 
IA  2G+gl° 


IIpu sagope 85 = 0; Gg 00, BeMUHHAa [,=0. SToT cy4an cooT- 
BeTCTByeT CHCTeMe, MOKa3aHHOH Ha cburype 3,13. IipH Hasmunu 3a- 
gopa 83, C yMeHbilleHHeM 6 HeHTpaJb MepemelilaeTCA KBEpXy. 

[Ipu sprBoge (3-20) He NpHHATO BO BHHMAHHe MaAeHHe MarHuTHOro 
noTeHuvadla B CTaH, YO AONyCTHMO Jin HeHACbIIIeHHbIX CHCTEM. 
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Bavsanke cMeilenua HelTpaau Ha pa6oty pene. 

a) BcucTemMax c NOBOpOTHbIM AKOpeM 3a30p Sg BCera MaJl CpaBHH- 
TeJIbHO C 3a30pOM 8;, CMelleHHe HeliTpanH HeBeMKO, HB Mpak- 
THYECKHX PpacdeTaxX NPHHUMAIOT, YTO MaKCHMYM TOTOKa pacnosomeH 
yY OCHOBaHHA KaTyIIKH. 

6) B mpsmoxogopprx cHcTeMax 
CMelleHHe HeHTpaJIbHOM MMOCKOCTH 
OKa3bIBaeT CYyIIeCTBeHHOe BJINAHHE 
Ha BCJIMYHHY CHJIbI Ha AKOpe: 3Ha- 
YeHHe COJIGHOHAHOH CHJIbl 3aBHCHT 
OT NOTOKOB ®,, H ®,,,, HanpaBJeH- 
HBIX B pa3Hble CTOpouhl (dur. 3, 16). 
IIpH yMeHbweHHH 3a30pa 6 Hel- 
Tpalb ab cMelllaeTcA K 9TOMY 3a30- 
py, NoToK ®,, ymeHbilaeTca, a D,,, 
YBeJIHGHBaeTCH, B pe3yJIbTaTe yero 
SHaYeHHe COJICEHOHJHOH CHJIbBI pe3Ko 
magaeT. IIpH BenuauHe 8, <0,ll, 
3HAYCHHEM COJIEHOHAHOH CHJIbI npe- 





HeOperaiorT. 
ul s 
Hwke MpuBoqutca mpu6mmKer @ur. 3, 16. Pacnpezenenue notoKos 
Had QopMylla Aa onpejzenenua B MPAMOXOAOBOH cHcTeme. 


3HaYeHHA 4. 
: £00 + Bl,) si 
*= F646, + a) me 


cje G—mpoBozuMocTb pa6ouero 3a3opa. 


3-6. TAQEHWE MAFHHTHOPO MOTEHWHAJA B CTAJM 
H B 3A30PAX 


IIpH pacuete MarHHTHOM Wenn BbINHCIAIOT NakenHe MarHuTHoro 
nOTeHWHala B paOouux HM Hepabounx 3a30pax, a Tak»Ke BO BCeX 
qacTAX MarHHTOMpoBona. 

a) Nanenve B ctaau. Jia Kaxxnoro 9emMeHTa MarHuTonpospora — 
CKOObI, CepeyHHKa, AKOPS — BbIUHCAIOT HHAyKuHIO B, Aaa 3TorO 
SM€MeHTa H HaXOAAT NO KPHBOH HaMarHHYeHHA HalpAxKeHHOCTh 
MarHHTHOrO NOJIA Aid “‘MaHHOrOo MaTepHaJia, T. e. nageHve H. Cc. Ha 
1 cm wuubl cTaiH. Tlagenve u. c. Ha AaHHOM yuacTKe CTaJbHOrG 
MarHHTONpoBosa WHO J;: 

F a = Ay, 
rie 11;—B CM. 

B HeKOTOpbIX 9JIeMeHTaxX MAaTHHTOMpoBoga sHayeHne HHAYKUHA 
HeOMHAKOBO 110 BCeH MX WIHHe. Tak, B cepneuHuke 9JIEKTPOMarHHta, 
u306paxenHoro Ha cburype 3, 13, wyzyKuua B., B BepxHell uacTu (y 
paOouero 3a30pa) MeHbille 3HayeHHH HMHAYKUMH B., — BHH3y, TO 
OOBACHAeTCA HAJIH4HeM MOTOKOB yteuka. C foctarounol Ama mpak- 


87 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


THUeCKHX wUesleH TOUHOCTbIO NagweHHe H. C. B CepMeuHHKe onpeje- 
seTCA MO CpeAHeMy 3HaYeHHIO HallpAKeHHOCTH NOJIA: 
1 
Fy = ty, (3-22) 
roe H,—Uarlps2KeHHOCTb MOJIA, COOTBETCTBYIOIWad HHAyKUAA By, 
a H, cootpetcTByioulan B.,. 

IIpy onpenenenun H ja cucTem Nepemennoro TOKa ClexyeT MpH- 
HHMaTb BO BHUMaHHe AMI JIHTY 2HOe 3HayeHHe HHAYKUHH BcTaM B, 
Jlanee Hy2KHO YUHTbIBAaTb, YTO B WIMXTOBAHHbIX M@rHHTHbIX CHCTeMaX, 
MIPHM@HAeMbIX, KaK MpaBHJIO, MIA SJICKTpOMAarHHTOB TepeMeHHOro 
TOKa, ceyeHve gq eTaJIH He COOTBeETCTBYCT Ce4eCHHIO CTaJIH, TAK 
KaK Mey OTJ@JIbHbIMH JIMCTAMH LWHXTOBKH MMeeTCA H30JIALMOH- 
Han mpocwolika, HeOOXOMMManA JIA) YMeHbIICHHA MOTe€Pb Ha IHCTe- 
pesHc HW BUXpeBble TOKH. Kaabii IMCT CTaJIH MATHHTOMpOBOa OKJIeH- 
BaeTCA C OMHOH CTOpOHb! S6ymarow TomuHHOH 0,032 mm Hsin MOKpbI- 
BaeTCA cyloem Jlaka TommUHOH 0,02 a.m. TloKpbitHe coem Jlaka JaerT 
myuliee peuleHHe, TaK KaK MleHKa Jlaka HerHrpockonH4Ha H Ooviee 
YCTOHUNBa M@X@HHyeCKH. 

IIpu onpemesenHu 3HaueHHA HHAYKUMH B CTaJM WHXTOBaHHOrO 
MarHHTOMpOBOa YSHTHIBAIOT KOS(PHUHEHT 3aMO.IHeHHA IUHXTOBKH. IIpu- 
HuMaiOT k = 0,95 — AA JIMCTOB, NOKPbITbIX JaKOM; Rk, = 0,90 — AA 
JIMCTOB, OKJICCHHBIX OyMaroli. 

Takum o6pa3om, 7 

| ne (3-23) 
kg ’ 
roe @— amity Hoe 3HaveHHe NOTOKA; 
g—ceyenHe eTaH B cm*; 


a 60 
B— amnautyauoe 3HaueHHe HHAYKUWUH, ae: 


6) Tlagenve B Bo3fyuHbix 3sa3opax. Ilomumo paOo4wero Bo3- 
WYWHOrTO 3a30pa Me@XxKLy AKOPeM H CepfeYHHKOM 9JIeKTPOMArHHTd, 
Ha3BaHHOrO Tak MOTOMY, TO MOMCHT Ha AKOpe CO3aeTCH MOTOKOM, 
IPOTeKAalOWIMM B 3TOM 3a30pe, HMeIOTCA elle H He padoune 3a- 
ZOpbl, Pe, Take TepsleTcd ONpefeienHad YacTb H. c. Tak, Hepado- 
UHM CUHTAeTCA 3a30p M@XKAY AKOpeM H sIpMOM. Kpome Toro, B Mar- 
HUTHOH cHcTemMe wMeeTCA HepadouHH 3a30p B CTbIKe Me*KAY cepsed- 
HHKOM HM CKOOOH (apmMom) (ur. 3,17), KOTOpbIH onpesemnetcaA 
HETOUHOCTbIO H3FOTOBJICHHA Wal(pbl CepAeYHHKa H OTBepcTHA cKOObI, 
a TaKKe TOJUMHOL NOKPbITHA LWHHKOM OGeHX JeTasel. Culeaqyet TaKxKe 
VSHTbIBATh HepaOouHi 3a30p MerKy CepWeYHHKOM H NOIOCHBIM Ha- 
KOHeEUHHKOM (pur. 3, 17 Cc). 

Ha OcHOBaHHH MpakTHYeCKHX MaHHbIX MPHHHMAarIOT CJleAyloulHe 
SHaYeHHA HepaOounx 3a30pOB B CTbIKaX JBYX HeMOMBH2KHDIX Je- 
TaJleH: 

1) npH coeAvHeHHAX, HCMOJIHCHNbIX MO HOpMaJIbHOMy TeXHOJOPH: 
yeckomy npoueccy, 0,05 um; 
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2) MPH cOe@AMHeEHHAX, HCNOMHeHHbIX c NPHMeHeHHeM aBseHuA 
nopanKka 200 K[/cm*, 3a30p cuHTaloT mpakTHyecKH PaBHbIM HYyJ0; 

3) KOHeYHbIN pa6ounii 3a30p Mexay NPHTAHYTbIM AKOPeM H Cepzeq- 
HHKOM CYHTaIOT TakxKe paBHbim 0,05 mum. 

CTaJibHble WeTaJiH MarHuTonpopoga (3a HCKOUeHHeM WHxTORaH- 
HbIX MarHHTOMpOBOJOB) OObIYHO OWHHKOBbIBAaIOT, NPHYeM CIO UNHKa 





ur, 3,17, KoucrpyxTupuble aneMeHToI MarHuTonpopoga: 


i — cepneqnuk; 2 — apmo; 3 — nomoc; 4 — HeMarauTHan 
npoksaynka. 


B cpefHeM OblBaeT nopagKa 15 MuKpou, Takum oOpa30m, pH conpa- 
KCHHM ABYX OUMHKOBAHHbIX CTabHbIX JeTaell cneqyeT yUHTbIBaTD 
HEMarHUTHBIM COM TommHHOH 8 = 0,05 + 2-0,015 = 0,08 11. 

B HeKOTOpbIX ciyyaax STOT 3a30p HCKYCCTBeEHHO YBeJIHUMBAIOT 
NPHMCHEHHEM LITHPTOB UJI MpOKMaqOK H3 HeMarHHTHOrO MaTepHavla 
(pur. 3, 17 c). | 

UluxTopaHuble MarHHTHble cH 
CTEMbI JWI APOCCeJbHbIX KaTyWeK 
H BCNOMOraTeJIbHbIX TpaHcctbopMaTos 
POB HCHOJIHAIOT Tak, 4TOObI yMeHb4 
IUHTb MOTepH H. Cc. B cTbIKax. Ha 
(burype 3,18a@ npupegen mnpumep 
TaKOrO MarHHTonpospoga. OrtTyenb- 
HbIe JIHCTbI UITaMMy!OTCA HeCHM- 
MeTpH4HOK Popmpr. Tipu Hasiomenun 
OAHOTO pa JIMCTOB Ha ApyroH no- 
JlyyaeTCA TaKOH MarHHTONpoOBoL, YTO bans 3:-18Tipanepeitneeoas 
NOTOK OT OfHOTO MHCTa K Apyromy MArHHTHEX CHCTeM. 
NPOXOAWT B OCHOBHOM He MNO CTbIKY 
MeKAY JIMCTaMH OAHOPO pAya, a Yepes MuCTEI CoceqHero paga. Bauny 
OOJIbIIOH MpOBOAUMOCTH 3a30pa M@*KAY MJIOCKOCTAMH JIHCTOB AByX 
COCeAHHX PANOB NOTepH H. C. NOMy4aloTcA He3sHayNTeNbHDIMA. Ecan 
TpeOyetca HCnOJHeHHe ypoccena c dHKCHpOBaHHBIM BO3,YLIHbIM 
SA30POM, MarHHTONpOBOA MCMOJIHAeTCA Tak, KaK NOKa3aHO Ha du- 





rype 3, 185. i 
Tlanewve H. Cc. B BO3ZYWIHOM 3a30pe OnpeqeAeTCA NO dopmyvie 
Faz, (3-24) 


rae  —norok B Bebepax; 
66 
G—~ MPpOBOAHMOCTb 3a30pa B aa" 
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3-7, KPABbIE MPOBOAHMOCTER 


Jina BRIYHCAeHHA QIEKTPOMAPHUTHBIX CHA, AeHCTBYIOWLAX Ha AKOPb, 
i} MlocTpoeHHA TATOBOH XapakTepHCTHKH 3JIeKTPOMArHHTHOTO pede 
HeOOXOMHMO HMe€Tb JaHHble MNpOBORHMOCTeH BO3AYINHbIX 3a30POB, 
HQMCHAIOIIUXCA TO XOMY AKOPH, a TakxKe 3HaveHHe MpOu3sBOAHOH 
STO! MPOBOAHMOCTH JWI PasHblxX NOJIOMeCHHH AKOPA. 


G dG 
Onpefeiuth 3HaveHHa = WH 7 MOWKHO ABYMA NYTAMH: aHaJu- 


cuuecKuM HIM rpaduyeckum. Han6osee yooOHoe H TOUHOe pelleHHe 
gahaqh NosyyaeTcA MpH aHasJIMTH4eCKOM MeTOLE. | 

PaccMOTpHM JIA TIpHMepa MpOBOAMMOCTb Me@xKAy ABYMA NpAMO- 
YFOJIbHBIMH CTep?KHAMH (cpr. 3, 5). 


a 


2 2b 
G = 1,25 - 10-8 E +. 0,26 (2a + 2b) + 0,647 | 
4. 0,3068 ++ m]; 


iG 2 )95 «1078 | 4 0,64 2, + 0,306 | 
ma +1) 


d 
Jina rpacbwyeckoro ompesevieHuA MpOHSBOAHOK MPOBOAHMOCTH He- 
OOXOMHMO NOCTPOHTh MpeABapHTedbHO KpuBylo G = f, (8) (ur. 3, 19) 
uu G=9,(9) H 3aTeM mpoBecTH onepannio rpaduyeckoro Audpe- 
penunpoBaHHa. ITponogsT kacaTebHble K OTA€AbHbIM TO¥KAM KPHBOH 
G = f,(8) (hur. 3, 20). 







de 
Cos 
G 
Uv 
G 4) HoPmMars 
GE 
as é 
0 Cc 
@ur, 3, 19. Kpnppie Mur. 3, 20. Ppaduyeckoe 
mpoBosxHMoctel. olpeleseHHe MpOH3BO,HOK 


MIPOBOAUMOCTH. 


EcnH m—maculTa6 ocH opfuHaT, a nm—ocw aOcincc, Tak 4TO 
Ge AB a OB 


C= 46> , TO 
m nt 
dG nd(AB) 2 y,9. 84 
i a eG) ee m ‘© ¥ 


Hatian 3Havenne ae [Wid paSHbIX 3HayeHHH 6, CTpOAT KDPHBY!O 


db 
(pur. 3, 19). . | | 
Jina mpopefeHua KacaTeJIbHOH K KPHBOH G = f, (5) HaxOJAT BHa- 
qajle NOJOKeHHe HOPMasH K KpHBOM B TpeOyemol TouKe. Jia sTOTO 
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MOJIb3YIOTCH Yy3KOH MOJIOCKOH S3epKaJla, KOTOpylO cTaBAT nonmepek 
KPHBOH Tak, 4TOOb! KpHBan H- ee 3e€pKasbHOe OTOOpaxKenHe cocTaB- 
AANH OAHY W1aBHylo, 6e3 H310Ma, KPHBYy!O. STO nNowoOKeHHve SepKana 
onpefesneT HOPMab K KPHBOH; KaCaTeJIbHaA %Ke K KPHBOH 6yzerT 
nepneHAMKYJApHa K HOpMaIH. 


3-8. MOTEPH B CTAJIM MAFHHTONMPOBOJA 


IlonHbie MOTepH CKJafbIBaloTCA H3 NOTepb Ha THCTepe3Hc H BHXpe- 
Bble TOKH: Py, = P,-+ P,. BenuuunHa notepb Ha BUXpeBble TOKH 3a- 
BHCHT OT HHAYKUHH B CHCTeMme, 
KaueCTBa H TOMIHHbI MaTe- 
pHawia. 

B [OCT 802—41 npupo- 
AATCA . HAHHbIE ~YJ@NbHBIX M0- 


én 
Tepb xP AIA pasHbIX MapOK 





6 
JIMCTOBOH SJIeEKTPpOTeXHHYeCKO 
CTaulH MpH HHAYKUMAX Fo 
By = 1.10-+* 2 2 
; rz, 
- cone 
B., = 1.5.1074 2 04 06 48 10 12 14 15-1079 
15 : cm? 
npH 50 et. Pur, 3, 21. Kpuspie nomHplx notepp AA 


erHpoBanHok ctan 0,5 wm, 50 ey. 
Tipu mpaxtuyeckux pacue- 7 

| 6 
Tax WIA HAAyKonHHu B> L104 NOJIbSYIOTCA CJIEAYIOULHMH ypo- 


CM 
ULCHHbIMH (POpMy J1aMH: 


P, = 05 7h B? (2 : (3-25) 
_ f 2 fem 
P= 4 (58) Car (3-26) 


Alanubie sHaveHuli KoappuuneHTos o, uo, ANA 50 ey npHBeseHb 
B TaOMue 17, KpHBble MONHBIX MOTepb AWA JIMCTOBOM 9/IeKTPOTeXHH4 
YeCKOH CTaJIM — Ha cpurype 3, 21. 




















Tabauya 17 
SHavenne KOspPPHUWEHTOB 5, H O,, 

Mapka cTa 21 92 | 33 | 38a} 34 Jota | D4AA 

Tonmnua MaTepHaua, | 
MM eines ge se aS cess 2,0} 1,5] 1,0] 0,56 10,5105) 0,5] 0,5] 0,5] 0,5 
Koappuunent o,. . .| 4,41 4,4] 4,4] 4,4 13,6132/2,85] 301 26] 2,4 
> a, » . | 89,6} 50,5 | 22,4] 5,6 |3,2 2,9] 2,3) 1,2) 1,2; 1,0 
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CneqyeT VUNTHIBaTb, 4TO JaHHbie, mpHBegennpie B LTOCT u 3B 
ta6nue 17, OTHOCATCH K OT/@JIbHbIM JIMCTaM cTaJv. B co6paHHoM 
llakeTe MarHHTOMpOBOsa NOTepH MOyYalOTCA 3HAYHTeIbHO OOJIbIUHMH 
(gp 2,5—3 pa3a), TO OOBACHAeTCH HaKJIENOM IPH LWTAaMNOBKe, HaJH- 
UHeM 3ayCeHH, a Tak?Ke 3aKJIeMOK B NakerTe. 

IIpu TepmMuyeckoH oOpaOoTKe NakeTa NOTepH CHHKalOTCH. 


3-9. TOKH H MOTPEBJISEMAS MOUHOCTb KATYWEK 


IIpu pacueTe MarHHTHOM CHCTeMbl HeEOOXOAHMO BbIYHCJIMTb 3Hate- 
HI TOKa B KaTyUIKe H MOTpeOmAemMOH KaTYWIKOH MouHOCTH. Jia 
CHCTeM NMOCTOAHHOrO TOKa 9Ta 3afaya pelllaeTcH BeCbMa MDPOcTo. 
SHAaUHTeIbHO OONee FPOMO3AKOe pellleHHe NMOMyyaeTcA WIA MaPHHuT- 
HbIX CHCTeM NepeMeHHorO TOKa. 

B 3TOM Culyyae TOK KaTYLUKH paBeH 


P= V (Lae + Tye)? Un + La)", (3-27) 


roe /,, H 1,,—COCTaBJIAIOlHe TOKa HaMarHHunBaHHA [WIA BO3szyu- 
HbIX 3a30POB H JIA CTaJIH; 
[,,— COCTaBJIAIOUIaA TOKAa KaTyIWUKH JWI KOMMeCHCaALHH MOTepb 
Ha rucTepe3Hc H BHXpeBble TOKH B CTaJi; 
[,, 1p — cocTaBAMOWIve TOKA JIA KOMMe€HCalliH MOTepb B KOPOTKO- 
34MKHYTOM BHTK@ 3JIEKTPOMAarHHTHOH CHCTeMbI — 9KpauHe, 
WIM B poTOpe HHAYKUHOHHOH CHCTeMBbI. 

SHayeHHA YKa3aHHbIX TOKOB 3aBHCAT OT NOTOKOB CHCTeMbI, AB- 
JIMIOULHXCA CyHKUNeH 9. I. C. KaTyWKH. OOblYHO B MarHHTHbIX CH- 
cTeMaX C KaTYWKOH Halip#XKeHHA 9JIEKTPH4eCKOe COMPOTHBeHHEe 
KaTYLUKH B HeCKOJIbKO pa3 MeHbitie HHAyKTHBHOrO. Tlostomy B mpeg- 
BaPHTeJIbHbIX pacdeTaX MPHHUMalLoT, YTO BCe NIPHJIOMKeHHOE K KaTYLlKe 
HallpAKeHHe YPaBHOBeLIHBaeTCA MpPOTHBOAeHCTBYIONULeH 9. I. Cc. 

Tak, e€CJlIH AKTHBHOe MafleHHe HallpAKeHHA 


Ir =0,1U, 
TO HHAYKTHBHOe 
Ix =UV1—0,1? = 0,995, 
NpH 
[Ir =0,2U; E =0,98U. 


B Tex clyuaax, KOrfa K KaTYyllke IIpvJloxwkeHO CHHYCOHJaJIbHOe 
HallpssKeHHe, H3MeHeHHe TOKa, KaK H3BeCTHO, MpOHCXOAHT He TO 
cHHycoHe, OfHakO JIA TWpakTHYeCKHX pacudeTOB MPHHHMaeTCA Jo- 
flyUkeHHe, 4TO Cilla TOKa H3MeHs#eTCH TakoxKe Ha CHHYCONZE. 

CoctaB.stollas TOKa HaMarHH4vBaHHA AAA BOSLYWIHbIX 3a30POB 
I4g. GHauenve [,, MOKeT OblITb ONpedeeHO H3 COOTHOIIeHHA 


V2-1,,wG =®, (3-28) 
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rie /,e— AecTByiollee 3HaueHHe TOKa B ammepax; 
P — aMIIHTyAHOe SHaYeHHe NOTOKA B BeGepax; 


G— MpoBOAuMOCTh BO3AyWHOTO sa30pa_ 2 : 


IIpu HaJIM4HH B Ma@fHHTHOH CHCTeMe HeCKOJIbKHX BO3QYWHBIX 3a30- 
poB H NyTeH yTedku sHayeHHe G B (3-28) npegzcTaBaneT co6olt now- 
Hy!0 MIpHBeeHHYy!O AIA BCexX NyTeH MOTOKA MpOBOAHMOCTD 0 BO3- 
yxy. IIpH STOM y¥HTbIBaIOT TIpHBeAeHHYIO 0 YHCJY NOTOKOcHenve- 
HHH MpOBOQHMOCTb yTeukH G,,. 
B page cayyaes Aa BbMMCIeHHA Iy, YROOHEe NOb380BaTECA co- 
OTHOLUe€HHeM 
U U 
lie ——~ (3-29) 


a ww2G ° 


[Ipumepbl BbIGHCIeHHA NONHOL NPOBOAHMOCTH [WIA pa3HbIX (pop 
MarHHTHBIX CHCT€M NIPHBeweHbI Ha (burypax 3, 22; 3, 23; 3, 24. 


® 
—t 


C G2 
ieee b, Gs 


oN 





Pur. 3, 22, Marsutnaa cuctema nepe- ur. 3, 23. Marnutuas cucrema nepe- 





MEHHOFO TOKa C NOBOPOTHBIM AKOpeM: MeHHOrO ToKa c Il-o6pasHpim MarHHTo- 
G.. l!pOBOZOM: 
Ggt+G,, 7] @D, ? G .o (G, + G,) + 2G 
G,+G,+G, yo 


gl 
Gyo = “g 7 IA HeHacbINeHHBIX CHCTeM; 


GC 2 gl 
yo™ > 3 — Jit HACLINIEHHDIX CHCTeM, 


@ur. 3, 24. [Ipamoxogonaa 
MarHMTHad CHCTeMa Nepe- 
MCHHOFO TOKa. 


G, = Gey ++ Gye; 
G, = Gy + G, > Gee: 


G,-G 
G ey s 
"0,4 G,* 


ab — QKRAA Hefitpanm yas noToKos 
YTeCUKA, 
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Coctapaniowan J,,. DTa COCTaBJIAOllad ONpeMeAeTCA HallpAKeH- 
HocTbIO noasa H, KOTOpyio HaXO2AT MO KpHBOH HaMarHW4HBaHHA MIA 
nanHoro 3HaueHHa HHAyKWuA B cTain B,. Tipu BblunceHHH HHAYK- 


uun B, yyuTbIBaeTCA pacipemesenHe NOTOKa B MarHHTONPOBOLe. 


Pp 
Jia qaHHoro yuacTka MarHuTonposoga By = bas 


cet 
[laneHve MarHuTHOrO MOTeHHMalla B MarHiiTONpOBose Fy, Hl, 


had 
Coctasustomaa J, BpruucameTca s3HayeHHe oTepb B BaTTax 
Ha rucrepesvc H BUXpeBble TOKH, P,. 
3 
= 7° (3-31) 
Coctasasiouan /, wan J,. BblavcuiseTCA MOLULHOCTh TNOTepb 
B 9kpaue, P,, WH B poTOpe HHAYKUHOHHOH CHCTEMBI, Px 


La. (3-32) 


Koatppuunent MoutHocTH. Yroa — Me?KAy BeKTOPOM HallpaKeHHA 
ceru U  BeKTOpOM TOKa KaTYIUKH OMpeseAeTCA H3 COOTHOMICHHA 


PtP o£, 


cos 9 = a ‘ 


(3-33) 
rne P = /*7 — akTHBHbie NOTepH B KaTYUIKe. 

MowHoctb, notpe6aaemaa TOKOBbIMH KaTyUIKaMH. BpluvcisseTca 
Kaxkyulanca mouHocTb UJ. OTy BeHYHHY BaxKHO 3HaTb TPH BKVItO- 
HeHHH KaTyUIKH BO BTOPHYHy!O Lellb H3MeCPHTeJIbHbIX TpaHc(popma- 


TOPOB TOKAa. 
Tlo aHHbIM pacueTa CHCTeMbl H3BeCTHbI 3HaveHHA I, ®, w, vr. 
Tora 
wPw =O 
Sg ae eS 
rae U,—namenve HalpaAKeHHA Ha 3a2%KHMaX KaTYUIKH. Torza 
Ut =1V EP + (in. (3-34) 


Jlanuple 4.18 NOcTpoeHHA BeKTOPHOM AMarpaMMb! CJOKHOTO MarHH~ 
ronposoya. [Ipu mocrpoeHHH BeKTOpHbIX AHarpaMM CJIOMHBIX MarHi- 
TOMpOBOMOB, HallpvMep cHCTeM pele MepemeHHOrOo TOKa C 9KPaHOM 
HJM TAaHPeHIMabHbIX HHYXUHOHHBIX CHCTeM, HeOOXOJHMO YUHTBI- 
BaTb, UTO NOTOK M OCHOBHOM YaCTH CHCTeMbI pactipesesAeTCA B CHCTEME 
Ha OTelbHble MOTOKH. B aToM cyuae NMakeHHe MarHKTHOTO NOTCH: 
Masia HM MOTepH B CTaJH 3aBHCAT He OT OTJCJIbHbIX MOTOKOB, a OT 
o6ulero. 

PaccMoTpHM JWI MpHMepa MarHHTHy!O CHCTeMy 9JIeKTpOMaruHtT- 
Horo pesle C sKpaHom (pur. 3, 25). CocTaBasioijne TOKa AJA MOTOKa 
Py ilyory Lycr WH Ly 
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I) Jue, —-OMpegennetca mo noToky ®, uw mposogumoctam G, 
H Uns 

2) Icy — OMpedensetca mo moToKy @, T. e. NpH HaxoxKneHHE 
NO KpHBOH HaMarHHUMBaHHA MaTepHasia 3HayeHua HH yuntwIBaloT 
sHaueHHe HHAyKUHH B, a He By. Ty xe cocTaBasiomyo I,., mpH- 
HHM@IOT H JIA MOTOKa Po. 





Pur. 3, 25. BexropHaa azuarpamma cHucTeMbI M€PeCMeHHOTO ToKa. 


3) In, HaXOAAT 3HaueHHe noTepp P,,, onpexenaembix noToKom ®. 
Alanee, STH NoTepH pacipexzensioT NponopuMOHabHO NOTOKaM: 


Pp P 
Pi=P, 5; P,2=P,F. 


3-10. KPHBbIE HAMATHHYHBAHHSA H PASMArFHHYUMBAHHA 


Aina pacueta syeKTpOMarHuTOB HM aHasH3a Hx pa6oTsl NOJIb3SyOTCH 
KPHBbIMH HaMa@rHHUMBaHHA H pa3MarHH4HBaHHA CHCTeMBI, T. @. KDH- 
BLIMH ® =f (F). [Ipu pacuere marHuTHOl cucTeMbI PpaccMaTpHBaloTCcs 
Clexzyrouve NOTOKH: 

P, — pa6ouni noToK B pa6ouem BOsAyWIHOM 3as0pe; 

®,— kpaepo NoTOK B pa6ouem BO3LYIHOM 3asope; 

®,— NOTOK yTeuku. 

Bea H. c. Katywku F pacnpegensetca B MarHHTHOM cuctTeme Ha 
nanewwe H. C. B padouem 3a30pe—F,, B Hepa6ouux sagopax F,, 
HB crag F,: 

FoP,i+ Fut Fe 


B 3aBHcuMocTH OT Tpe6oBaHHii pacueTa npHMeHseTCA Ba BapHaHTa 
KPHBbIX HAM@fHHYABaHHA HW pa3MarHH4HBaHHa”. 

1. Kpupan npeactapaset co6ol 3aBHcHMOCTb OTOKa B pa6ouem 
Sa3ope OT NafeHH H. C. B CTaqH H Hepa6ounx 3a30pax: 


Pe = Py + Oy = f (F, + Fy). 
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2. Kpvupan mpeactapiaet coOoi dbyHKUMio MOTOKa B paooueM 3a- 
30pe OT H. C. BCeH KaTYLIKH: 


De = Dp Px =f (Ppt Pu + Fe). 


Hipke pacCMaTpHBaIoTCA MpHMepbl MOCTpOeHHA TaKHX KPHBbIXx. 
a) Kpuspie Hamarnu4unsanua. Bapuaxm 1. PaccmoTpimM upHmep 
MOCTPpOeCHHA KPHBOH 


Dy = Dy + Py = [Pu + Fo): 


IlotoK pactipeleiseTca B MA@PHHTOMpoOBose HepaBHOMepHO: Mpv 
ONPe LeJIEHHOM 3HAYCHHH NOTOKAa B padoueM BO3SAYINHOM 3a30pe NOJy: 
YaIOTCA pa3Hble 3HAVeHHA MOTOKA B OTMEVIbHbIX YaCTAX MarHHTOMpos 
Bosa. 

[IpH nocTpoeHHH KpHBOH s3afaloTcA OMpefeJIeHHbIM 3HadeHHeM 
nOTOKa B pa6ouem 3a30pe, a 3HAYCHHA NOTOKOB B Apyrux YacTAX 
MarHiTompoBpola YycCTanaBJMBaloT B @yHKUMH STOO MOTOKa YMHOXKe- 
HHeM Ha KOS(ppHUHeHT paccesHHs| o. SHayeHHe o H3MeHHeTCA MpH 
xofe AKOps; Tak, B pa30OMKHyTOH cHcTeme ¢= 1,8—3, B 3aMKHYy- 
Toli—o = 1,05—1,]. 

IIpH pacueTe 9JIeKTpOMArHHTa BbIUHCIAIOT 3HaYeHHA CHA WJ 
MOMCHTOB JWIA HeCKOMbKUX MOJO2KCHHH AKOPA: HaYaJbHOrO (Pa3OMK- 
HyTas cHcTeMa), KOHeyHOrO HM MpoMexyTounoro. BcsegzctBue Me- 
HAIOULerOCs] IPH STOM 3HaUeHHA ¢ H BeJIMYHH HepaOounx 3a30p0B 
IIpPHXOJHTCH CTPOHTb HeCKOJIbKO KPHBbIX HaMa@THHYMBanHsA, COOTBET- 
CTBCHHO HPHHATbIM JIA pacueTa MOJIOXKCHHAM AKOPA. 

Merogbl BbISHCJICHHA MPOBOAHMOCTH BO3AYWHbIX 3a30PpOB MpHBe- 
yjleHb! B naparpade 3-3, a magenuit H.C. B CTaiM — B naparpate 3-6. 

Ha cburype 3,26 npHBeneHa MarHHTHaA CHcTemMa C MOBOPOTHbIM 
AKOpeM H KPHBaA HaM@rHHYHBaHHsA Jin Hee: 


O29 (F AP). 


K Hepa6ouHM OTHOCATCAH B paCCMaTpHBaeMOli CHCTeMe 3a30Dpbl 
¢ mpopoyumMoctamMH: G, WH Gy—HeH3MeHAIOULMMHCA TIO XOAyY AKOpA, 
G3 — U3MeHAIOWIeHCA MO XOMY AKOPSA. 

Tia mlocrpOeHHA KPHBOH 3aaloTCA MPOH3BOJIbHO HeCKOJIbKHMH 
SHANCHHAMH TIOTOKOB B pa6ouem Bo3zylwHOM 3a30pe. [lombsysxcp 
KOSqXPHUHCHTOM paccesHHA 9, BbIYHCAAIOT 3HAYeCHHE NOTOKOB B pa3- 
HbIX UACTHX M@PHHTOMpOBOsa Mp MpHHATHIX 3HayeHHAX ®,. Bee 
JaHHbIe pacuera CBOAAT B TaOsnny 18. 

Tlonb3yicbh KpHBOM HaMarHHUnBaHHA, H30OpaxKeHHOK Ha durype 
3, 26, MOXKHO pelluTb CulexyiomHe 3afadH, 

1. OnpegeiuTp 3HaueHHe NOTOKa ©, Mp 3a4aHHOM SHayeHHH 
H. C. KATYWKH HW 3aQaHHoll mpopogumoctTn pa6ouero 3a30pa Gy -+ Gx. 

OTKnafbIBaloT Ha OCH aGCHHCC OTpesoK 0a, COOTBeTCTBYIOINHH 
H. C. KaTYWIKH, H3 TOUKH @ NpOBOLT Mpamyio ab nog yrvom a, 


G,+G 


npHuem tga = —>——", (p—oOTHOUIeHHe MacuITab6oB OCH OpAHHAaT 
p 
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H aOcllucc; MpHMep BbIyHCeHuA p cM. cTp, 111). Orpesox bc onpe- 
menaeT coOoh BeHYuHY NOTOKa B pa6oyem sa3z0pe Pz. 
p 
Gi +6," 
Tianenve H.C. B cHCTeMe pacnpeyesaetca culeqyIonluM o6pa3om: 
OTpe30K oc AaeT 3sHayeHHe F, + F,, a oTpe30K ca—F,. Yron a ap- 
asetca (byHKuHel NMpoBoAMMOCTH paGouero 3a30pa. 


MG Dp + Dx 


SHaienie O, = OD, 








ur, 3, 26, Maruuruan cuctema uv KpHBaa ee HaMarHHyHBaHH”, 
Bapuant &, =f; (F, + F Je 


CornacHo durype 3,26 umeem: 
t e= 2, . ®, 
ca HO @, = Gat Gas 


cnemoBpaTebuo, 
tg i Gy + Gx, 
HJIH, C YYeTOM MacliTa6os, - 
G,+G 
g D. 
2. Ilo sanaHHomy noToky ®, uw mpoBogumoctu Gp+G,, HaliTy 
sHaueHHe TpeOyemMOH H. C. KaTYLUKH. 
M3 Touku 6 KpHBOH HaMarHHYHBaHHA, COOTBeTCTBYIOUIeH 3Haue- 
, Gi +G 
HHIO ®,, IpOBOAAT npsAmyto ba nog yrJiom a, npuyem tga = a ae 
MonyuenHblli oTpesoK oa cooTBetcTByeT F KaTyliKu. 
Bapuaxm 2. Yoctpoenve xpusoli Dy + Px = f (Fe + Fu + Fp)- 
IlocrpoeHve NpoBomuM {iA MarHHTHOM CHCTeMbI, NPHBeACHHOM Ha 
curype 3, 26. | 
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AnanorH4Ho fepBoMy BapHaHTy BHavasle CTpOAT KpHBylO Dy, + 
G,+G,,\. 
4+. ®,. = f(F, + F,) (pur. 3, 27), qastee 10g yrsiom 2 (tgs = = 


MpOBOAAT mipsamyto od. 
Jina Kaxkgoro 3aaHHoro 3HaveHHA ®, OTpe3OK dC, xapaKTepH- 
3yeT 3HageHHe F,, Tak Kak 
®,, 
a aaa eal a ae | 
Ja nOwyueHHA pesyJIbTHpylolleH KPHBOH HaMarHH4HBaHHA CKJla- 
HbIBAIOT OTPe3KH Cd H Ce. 


Db 2 Dy + By FE 
‘Pp fi» 
oly 
ES. | ea eee fF 
) 
Se LL. OZ _ 
e fz * H 
q 
o fe 7 a 
ge | ’7ef J \ 
Ze ' 
Uy i 
b ' 
i ' 
’ t 
Vlas ; 
' t 
| a2 on} 


- 
I-42 =a "his thee 


®ur. 3, 27. Kpusaa Hamarnnunsanua. Bapnant ©, = f, (F). 


Kpupan BToporo BapHaHTa Tak>Ke MO3BOJINeT PelIHTb 3aa4y 
onpefeieHua noTroKa @®, NO 3afaHHOH H. C. KaTylIKH. OHako pe- 
meHHe BTOpOH 3afauW — onpemeienHe H. C. KaTYIIKA MO 3a,aHHOMYy 
noTOKy H popogumoctHw G,+G,—B MaHHOM cJiyyae 3aTpyAHH- 
TembHO. [lostomMy B TipaKTHKe yale MpHMeHAIOT KPHBbIe MepBoro 
BapHaHTa. 

6) Kpusbie pasmarnnunpanus. Tloibsyacb KPHBbIMA pa3MarHH4H- 
BaHHA, YCTAHaBJIMBalOoT 3aKOH CHHKeHHA NOTOKa Mp YMeHbILeHHH 
H. C. KATYUIKH, a TaK2Ke BbIYHCJIAIOT 3HAYeHHeE OCTaTOYHOrO MoOTOKA 
B MarHHTHOH cHcTeme npw F =0. OGpnluHO uHTepecyioTCA KpHBOH 
pa3MarHH4HBaHHA TIpH MpHTAHYTOM MOMO%KeHHH AKOPA, T. €. TPH 
MHHMM@JIbHOM 3HaYeHHH padoyero 3a30pa. 

Bapuaxm 1. pu noctpoesun KpuBok HeOOXOQMMO 3HATb BeJH- 
UHHY HauaJibHoro noTOKa ®,, OT KOTOPOrO HauHHaeTCA Pa3MarHHdH- 
BaHHve, T. @. MAaKCHM@JIbHOe 3HayeHHe MOTOKA, NOJyuaromleecA B pa- 

- 600eM BO3XYIHOM 3a30pe pH 3aMKHYTOM AKOpe H NpH Ha/HYHH 
rlOvIHOH H. Cc. OTY BemM4HHy ®, oNpesewmioT NO KpHBOH HaMarHH- 
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udBaHHa. Ha curype 3,28 npusegena KpuBaa pa3sMarHHdHBaHHA. 
SafaoTcd HeECKOJbKHMH HayaJbHbIMH 3HaYeHHAMM MOTOKA: Di, Deg 
(roukH I, 2, 3, 4... KpuBoi). Jina touxn / sBenuuuHa Fot Fu 
onpegeviaetca oTpe3kom /—/. | 

Tip pbiuvcnenuu F, qua Kako uacTH mMarHHTOMpoBoga Ip - 
MCHAIOT KPHBbI€ Pa3MarHHYHBaHuA JIA WaHHOrO MaTepHana, Jiqa 
KaxKOro MaTepHaJia NPHBOAMTCA PAA KPHBbIX, BA KOTOPHIX 3aBHCHT 
OT NpeJeNbHOH BeAHYHHbI HHAYKUMM B CTaJM, nowJyyatomelica IIpH 
HaMarHHukBaHHh B NPAMOM HallpaByiewuu (cm. dur. 1,4). 






P62 Por Sn 
£ Fst By 

f= he +hg 
{ 
- | 
t 
j 
| 
ie Fei 
VI. — — — — I 
] 
t 
t 
( 
{ 
t 
’ 
i 
i 

c! Ve a oF 


Shem ™ 


Pur. 3, 28. Kpusan pa3marnuquBanua. Bapnant ,=fs (Fo +F,,). 


CnenzyeT o6paTHTb BHUMaHHe Ha TO, 4TO ANA HEKOTOPbIX 3Ha4e- 
HAM MHAYKUMH B CTaqu, Korga KpuBaa Pa3MarHH4HBaHuA MaTepHasa 
pacnOJlaraeTcA BO BTOPOM KBafpaHTe, NO/lyyaeTcA OTpHuaTeAbHOe 
sHauenne /. OrpnuaTenbHoe 3HayeHHe H. c. HI BblynTaioT u3 BelH- 
MHHbI H. C., HEOOXOAHMOH A NpoBeseHHA NMOoTOKa B pa6ounx 3a- 
30pax. 

Bee qaHuble pacueta cBogaT B Ta6mHLy, aHaJOorHyuHyto Ta6suue 18. 
[lonbsyacb KpuBOH pasMarHHunBaHHA, v300paxKeHHoH Ha durype 3,28, 
MOXKHO PeUIHTb CJIeAyIoulMe 3ana4uH. 

1. Haiitw uy. c., mp KOTOpoH oTMagaeT aKopb. SanaBasich noTO- 
KOM (®¢)om, HPOBOAAT npsamyto 6,a, NO” yrsioM a,. Hanomun, to 
B MaHHOM CJlydae MpH NOCTpoeHHH KPHBOM pa3sMarHH4ynBaHHuA yrou 
%, ONpemenAeTcCA MpPOBODHMOCTHIO j aGouero 3a30pa MIpH 3aMKHYTOM 
COCTOAHHH AKOpA. OrpesoK oa, AaeT Tpe6yemoe sHauennue F.,,. 

2. Haiitu Benuyuny octatounoro notoKa (®,)._, B MarHuTHott 
CHCTEMe B CJ) 4ae, CC/IH AKOPb He OTNanaeT pn F =O. Jaa gtoro 
NpOBOAAT NIpaAMylO 0b, MOA YIrOM a3 OTpesOK 0,c, WaeT 3HaueHHe 


S7ocm?* 
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Tabauya 18 
Jlanubie Avia NOCTpoeHAA KPHBOM HaMarkuduBaHHsA 
oe Se a ae a re ee ee 
Ceue- H, 
i Pp + Phy Tleranp @e, @66 | nue, |B = si ae F, ae. |%F, a6 
a 66 CM? dh. ig 
i 
] | De, | 1 | B, fy | Ayly | 
1] Poi + Pn= 
= Poy 9 | Pe, | Qs | Bo | He | Bei, 
| 
Dey Bs H, | s+ Hy y 
3 cDe, 9s | Bgy Hs; 2 : 
4 | oPe, | Ja | B, | Hi, | H,l, 
oP, Bay Als, A sy oT Hi; 
D Pe, | q5 B; Hi, 2 ts 
€ Dey 
Hepa6. 3a30p Pay | : | -_ 
3 | Po | | | | Pa/G3 
4 oD, | | | | cDe/G, LFy 
CM a ca a re 
2 Des ] | Dep | 91 | Bye | Ai Hyely 





H Tak flasee 


3, Hafira Bemu4nHy OCcTaTOUHOrTO MOTOKa B MarHHTHOH CHCTeMe 
B cJlyyae, KOrfa AKOPb 
DL = Port Sy oTnanaer. Jina  9Toro 
MpOBOAAT pAMy!o Obg 
MOM YyIrJIOM &,, COOTBET- 
mee aN _ CTBYIOWHM IIpOBOAHMOCTH 
pa6ouero 3a30pa pH 
ONyI[eHHOM AKOpe. 
Bapuanm 2, Crpoat 
Kpupylo (fp + P,) = 
=f(F.-- F,) WW mposo- 
AT Upsamyro od nox 
yraiom @ (ur. 3, 29). Ansa 
Novy veHHA pe3y JIbTH- 
pylolleH KPpHBOH CyMMH- 
pyioT AA KaXKON BbI- 
te 6paHHOH TOUKH Tpebye- 
i;  mble 3HayeHHA Fp 4 
Mur, 3, 29, Kpusaa a BapHaHT Fit Fo 
= J4 . 
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& 


3-t1. KPHBBIE MNOJIHOTO WH KJIA PABOTbI 3JIEKTPOMArHHTA 


Ha qurype 3,30 npuBeyeHbl KpuBble noJHOrOo unKua padotpi 
SI€KTpOMarHHTa. B MarHuTHOH cucTeMe MpH OTKNOYeHHOM KaTyuIKe 


H OTNYWEHHOM AKOpe HMeeTCA OCTAaTOUHIN NoTOK (®,),. Kpupasa db 
COOTBETCTByeT HaMarHHGHBaHHio 


CHCTeMbI TIPH pa3OMKHYTOM AKOpe. 






Po = Foe By 
& 
\ 
HN 
y 3 
+ \ 
hy id \ 
boN \ 
1 ee i t 
\ 1 
| \ } \ 
(#8 a ae 
f/ OCT. (Palen \ ¢ \ 
& ~E OA 
Vad ade. a : Ps \ 
- Deed \ a. NS ot 
io } co S* \ co PH \"y; \ af 
Ss v ler Cr la” lay 
fn 


- 


Pur. 3, 30. Kpxspie nonnoro naka pa6oTnt Q@KTPOMarHHTa, 


Iipu yBenmuenuu H. Cc. JO 3HaueHHA F49 (OTpe30K oa) MOTOK yocTH- 
raeT BeJIHYHHbI (Ps). pH KOTOpOH HayMHaeTCH ABMKeHHe AKOpA. 

Orpesox 6 — 6, KpuBoli HamarHu4quBaHHa onpexennerca H3MeHeHHeM 
MOTOKa NpH YMeHbIeHHH 3a30pa HW YBeHYCHHH H. C. KaTYLUKH JO 
sHayeHHa F (oTpe30K od,). 

Yrosl & COOTBeETCTBYeT MpOBOAHMOCTH G,-+G, npw orTnyuyeHHom 
AKOPe, YrO a—pH NpuTAnyToM. IIpuw cHmKeHuM H. Cc. KaTyLIKH 
NOTOK CllafaeT NO KpHBOH 6,b,. Touxe 6, cooTBercTByeT 3HayeHue 
NOTOKa (Pe)om, MPH KOTOPOM AKOpb oTmagaet. B yanbuefuwem, pu 
CHHOKCHHH H. C. AO HYJIf pasMarHHUMBaHHe NpOHCXoguT no sMHHH bod. 
Ec AKOpb CHCTeMbI He OTHafaeT, CafeHHe noTOKa MpoucxoguT no 
KpHBOH 0, — b, — bs. 


3-12. PACHIIPEQEJIEHHE MOTOKOB B MATHHTONMPOBOJLE 
Tlomb3yiCh KPHBbIMA HaMarHHYHBaHHA, MOKHO pellTp samayy 
OlpefeeHHA 3HaYeHHH MOTOKOB B pa3HbIX BETBAX 3€MKHYTOrO MarHH- 
TonpoBofa. PaccmMorpHM ABa MpHMepa. 


MaruuTHas CucTemMa C CHMMeTpH4HbiMu BeTBAMH (cur. 3, 31). Taxue 
CHCTeMbI NPHMeCHAIOTCH MpH HCMOJHeEHHH pa3JIH4YHOrO poda Apoccesel 


10] 
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HW BCNnOMoraTesbHbIX TpancdopmaTopos. MarHvTONpoBog HCHOJHAeTCA 
IUHXTOB@HHBIM Tak, 4YTO B CHCTeMe MpakTHYeCKH OTCYTCTBYIOT BOSAYI- 
HbIe 3a30Pbl. 

Cormacnwo cxeme samemenna F, = F, =F —@R,, nan 


F=®R, +, (Ry + Rg + Rj). 


Jina pewieHus 3aqaun crpoAT KpHBylo HamarnuuMBanua. Buayane 


ee 
cTpoaT KpHByio ©, =f (F,), AA vero 3afaloTcCH PANOM 3HaNeHHH 
noroka ®,, onpegeisioT HHAyKuHH B yacTax 2, 3, 4 H To KPHBOH 





@ur. 3, 31. MarnuTHaa cHcTeMa H KPHBble ee HaMarHHyHBaHHA. 


HAMAaTHHUMBAHUA AJIA- MaHHOro MaTepHalla HaXOAAT 3HAYeHHA HalipA- 
*KeuHocTH noma. Torna 


F = Adly + Hsls + A gly. 
B Kanon H3 MOJYYeHHBIX ToOUeK (m, n, Rk) RoOaBAIoT 3HadeHHe 
Fy = Al. 


Bennunna H, cOOTBeTCTBYe€T HanpA2KeHHOCTH NOMA TipH HAAYKUAM 
2D, 
B, a “hh . 
TlonyyenHple TOUKH my, My... COOTBETCTBYIOT OKOHYATeIbHOW KpH- 
BoH Ja NOTOKOB P, Hu P,. 
MarxutTHas cvcTeMa C HECHMMeTPHUHBIMH BeTBAMH. Take CHCTeEMBI 


(pur. 3,32) npHMeHsIOTCA B Tex CJyyaHx, Kora MKeNaTeIbHO HMeTb 





Our. 3, 32. HecummetpnyHaa MarHuTHad CHCTeMa, 


mpakTHyYecKH MOCTOAHHOe 3HayeHHe NOTOKAa B ONHOK BeTBH —@,, He- 
3aBucaulee OT H3MCHCHHA H. C. SOTO AOCTHTraeTCcA BBEeHHeM HeOOJIb- 
WWOro BO3AyWHOrO 3a30pa. Pemenve 3aauH OCYIIeCTBIAeTCA aHaJio- 
rHuHO TpeAbIAyWIeMy- | 
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* r 
Ctpoat kpusnie D, =f, (F,); ©, = f.(Fs), 8anaBaach pANOM Mpo- 
H3BOJIbHbIX 3HAYCHHH STHX MOTOKOB. 
B toukax m, n, k no6apaaior sHaqyeHHe F,=H,l. Tipu uaxo- 
*KeHuH Hy, yaNTbIBAaIOT, UTO 
ae, ’ Pai + &, 
— PD, = Da, + Dy; a 
1 


Uepes nowyyeHble TOUKH mf, ... May NpOBOAAT KPHBble, KOTOpbie 
COOTBETCTBYIOT NOTOKaM P, u M,. CyMMUpyA OpAMHAThI STHX MOTOKOB, 
MlOJlyuaioT TOUKH KpHBOH ®, 


3-13. METO, NOCJEQOBATEJIbHbIX NPHBJIMDKEHHE 


IIpH pacuere MarHHTHOH cHcTeMbI B cilyyae HaJHYHA B MarHHTo- 
MNpOBOZe OTHOCHTELHO OombIWOro BOSLyUIHOTO 3a30pa SHa4eHHe NoTOKa 
B STOM 3a30p€ MOMKHO BbIYHCJIHTb METOJOM NOCJeROBaTeIbHBIX NpH- 
O1mKeHHH, H36eran TakHM IlyTeM IIpHMeHeHHA Gosee rpOMO3AKoro 
rpaduyeckoro Metowa. 

CyiHocTh MeTofa nocTeneHHBIXx NpHOJMKeHHH SaKJOUaeTCA B CJle- 
wytoilem. Buauasie onpexenaioT 3HayenHe MarHUTHOrO NoToKa, He yuH- 
ThIBaA MakeHHA H. C. B CTaIH; Wasiee HAXOMAT 3Ha4VeHHe MHAYKUHH 
B CTaIM M Nagenve H.C. F,. [locne storo koppekTupytor nony4eHHne 
MIpeABapHTeJbHble NanHble. JIA MOACHEHHA CKa3@HHOTO paccMOTpHM 
lipHMep. 

Mpumep. TpeSyeren onpexenath sHavenHe noTOKa B pa6oyem sasope. Jlanune 
cuctempl: F = 2000 ae; sa3sop: g=2cm?, 8=0,25 cm; MarHHTONpOBOR: 2xKe1e30 
Apmko, g = 2 cm?, 1 = 50 cm. | | 

Nepsoe npu6anxenue. 


@ = FG = 2000 + 1,25» 10-8 4, = 2+ 10— nebep, 


KoppeKTHPOBKa: HHAyKOHA B CTanH pas: al - 10-* = . JKene3o0 


cu? 





Apmko: H = 2,4 a 
CM 
Fg = 2,4 « 50 = 120 ae. 


Takum o6pasom, 410 noroxa = 2+ 10—* tpe6yercn 2120 as. 
Bropoe npu6suxenne. 
YMeubUlalOT 3HaYeHHe MOTOKA JO P = 1,9 - 10—4 66, 


B, = 0,95- 10-4; He, =2,1; Fe =2,1- 50 = 105, 


Fo x 2 _ 1,9 + 10-* - 0,25 
eq id; 2D © 10-8 D 


F =F, + Fe = 105 + 1900 = 2005 ae. 
Takum oO6pasom, npn sHayenuu F = 2000 aa pa6ount noroK P= 1,9 + 10—+ 66, 


1900. 
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rniABA 4 


PACUET WENEM C NOCTOAHHbDIMH MATHHTAMH 
4-1. MATEPHAJIbI JI) MOCTOAHHbIX MATHUTOB 


TlocroadHHble MarHHTbI MpPpHMeHAIOTCA B pasHOOOpasHbIX YcTpOoH- 
cTBaX H [IpH6opax: pesle, 9JIEKTPOH3MepHTeMbHbIX MpHOopax, SJeKTPH- 
yeCKHX MallWHax; MOCTOAHHbIe MaHHTbl MIPHMeHAIOTCH Take AJ 
HOCTpOeCHHA KOMNACOB, TaXOMETPOB, CIIHAOMeTPOB, MarHUTHBIX Cella- 
paTopoB H ApyrHx yCTpoHctTs. 

PasHooOpa3sHe TpeO6OBaHHH, TIpeAbABJIAeMbIX K M@rHHTaM B yKa- 
3AaHHbIX YCTPOHCTBaX, OOYCJOBHO CO3aHHe pa3JIMYHbIX BbICOKOKOSp- 
LHTHBHBIX CIlaBOB, OTJIH¥AIOULHXCH MO COCTaBy, TeXHOJIOTHYeECKHM 
HM M@rHHTHbIM CBOHCTBAaM. 

B CCCP mpoBexeHbl MHOrOUuHCJIEHHbIe pa6oTbl 10 CO32aHH!0 HOBbIX 
CIaBOB JWI MarHHTOB H HCCIeqOBaHHIO HX cBolicTB. MssecTHbl paooThi 
A. C. 3aiimoscxoro, B. T. Jinsuimna, 1. M. Topranescxoro 4 Apyrux. 

Pa3smuyaioT Culeqyloulve OCHOBHbIe€ FpyMMbl CiWaBoB AIA NOCTOMH- 
HbIX M@rHHTOB: 

1) MapTeHCHTHble CTaJin; 

2) ciiulaBbl Ha OCHOBe 2KeJIe30 — HUKeJIb — aJIIOMHHHH, MacTHdeckH 
HeReEtPOpMHPYeMBIe ; 

3) ciiaBbl MlacTH4ueCKH RePOpMHPYeMBIe; 

4) crijiapbl Ha ocHoBe cepeOpo HIM MwaTHHa. 

1. MaprencuTHbie craau (cm. Ta6nuny 19). Jlyumime MarHuTHbie 
cnoficrBa movlyualoTca Ip CTPpyKTYPHOM COCTOAHHA CTaJleH, Ha3bl- 
Bae€MOM JIMCMepCHOHHbIM TBePJeCHHeM MapTeHCHTa, T. ©. MeTaJI TOJDKCH 
COCTOATh W3 MaPTeCHCHTA C BKJIOVeHHEM BbICOKOLUCHepCHBIX KapOHTOB: 

a) yrulepoguctad cTatb (JyauMMA cBOlicTBaMH OOJlaqaeT CTaJIb 
mMapku Y-10, npuMeHseMad JIA MarHUTOB MaJIbIX pa3MEPOB, HEOTBET- 
CTBeHHOrO Ha3HaveHHA); 6) BOJbpaMoBasd CTaJIb; B) XPOMHCTAA CTaJb, 
Gomee Rewlepad u MeHee Ae*pHUTHaA, YeM BONLiPpamoBas; [) KOOadJb- 
TOBAH CTAaJIb. 

















Tab6auya 19 
MapTencuHTuple cTaJin 
ee a re a ee en ere ee 
¢ ConepxkaHne 100aB0K 
K weslesy, °/y B, A, Y p 
Mapku a a 60° a 2 on 
C | Cr W | Co Mo cw CM cms M 
EX3 1,0 3,3 — — — | 0,95 - 10~* 48 7,8 | 0,29 
EB6 0,75 | 0,5 6 — — 1,0 - 10—* 44 8,1 | 0,30 
EK5 1,0 6 — 6 — 0;8 = 10=* 72 
EK15 1,0 9 15 1,5 | 0,75- 10-4} 120 
EK30 | 0,8 5,5 6 30 0,75-10-4| 160 8,1 | 0,27 


TlepeyucseHHble BHAI CTaen NOWLaloTca MeXaHHueckoH O6paborTke, 
KOBKe, OOpaGoTKe pesiom. Tlocme MexaHHyeCcKOH MarHHTbl NOABepraior 
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TepMH4eCKOH OOpa6oTKe: HOpMaH3alMH, NOforpeBy, 3aKasKe; pexKHM 
TEpMHYeCKOH OOpaboTKH AovKeH ObITb CTporo BbILepsKaH, B II pOTHBHOM 
Cayuae MONyyaloTcH MarHHTbl C MeHbileH MarHHTHOH dHepruell. 

Cram O6afaioT CKJOHHOCTbIO K CTpyKTYPHOMy CTapeHHlo: Koap- 
QHTHBHaAA CHJla MarHHTa CO BpeMeHeM CHM KaeTCH: BO u3b6exKaHHE 
CTapCHHs| BO BPeMA SKCIyaTalHH MpHMeHAIOTCA MpOUecchl CTpyK- 
TYPHOH cTa6usH3alHH. 

MapTeHcHTHble cTanH peqKO MpHMeHsotcs B COBPeCMeCHHbIX KOH- 
CTpYKUAAX pele, TAK KaK YTVIepOAUCTbIe, BOb(paMoOBbie HW XpPOMUCTHIe 
CTaM OO/laqaiOoT OTHOCHTeIbHO HeOOJbLIHM 3HaueHHeM MarHuTHor 
SHeprHu, a KOOabTOBbIe AOpOrH. 

2. CrilaBbi Ha OCHOBe KeJ1e30— HHKe Ib —a OMAHA (cm. Ta6uHIy 20). 
B coBpeMeHHBIX KOHCTpyKUHAX pevie NIPHMCHAIOT MOUTH HCKJIIOUHTEJIb- 
HO TOAbKO yKa3aHHble CiJaBbl BCJIEACTBHe HX OTHOCHT@JIbHO HeBBI- 
COKOH CTOHMOCTH MpH G6O/bINOM 3Ha4eHHH OTHOCHTeADHOd BeAUUHHEI 


Tabauya 20 
Cnaappi Ha ocHope Fe — Ni — Al 


ComepKauHe 206aB0K 











K Kele3y, % B, He! y | ep] Cnoco6 
Mapxa 66 a 2  |Mpu} “sroros- 
5 Ni | Al |Co} Cu | Si me ca | cu® |S) senna 
re ee 
(anu 1) 22 11 j}—; — j;—!  0,7-10-~ [200 
AH2 JIutbe 
(amHH 2) | 24,5 1} 13 |] 3,5 0,6 - 10-4 | 345] 6,9 
AH3 
(anuH 3) | 23,5 | 15,5)—]| 4 0,5 - 10--* | 400 
AHK 
(anHucH) 33 | 13,5}/—| — | 0,4 - 10-* | 600 
AHKOl 
amHHKO 12] 18 10 12] 6 0,68 - 10-4 | 400} 7,1 
AHKO2 
anHHko 15] 20 9 |I5; 4 0,75 - 10-4 | 480} 7,3 
AHKO3 
alHHKo 18] 19 10 18; 3 0,9 - 10-4 | 520 
AHK0O4 
MarHHko* | 13,5 | 9 {241 3 12- 10-4 | 400} 7,3 
Anuul2—23 | 23 12 0,6 - 10-4 | 280; 6,7 Mera.io- 
Amnnul3—25 | 25 13 0,5 - 10-* | 400] 66 Kepamuka 
AJHHKO Metaano- 
9—20-—15 20 9 j15] 4 0,65 - 10-4 | 465} 6,8 Kepamuka 
Maruuko 14 6 |24; 3 1,1 - 10-4 | 360] 7,1 | 6 
AsHu— 
15—24 24 15 4 0,33 - 10-4 | 360! 5,3 Metaauio- 
AJHHKO mmactika 
9—20—15 | 20 9 115 0,44 » 10-4 | 400] 5,7 








*Tlpuamewauune. Jas marnutos AHKO3 x AHKO4 yKa3aHHble MarHuTHble 
CBOHCTBa OTHOCATCA K HalpaBNeHHIO MpHvOKeHHOrO MarHUTHOro Hows pu TepMo- 
MarHHTHOH OOpaGoTxe. 
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MarHHTHOH sHeprun. Jina nowyueHHA pa3sAH4GHbIX MarHHTHbIXx CBOACTB 
K colaBaM WOOaBJAIOT NONONHUTeEbHO KPeMHHH, Med, KOOaJIbT. 

Yxka3aHHple CiivlaBbl HeKOBKH, OOalaioT BbICOKOH TBEPAOCTbIO 
HM [eTaJid H3 HMX BbINOJHAIOTCA NOSTOMY JAMTbIMH C nocwiely roueH 
o6pa6orKo Tpe6yembix NopepxHocTeH LIIHPOBKOH. — 

Toropble W3AeuA Tepel HaMarHHYHBaHveM JOJDKHbI NOABepratTbed 
repMiueckoli o6pa6otKe. [lo AaHHbiM FOCT 4402—48 npeaycmatTpH- 
BalOTCA C/leRyiollNe pexXHMbI: Win cnwapa AH] — 3akajxKa pH 1200° 
8 Kunamef Bowe, AH2—tTakaa xe 3aKanKa Ww oTHYycK mpH 550°, 
AH3—nHopmanusauua mpxu 1000°, AHK —npu 1200°, AHKOI — 
1250°; AHKO2 — 1300°; AHKO3— sakaaka npu 1300° B MarHATHOM 


oe (cxopoers OXNaKTeHHA 5 ope nO 500°} Hw oTnyck mpu 600°. 


B nocseaHne roxbl paspa6oTanp! HOBbIe Mmpolleccnl H3PrOTOBJICHHA 
NOCTOAHHBIX M@rHHTOB Ha OCHOBe 2Kese30 — HHKe/b — aJIOMHHHH. 
a) MeTannmokKepaMHdeCKHH MarHWT—NOpOwKA HS COOT- 
BeETCTBYIOWIUX MCTAJJIOB HK AMraTyp CIpeCCOBbIBaIOTCA B npeccpopMax 
T 
lO BbICOKHM laBJIeHHeM (nopana 10 2) H 3aTeM CheKaloTcaA IIpH 


f 
onpezenenHot temnepatype (1100 1300"). MeranmokepamMHueckHe 
MarHHTb! O6JaLaloT MO CpaBHeHHIo C JHTbIMH OOvIbUeH MeXaHH 4ecKOH 
MpOYHOCTbIO, ClpeccoBaHHoe u3feMe He Tpe6yeT LONOJHUTeJbHOH Me- 
xanHuuecko O6pa6oTKH. MarnuTHas SHeprun TaKHX MarHUTOB MECHbIle, 
yeM y JMTbIX (TIpHMepHO Ha 10%), yTo OObAaACHAeTCA HaJIMYHeM NOp 
B TipeccOBaHHOH feTaJIN. 

6) MeranaonaactHyeckH i MarHHT— MOpouloK, NnowJyueH~ 
HB H3 JIMTbIX 3aPOTOBOK CMJaBOB aJIHH HMM aJIHMKO, CMELLIHBacTCH 
C TBEPAbIM AHSJIEKTPpHKOM, Hanpumep C 6akeJMTHOH CMOJIOH, H mpec- 
cyerca Nog gapsenvem, IlosyyeHHbie JeTalM HarpeBaloT LO 120° 
H BbIepKHBAIOT MpH TaKOH TemMMepaType B TeYCHHe HECKOJIbKHX YacOB 
AWJIA NOJMMepH3alHH CMO\JIBI. 

MaryuutHan 3HeEprHA mpeccmarHnta COCTaBJIAeT BCerO 40% Mar- 
HUTHOH SHeEprHH HTOrO Mo O6nemy H 50'% — 10 Becy. Mexannueckan 
TIpOYHOCTh MpeCCMarHHTOB 3HAYHTeAbHO BbILIe, YEM JIMTbIX. Tak, npe- 


KI 

lel MpOYHOCTH Ha PaspbIB COCTABJAeT: y JIMTHIX 3—6 —., y mpecc- 
«I 
ane Pa3smMepbl MpecCMarHHTOB NOJydaroTCH TOUHBIMH. 

9. Ilmactuyecku yedopmupyempie cnuaBbl. Heo6xoaxHmocTb nosy- 
UCHHaA JICHT H MPOBOJIOKH iA BbINOJHEHHA MOABECHbIX MarHHTOB 
9JIEKTPOH3MEPUTeCJIbHbIX MPHOOPOB, KOMMACHbIX CTPeJOK, CIM LOMETPOB 
H ApyrHx ycTpOlicTB NpuBesa K CO31aHHIO BbICOKOKOSPUMTHBHBIX CIila~ 
BOB, AOMyCKalouluX MexaHHyecKyio OOpaooTKy KOBKOH, BOJIOWeHHEM, 
pesiloByto. 

K TakKHM CiaBaM OTHOCATCH: 


pukannoli I— 52Co+9,5V+Fe; B,=0,9- 10~* = : 
H, = 240 = ; 


MarHHToB — 12 
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BukKaoH I1—52Co+13V+Fe; B,=0,9- 10-4; fT, = 320; 

KyHude —cnas Fe —Cu— Ni; 

KYHHKO — cniaB Cu — Ni—Co. 

4. Cnaasbi Ha ocHose — cepe6po nau naatuna: 

cHIMaHall—Ag—Mn—Al; 8B, =0,5- 10-4; H, = 4800; 

cniap Pi—Co; B,=4-1074 H.= 3200. 

TlepewucneHHble CNaBbl NPHMCHAIOTCA TOJIbKO B MaNlOra6apuTHElKx 
H3MEpHTeJIbHBIX TIpHOopax, MarHHTOMeTpax, BHOpallHOHHbIXx npu6opax. 

8; Ess 

(3. lo-4 





on 
Fe 600 500 400 FOOD <9O 000 


®ur. 4, 1. Kpuppie pasmarnvyuBanna MarHHTHOTBeEpAbIX MaTePpHaJOB: 


& — XpoMaActasa cTanb; 2 — Bonbdpamopan CTasib; 3 —- Ko6anbToBan CTaJib; # — abHHACH; 
§ — aJibHH; 6 — aJIbHUKO; 7 — MarHHKO. 


Ha gurype 4, 1 u306paxenbl KpuBbie Pa3MarHHYHBaHHA pasHbix 
MaTepHaJios. [IpHpefeHupre B Ta6muuax 19 wu 20 sHauenua ana B, 
H H, OTHOCATCH K MAKCHMA@JIbHBIM BO3MOXKHLIM B J@HHOM MaTepyHaiie. 

IIpaxtuyeckv, YUHTbIBAA OTKJIOHeHHA B TeXHOJOFHH H3rOTOBeHHA 
MarHHTa HW B Npolecce HaMarHHYHBaHHA, NOJydaloT HeCKOJbKO CHH- 
*KeHHbIe (Ha 10—15%) 3HayeHua mapameTpoB MarHuta. 

HamarnwanBanve MarHuTa CieqyeT MpOH3BOAHTh TAK, YTOOBI Mo- 
JYUHTb HHAYKUHIO HacbiueHuaA B,. Cnenyer yuecth, 4TO MarHuTHan 
NPOHHNAeMOCTb MaTepHaJioB JIA MOCTOAHHbIX M@PHHTOB HM3Ka H 
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NOSTOMY TIpH HaMarHHYHBaHHH MarHHTOB HEOOXOAHMO HMeTb HCTOUHHK 
c GOJIbIIMM 3HaueHHeM HanpsxKeHHOCTU Noma. Tak, Aula cTaJleH Tpe- 
6yerca Jif HaMarHHYHBaHHa JO HHAYKUMA HaCbILeHHA SHadeHHe 


a 
H = 450-+ 500 <j, ) AVA BbICOKOKOSPUMTHBHBIX cnviaBop 3HaueHHe H 


npHHuMalioT paBHBM 6/7. 
Bompocbi KpemvieHiat HW OTAeJIKH MOCTOAHHbIX Ma@rHHTOB paccMa- 
TpHBaioTca B riage I. 


4-2. MATHUTHbIE MOTOKM OTJEJIbBHOrO MAFHHTA 


a) XapakTepHcTH4ecKHe AaHHble MOCTOAHHBIX MarHHTOB. [locTosH- 
HbIli MArHHT lpescTaBJiseT COOOH KYCOK CTaJIM HJM Kakoro-JIH6OO [py- 
roro TBepgoro civiapa, KOTOpbIH, OyAyywH HaMarHHued, yCTOHYHBO 
COXpaHAeT 3anaceHHylO YaCTb M@fHHTHOH 3SHeprHn. Ha3Hauenue T0- 
CTOAHHbIX M@fHHTOB—CJIYKHTb HCTOUHHKOM MarHHTHOTO NOJIA, He. 
MeCHSIOLLMMCA 34MeTHO HH CO BpeMeHeM, HH HOA BJIMAHHEM TAaKHX 
(bAKTOPOB, KaK COTpACeHHA, H3MeHeHHA TeMMepaTypbl, HaJIMYHe BHELI- 
HMX M@FHHTHbIX MOJeH. 


rod &: ey a 







QRANQAN f 





SS 





Me 
H.-H 
Pur. 4, 2. KonbueBow MarHHT; @ur, 4, 3. Kpupaa pa3smarHun- 
@ — 3aMKHYTHA: b—paspesaHHblit. qGHBaHWA. 


B pejectpoeHHH MOcTOAHHbIe MarHHTb! MpUMeHAIOTCA B KavecTBe 
9JIEMeHTOB TOJIAPH3OBaHHbIX MAPHHTHBIX CHCTCM H MarHHTO-S/IeKTPH- 
ueCKHX peJle HJM B KavecTBe TOPMO3HBIX MafHHTOB WHAYKUHOHHBIX 
peule. 

Jina onpeneneHua MarHHTHbIX XapaKTepHCTHK FOTOBbIX MaPHHTOB 
NOJb3Y!OTCA KPHBOH pa3sMarHH4HBaHHA, CHATOH Jia MaTepHaJia, H3 
KoTOporo H3roTOBJeH MarHuT. KpuBad 97a CHHMaeTCA WIA KOVIbIA 
(pur. 4, 2, a), KOTOpoe HaMarHHyMBacTcaA BHayade lO HHAYKUHH Ha- 
cbuenua B,. XapaKkTepHbIMH TOUKAMH KPHBOM ABJAIOTCA: OCTATONHAaA 
HHAYKUHA B KOJbUe B, H KOSPUHTHBHAaA CHa H, (cur. 4-3). 
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7nd MCnOWb30BaHHA SHEprun MarHHTa-HeOOXOJMMO H3roTOBATh ero 
C BO3AYIIHbIM 3a30pom. IIpu paspesaHvH KOmbUa HU O6pa30BaHHH B HeM 
3asopa 6 (dur. 4, 2, 6) uacTb H. c. MarnuTa saTpayuBaetca Ha lpo- 
BeACHHe MOTOKa B STOM 3a30pe, BCJeEACTBHe Gero HHAYKUMA B MarHuTe 
nanaeT oT B, no B (pur. 4,3). Coctapnstomas H. c., 3aTpaunBaeman 
NOCTOAHHBIM MarHHTOM Ha MpOBeJeHHe MOTOKA B BO3/YLIHOM 3a30pe, 
HaspipaeTcad CBOOORHOH H. Cc. SiBneHHe CHHDKeEHHA WHYKUHH Mar- 
HHTa B JaHHOM CJlyyae aHaJIOrH4HO ABJICHHIO, KOTOpOe HMesIO OBI 
MECTO, ECM Obl NpONycTHTb B KaTyilKe, HageTOH Ha TOpouL, pa3- 
MarHuUMBalolldH TOK OOpaTHOrO 3HaKa, MpOnopilvoHaJbHDI BesrH- 
uuHe H, BenwunHa sTOH pasmMarHHunBaiomen cua H , 4 TakKe 3Ha- 
WeHHe HHAYKUHY B BbIYHCJIMIOTCA Ha OCHOBAHHH CueMYyIOUINX coo6pa- 
*KeHHH: 

1) ‘pv 3aMKHYTOM KoJIbue BCA H.C. MarHuta F = H fm, HHAYKUHA 
B MarHuTe B,; 

2) TIpH pa3pe3aHHH KOJIbIa YaCTb H. C. MarHHta TepAeTCA B 3a- 


sope 3: 

F = F, -- Fe: 
rye F,— COCTaBJIAIONad H. Cc, MarHHTa, NpHxXo_Amasnca Ha BOSAYWHbIv 
3a3op. 


Hs npegzbiqymero v3BecTHO, TO | 
F,-G,=, HJJH Hly + G, = ®D,, 


rae G,—MarHHTHad MPOBOAMMOCTb BOSAYIIHOTO sagopa. 

IIpeqno0xKHM CHayala, 4YTO B CHCTeMe MarHuTa HeT NOTOKOR pac- 
cefHHa. B 9TOM CJly¥ae MOXKHO CYHTATb, YTO BeCh NOTOK MarHuta 
NpOXOAMT Yepes BOSAYIWHEIH 3a30p. Torga 


Bau = [1,G,; 
HJM 
B be | 
(a a a 
C Apyro# cTopoubl, Ha OCHOBaHHM AMarpammul, pHBezeHHoH na‘ du- 
rype 4, 3, 
B 
HW = tg a. 
Takum o6pa3om, 
i 
a G, = tga, (4-2) 


; | 
Pe Ge = po — MArHHTHAA NPOBOAHMOCTL BOSAyUIHOrO sagopa. 


YiMex JaHHble O MaTepHatie MarHuta (B Bue KPHBOH pa3mMarHH- 
WHBaHHA), pa3sMepbl MarHuTa J, H gu, PasMepbi 3a30pa g, H § MOXKHO 
BBINHCJIHTb, NOJb3yAcb (4-2), BeMHYHHY noTOKa B 3a30pe. JIna dToro 
CCAYEF MIPOBECTH Ha AHarpamme (cur. 4, 3) npamyto ob nog yrsiom a. 
Orpesox bc jaer BenuuMHy HHAyKUMH B Marunta. IotoK B BO3JLyll- 
HOM 3a30pe paBeH ®, = Bg, 
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B nanpHeiwux pacuerax OyAyT MpHHATbI BO BHHMaHHe MOTOKH 
paccedHua, 3HaYeHHeM KOTOPbIX B MpeBapHTeAbHbIX PaccyKACHHAX 
MbI lipeHeOperJiv. ; 

6) Yuer noToKa paccesuua Marnuta. Paccmorpum Govree oOmui 
cayual (bur. 4, 4), Kora Niouladb CeqeHHA paGouero 3a30pa Gp # Ju 
He paBeH momaqu ceyenua marnuta. Jlanee OyfeM yUHTbIBaTh NO- 
TOKH: pa6owit, B 3a30pe, P,, KpaeBoll P, w yTeuKH Dy. 

Torga KoapipHuneHT paccexHHA 


jas, Poth Pah Py Gp + Gr + Gyn (4-3) 


q, | Pp Gp : 
{4 
Onpenentenne ®, MpoH3BOAHTCA cuJe- 
Pay myrouim o6pasom (ur. 4,3): MpOBoLAT 
ipamyio ab now yrsioM %, NpHueM 





G oo 
iga= LF —, 4-4 
oe Gg. (4-4) 
Mur. 4,4. Ocku3 MarHHuta 
C NOJIOCHBIMH OauIMakaMH. re p—KosppuuweHT MacuiTa6os B 


4 
TlonyyenHoe 3HaueHve B xapaKTepH3yeT HHAYKUIO B CpeyHem 
ceueHHH MarHHTa. 
lloroK B cpeaHem ceyeHHH MarHita Py = Lgu; 
IloroK, paOouvH, B 3a30pe 
Bq 
@,=—"; (4-5) 


p o 





Pp 
MuazyKuua B pa6ouem 3a30pe B, = a 


B) [Ipsmouuueiinbie MarHutbl. Bpipamkenve (4-4) naeT pelieHve 
3alauH Jit MarHutTa 3aMKHYTOM, HanpwMep NOAKOBOOOpa3sHOH PopMHl, 
rye mposogumectu G MmoryT ObITb BbISHCJEHbI C JOCTaTOUHOH AJA 
MpaKTHueCKHX WeeH TOWHOCTHIO. 

B wacTosiee BpeMA WIMPOKO IpHMeHAIOTCA NOCTOAHHbIC MarHHTbl 
M3 BbICOKOKOSPUMTHBHbIX CIaBOB: aJIbHH, aJIbHHCH HM ApyrX, BBI- 
NOJIHACMBIX, KaK NpaBHJIO, B BUAe IpAMbIX HJIH HEMHOrO H3OrHYyTbIX 
cTepkHeli NpAMOYrOMbHOrO HH Kpyrsioro ceyeHHA. Sanaua BbIMHCJIe- 
HHA MpOBOAMMOCTeH B BO3LyXe AJA STHX MA@FHHTOB BeCbMa TPyAHa, 
HW B TaKHX Clydanx BoNpoc OO OMpefeseHHH 3HaYeHHA NOTOKa Mar- 
HUTa pelliaeTca HHaye, 4eM ObIJIO NOKAa3aHO BBIILE. 

PasMarHuauBatoulee JeHCTBHe BOSAYINHbIX 3a30pOB, ONpeeJIAeMoe 
Ha (burype 4,3 oTpeskoM oc = H, MpOnOpUHOHaJIbHO HHTCHCHBHOCTH 
HamMaruvunBanns J: H = NJ, 


rie N—Kosd<pHuueHT pa3MarHHUHBaHHA, 3aBHCALMH OT pa3MepOB 
MarHHTa H JaHHbIx ‘BosfywHoro 3a30pa. Beanauna N = 0 B oOpasie, 
HMelouleM (POpMy 3€MKHYTOFO KOJIbIa. 

OnbiTHbIM TyTem Hafigenb! sHayenua N B *yHKUMH OTHOLICHHA 
JJIMHBI cTep2KHA K ero AuameTpy: ly/du; STHMH Ke JAHHBIMH JIA N 
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NObSYIOTCH W IIpH pacueTe MarHHTOB MpAMOYrOAbHOrO ceyenHA C NO- 
Makblo Ju, OMpeeAd Wuametp d, SKBUBaeHTHOFO Kpyraoro ceuenna 


dy = VV. | | (4-6). 


Hs quarpammnl cburypp 4,3 umeem 
B B 4nJ = 4 
tPasaeee ew Sw 
| Se = > NI Ny = WO. 
Takum o6pa3om, 3Han N (ra6auua 21) MOxKHO onpegeauTp yrou a, 
TlonyyenHoe nocne npopesenna NpaMoH ab sHayeuve B orTHocutca 
K Cpe€AHeEMY cCeyeHHIO MarHHTa. | 






































Suayenna N ali 
Ly/4, 5 411 ,5 fr. e9p.0 2,1/2,25/2, 412, 7/3,0/3,4/3,8 16.06.79 io 16 
N 2,0 h.sh.gh.7].0 1,5 11,4113] 1,2 {1,1/1,0]0,9 0,8/0,7 0,610. 0,4 030.2), 















































7[18 NpakTuyeckoro nowb30BaHHA T A 
aOuuueH BbIpaKenne (a) mpe- 
OOpasopbiBaeTcA CiexyIONLHM O6pasom: wie 
tg a wet0Gt a2) 


No (4-7) 





SAeCh p—-KOSdpHUHeAT MacuuTa6os. 





o @ ¢ €® & 4 2 hn 
Our. 4, 5, Kpusaa B= / (4) 4 
Mpumep: 1,Jd, = 2,0; N= 1,4. a 


Maculra6n: 
86 
B= 1-10-48 1 ex; H = 100 — Bl cM: 
1.10—4. 18 10-1256 
P= —jo = 100; tga = “{00-1,4 9.9 
@ = 42°. 


Tlonbsysicb cooTHoulenvem (4-7), MoxHO NOCTPpOHTb KpHBylo B = 
= f|— 
= f a. yRro6uyio was pacaeta. Ha gurype 4, 5 nocrpoena npx- 
MepHad KPpHBaa AIA ONpefeeHHoro MaTepHaua. 
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4-3. CBOBOHAA MAPHWTHAS SHEP MATHHTA 


Cpo6olHan MarHHTHaA 3Heprud — 9TO Ta SHeEprHa, KOTOPYt0 OT 
yaeT MarHT B BO3SAYUIHbIX 3a30pax. IIpu pacuere MOCTOAHHDIX Ma- 
THUTOB, BbIOOpe MaTepHasla Hu TpeOyeMbIx COOTHOLICHHH pa3MepoB 
MarHuTa CTPeMATCH K MaKCHMaJIbHOMY HCIOJIb3OBaHHIO MaTepHaJia 
MarHuta, CBOUAeMyCH K MOJy¥eHHIO MaKCHMAaJbHOrO SHAaMeHHA CBO- 
6ORHOM MarHUTHOK SHeprHn. 

MarHuTHadl 9Heprud, COCpefOTOUeHHaA B BO3AYWIHOM 3as0pe, Hpo- 
NOpUHOHAabHa MpOusBexeHuIO MOTOKA B 3a30pe H H. C.: 


W =~ DF (dm). 


YuntTpipan, yTO 
b, = Bqy; F = Hls, 


nowlywaem 
= at qulu=—eV (doc), (4-8) 


rie V-—o6bem MarHHTa 
B CM, 

Matepviasl MarHitTa xapak- 
ur. 4,6, Onpegzesienne MarHHTHOK aHepruH =6TeEpH3yercH Ma@rHHTHOH 9Hep- 





MarHi id: - rueii, oTHeECeHHOH K eAHHHLLEe 
o6pema maruuta. Ilo KpHBoH 
pa3MarHHYHBaHHA MOXKHO MOCTPOHTb KPHBY!IO W = f (BH) upu V = | 


(pur. 4, 6). Kpahuve Toukn KpuBoit: 1)B =0; H,; W =0;2)H,=0; 
. W=0. Umeetcs Touka KpHBOH, COOTBETCTBYIONIax MaKkCHMAa\Ib- 
HOMy 3HayeHHto npovsBeyenua BH. CoorTseTcTBytolulve STOMY 3Ha- 
yeunio Bemuanupl Bu H o6o3Haunm sepes By u Ho. 
3Hauenne B, KoueOneTcaA AIA pasHbIxX MaTepHaJIOB B HeGOJIbIUIHX 
mpenesax (1—2,5), sHauenne H,—B 6ombuux (1 —20). Tlostomy 
‘ pasiuyatoT Abe rpyinbl MaTepHaos: 
HU3KOKOSPUHTHBHbIe —C OTHOCHTEIbHO MaJIbIM SHadCHHCM H.,, 
a CelOBaTebHO, MaJibiM sHayeHvem W (cur. 4, 6, KouBaa J). Croga 
OTHOCHT XPOMHCTbIe WH BOJbGpaMoBble CTAaJIV; 


BbICOKOKOSPLMTHBHbIe — C OOJbINHM 3HaYeHHeM H,, a CieloBa- 
TeNbHO, GombiiuM sHauenvem W (dur. 4,6, KpuBaa 2). 


Jina _onpenenenua Touek By uw fy, KOTOPbIM COOTBeETCTBYeT Ma- 
KCHMasIbHOe 3HayeHne W, mpumMensieTca mpakTHueckHH cnoco6 (cur. 
4, 6); MpoBOAAT MpAMble, NapaJVJieJbHble OCH a6cuucc H OpAHHAaT Ha 
paccronnnn B, w H,; Touka NepeceyeHHa AMaroHnadh noJlyueHHoro 
[IpPAMOYTOJIbHHKa C KPHBOH pasMarHuunBannA NpvOHKeHHO COOTBET- 
cTByeT 3HavenHuaM By u Hy. ; 

Ha yuactke kpusol W = f (Bi), rae nomyyaeTca yCuOBHe W mares 
HaOsOaeTCA He3HAaYHTeJIbHOe H3MCHCHHE BeJIHYMHBI W mnpu OTKJIO- 
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HeHHH OT 3HayeHHA By u Ay. Tlostomy jonyckaeres pa6oTa Maruuta 
 HeKOTOpbIM OTCTyNJeHHeEM OT ONTHMAJIbHBIX SHayeHH By u Hp. 
OntumasbHoe 3HayeHHe ly/d4 2A NpsAMBIX MarautoR HaxOZAT 10 
ONTHMaJIbHOMY yruly @ (cM. 4-7), 


4-4. KPHBbIE BO3BPATA 


sopa. B puge npumepa PaCCMOTpHM Npouecc Hu3roTOBeHHA 4 pa- 
OOTH MarHHTos NOAKOBOOOpasHOH dhop- 
MbI; TaKHe MarHHTbl HaMarHuyHBaiotTca| 
C HaReTbIMH Ha HHX NOJIOCHBIMH HaKo- 
HeqHHKaMH, a 3aTeM IIpu c6opKe Mar- 
HHTHOH CHCTeMbI M@EKTY nosmu0caMH 
BCTABIAETCA AKOPb (c) H3 MATKOL CTanH 
(pur. 4, 11). Donyctum, aro z0 cO6opKu 
COOTHOWWEHHA Pa3MepOB MarHHTa Hu ga- 
SOpa TakOBbI, YTO HHAYKUHA B CpenHeM 
CeveHHH MArHHTa paBHa B (yron hy 
AWarpammMpl (pur. 4-7). | 

IIp# psexenuu saxopsa BOS YWHbIH 
3a30p YMeHbIluaeTCA, H TaKOMY COCTOS- Mur. 4, 7. Kpuspie BOSBpata. 
HHIO  CHCTeEMbI COOTBeTCTByeT yxe 
yPOu 3, NOSTOMY MHAYKUMA yBemHunBaetca. OgHako yBenuyenue sto 
NPOHCXOAHT HE NO KpHBOr Pa3MarHW4vBaHHA, a no Apyrok — b,f,d, 
Ha3BaHHOH KPHBOH BO3BpaTa. Ip nonHom 3amMpiKaHHH MarHuta (8 = 0) 
OcTaTOuHad HHAyKUMA Nowyautcs pasnoH B,. Tpu o6patuom YBeJIH- 
J€HHH 3a430pa HHAYKWUMA H3MeHSeTCA y2Ke NO 3aKOHY KpHBOi df,b,. 
Kpuspie 6,f,d uv df.b, npeactapastior co6oik KPHBbI€ YACTHbIX WHKJIOB 





HOM UHKJIe€ HaMarHHuHBaHHaA 4 Pa3MarHuYHBaHHA, HeBeHKA HF STY 
HeTIO AA NpakTHYeCKHX pacueToR 3AMCHAIOT NpPAMOH. 


AB ‘ 
OrHowienne AH Yr HasbiBaeTCA OOpaTumolt npoHuuaemocTHiO Mar- 


dHTAa. 

B ta6nuue 20 nants SHaveHHA p, AIH yuacTKa KpHBO!, coor- 
seTCTBYIOULErO SHAYeHHIO HHAyKUHN B,. Boman STOrO y4uacTKa npH 
i3MeHeCHHH B sHayenue 1, Menserca HesHayTeJbHO. [lostomy B npak- 
HaCCKHX pacueTax, B TOM culyuae, ecaH pa6ora MarHuta npoucxo- 
(HT BOH3H ToUKH B,, NOMb3yIOTCA 3HAIEGHHEM p. -A STOR ToOUKY. 


4-5. CTAPEHHE NOCTOSHHbIX MATHHTOB H MX CTABHJIV3ALHA 


Bo BCHKOM HamMarHuyeHHom MarHHTe C TedeHHeM BpeMeHH mMar- 
MTHBIH NOTOK yMeHbINaeTcA. DITO ABCHHC, HA3bIBaeMOe cTapeHHeM 
arHHTa, BpeAHO OTpaxaetca Ha paOote: co6panHoro mpH6opa. 
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pnenue cTapeHia onpemeacica pagOM NpHuHH. 

a) CrpyktTypHoe cTapeHHe. MatepHaad MarHvTa Toc gakaJKi HH 
OTANBKH HMeeT HepaBHOMepHy!O CTpyKTypy, HO CO BpeMeHeM 3Ta 
HEpaBHOMePHOCTb MepexOAHT B 6oslee paBHOBeCHoe — CTAOMIbHOe CO- 
cronuve. IIpu 9TOM B MeTAJIIe ycuegaloT BHYTPeHHHe HalipAKeHHA. 
OnnoppeMeHHO yMeHBIUAaIOTCH gnayenua B, u H,. 

6) Mexannueckoe cTapeHue MpOHCXOAMT BCJIEACTBHS yHapos, 
TONUKOB, BHOpaMl HM BUMAHHA BBICOKHA Temllepatyp, KOTOpble OCc- 


HaOJIsioT NOTOK MarHHTa. 

p) MarnuTHoe cTapenne onpeneineTcs BJIMAHHeM BHeWHHX Mar- 
HATHBIX Towel. 

Beakui MarauT Mepes ycTaHOBKOH ero B mpH6ope AoupKeH ObITb 
nompeprHyT AONOAHUTeDHOMY nponeccy — cTaOuM3alMH, nocsie KO- 


Toporo yBeJHUMBAeTCa COMpOTHBAeMOCTh MarHuta yMeHbILIeHHIO T0- 
TOKA. : 
Cmpykmy pHaa cmabuausayuna 3akiodaeTcA B JIONOJHUTeIIbHOK 
TepMHUeCcKOH o6paGoTKe, KOTOpaa TIpOBOAMTCA AO HaMarHHdBaHiin 
marnutTa. Tak, Halpumep, mpollece cTa6usH3alHH MarHHTHbix cTajieH 
gakso4aeTCA B KHNAYCHHH gaKasleHHOrO MarHHTa B Bose B TedeHHe 
4 yacop. Takoe KHNAdeHHe IpHBOAHT K HeKOTOPOMY oTMycKy H K 
yRaeHHI0 3akaJIOUHbIX HanpsDKeHHA, CilaBbl Ha OCHOBE Fe—Ni—Al 
He TpeOyloT cTpyKTypHOH cTa6nJIH3allHn. 
Mexanuueckan cmaduauzayun sakmioyaeTcH B TOM, 4TO HaMarHH- 
qeHubiii MarHHT mo_BepraeTca meped ycTaHOBKOH B mpHOope yAapaM, 
TOAUKaM, BHOpallHAM Tip yCJOBHAX, 
COOTBETCTBYIOUIHX Ppe2*KHMY paoorTbi 
mpH6opa B yCTaHOBKe. 

Maenumxan cmaduau3sayua 3a 
KmodaeTca B TOM, 4TO HaMarHAcH 
api MarHUT Nospepraiot AeHCTBHK 
BHeIUHHX Movie MmepeMeHHOrO 3HaKa. 
flocyie "ero MarHHT CTAHOBHTCA Gosiec 

- yCTOHYHMBbIM K BO3eHCTBHIO BHELI 
HHX Monell, K TemnepaTypHbIM |} 
MeXaHHYeCCKHM BOSJeHCTBHAM. Cy 
HOCT!, ABJIGEHHA MarHuTHOH cTa6HJH 
sallHH 3aksiouaeTcA B CJeyrOUlen 

JlonyctuM, 3TO B HaMmarHiueh 

our. 4,8. Jlvarpamma, nodacHstoulan Hom MarHHTe TouKa 6, COOTBC! 

jeficrsue MarHHTHOH cTraOuansallHn. cTrBpyeT HHAYKUHH B, B cpelHe 
ceyeHuu MarHuta (pur. 4, 8). Lic 
jelicTBHeM BHelHeroO NOWA, Hamp A2KEHHOCTBIO =F AH, Ttouka 6; neps 

XOMUT NO KpHBOH BOSBpaTa B b, pH none — AH — ToaKa b, om 

cxaeTca 00 bz. Takum oOpa30M, MHAYKUHH B menaetca pn Nod 

+ AH Ha BesMUMHY AB. : 

Ec Ke MarHuT lpeABapHTeJIbHO nomBeprHyTb MelcTBHIO MOJ 

+ AH, To nocuie sToro, MOA jeficrBHem Takoro Ke NOMA, gHadeH 

HAAYKUHH OyfeT MeHATLCA TOKO na BenuanHy AB, < AB. Js 
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cTaOHH3aluH MarHHutTa ero NOABEpraioT BO3SAeHCTBHIO nocTeneHHO 
yOurpatoero yo HyAA M€PeMeHHOrO NOMA, HAaNpsAxKeHHOCTEL KOTOporo 
AOWKHA ObITh TaKoro 2Ke NOpAyKa, Kak H NOMA, BO3JeHCcTByIogIHe 
Ha MarHHT B Mpowecce ero pa6oTh B mpHOope. IIpu pacuete no- 
CTOAHHOrO MarHUTa YUHTbIBAeTCA CHHXKeHHE ero NOTOKa Ha 10—15%, 
MIPOMCXOAAIee B Mpoukecce cta6unusanun. ) 


4-6. BOTIPOCDbI PACUETA MAPHHTHBIX WENEA C NOCTOAHHbIMH 
MAFHUTAMH 


PacueT MarHuTHo uenH c NOCTOAHHBIMH M@lHWTaMH CBOAHTCA 
K pelleHHwio AByX 3ayau: : 

1) B 3aqaHHOt cucTeme ONPCAeIHTb BeMYHHY NOTOKa B pabouem 
BOSAYUIHOM 3a30pe; | 

2) HaliTH pa3MepsI nocTosHHoro MarHHuTa, KOTOpBIN cosqaerT B pa- 
Goyem sa3o0pe OnpeweeHHOH MarHHTHOH cHcTemEI nOTOK 3aaHHon 
BeJIMYHHDbI, | 

Bonee tpyquHolt apnsaerca BYOpaw 3aaya — ipoeKTupoBanue mar- 
HHTa, MpH KOTOpOM Heo6OxoxuMO PaspeluHTb CueMylouwe BONpOcE: 
BbIOOp MaTepuana; ONTHMaJbHOe petenHe; BbiOop sHayenua” KO9(p- 
‘@uUveHTa pacceanua. 

BuiGop Matepuaaa 3aBucuT oT HaMeCYeCHHbIX JaHHBIX pa6ouero 3a- 
30pa HW KOHCTpyKUMH MarHuTHO CHCTeMbI. PaccMOTpHM Jia cpaBHe- 
Hud Apa MaTepHaga (J u 2 cur. 4, 6), o61aqaionme pasHpmmyu 3Haye- 
HuaMH Bu H,. [na Matepua- 


ja C M€HbUIMM 3Ha¥eHHem H, @ E 
AYUWUHE YCNOBHA NoOsyyaroTca : fe 
_UpH OoubuUIeM SHayeHUH a, a npu Ry 


Copuiem H,—c MeHbUIYM 

yriom a. IIpa co6monennn 

STOrO yCNOBHA Nosyyaerca pe- vod 

‘WweHve, 61M3KOe K onTuMann- Mur. 4, 9. Maruur: 

HOMY, T. €  latomee MHHEH- @-~ HS HYSKOKOSPUMTHBHOTO CnwaBa; b ~ 3 BEIe 
“MaJIbHbIty BeC MarHHta. COK OKOSDUYNTHBHOrO CHJaBa. 


YuXTbIBad, TO tga = ““G. nosyyaem' cleqyromHe npakTuyeckne 
BbLIBOZbI: 4m | 
1) B cucTemax, rye auuHa MarHWTa OTHOCHTeIbHO BeIHKa, a pa- 
Souvli 3a30p aa, JY4Me NPHMCHAT HH3KOKOSPILHTHBHbIe cntaBE 
(matepuan /); . 
2) B CHcTemax c 607bIUuM Sa30POM JIYUIIe NPHMeHATb BBICOKO- 
KOSPUHTHBHbIe CIWaBbI (MaTepHa 2). 
ina ogHoH vu TO Ke MarHHTHOH WeNH MOKHO co3qaTbD YCJIOBHA 
daHJIydWero HCNOAb3SOBaHHA O6euX rpynn MatepHasos. Tak, Topmo3Hok 
AarHuT cyeTUHKa HH HHAYKUHOHHOrO pesie MOXKeT ObITb H3rOTOBNeH: 
I) 43 Hu3KOKO3puNTHBHOrO cmiaBa — XPOMUCTOH HH BOnbdpa- 
10BOH CTaH — OTHOCHTebHO 6ONBIIOT WIHHbI (cur. 4, 9 a); 
_ 2) H3 BbICOKOKOSpUHTHBHOrO CiwiaBa, HallpHMep ajibHH: B 3TOM 
jywae MarHUuT JOMKeH ObITh KOpOTKHM (pur. 4,96). 
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OnTHMajbHoe pellenne. PasnuuaioT JBa Bsa MarHHTHbIX CHCTEM 
C MOCTOAHHbIMH MarHHTaMy. 

1) Bes apmaTypbl—K HM OTHOCAT TaKHe CHCTeMbI, B KOTO- 
pbIX BO3AYLIHbIM 3a30p MarHiTa He MeHAeTCA IIpH BCTpOke MarHuTa 
B upH6op. B kayecTBe NpHMepa MOXKHO IIpHBecTH MarHHT Aa CueT- 
quka (pur. 4,92). 

2) C apMaTy pO#, B KOTOpBIX BOSAYWHbIH 3a30p MarHHTa Me- 
HaeTCA MIpH BCTpolKe B mpH6op. Tak, ecJIH MarHHT, lIpHBeAeHHbIA 
Ha cburype 4,96, HaMarHuuMBaeTcA | B co6paHHoM BHze, TO TaKYIO 
CHCTeMy MOXHO Ha3BaTb cuctremol Ge3 apmaTyppi. Ecsim 2ke Marit 
HaMarHHUMBaeTCA OTAEIbHO, a 3aTeM CFO fipHkpenmioT K MarHHTo- 
riponoxy, TO MoulydaeTcA cucTeMa © apMaTypou. 

OntuMambHoe peleHnHe AA CHCTEM 6e3 apMaTypbl HaxoOJMTCcA 
MpocTo; 3HawHTeAbHO C.TOKHEC pemienve sTOH SsalaqH AJA CHCTeM 
c apmatypot. TlogpobHee sToT BOMpoe paccMaTpHBaeTcA HWE. 

BuiGop 3HayeHHsa KOs*PpPuUHeHTa paccesHus. B wenmax C nNocTOAH- 
HbIMH M@PHHTaMH Tp waHHoH BesJIMUMHe H. C. F=HdJ, 3naueHve 
noroKa B pa6ouelH, yacTH 3a30pa @,, HaxOAHTCA B Iip—aMOH 3aBHCH- 
MOCTH OT KO3(ppuLMeHTAa pacceHHHA 9. 

o =i 
Pp sl 

B 9TOM OTHOLIeHHH WenlH Cc NOCTOAHHLIMH MarHuTaMi 3HaUHTeJIbHO 

oTnHuaioTcd oT weneii ¢ MarHHTHOMATKHMH MaTepHasiaMH. OObsc- 
HAeTCA 9TO TEM, UTO MAarHHTHOTBepAble 

/ ( ~=- MaTepHaibl O6JalaloT MaJIbIM 3HaHCHHeM 
qorenouc/Avmemeucnexens) MarHUTHOH MpOHHWaeMocTH p, H NOSTOMY 
OTOKH yTe4KH CO3faloT B CHCTeMe SHa- 
UMTeIbHbIe NaweHWA MAPHUTHbIX NOTCH- 
Ua JOB. 

B cucreme C MarHHTHOMATKHMH MaTe- 
pHasamMH py ganaHHol H.c. F BewHoH- 
Ha @, B HeHaCbIMeHHOH CHCTeMe 3aBHCHiT 
or Koadpunnenta paccetHHA B OWeHb Ma- 

ce ; oH cTeneHH. 

ur. 4, 10. QnekTpoMarHuTHaa Ilo aHaworuH c JpyruM HCTOUHHKOM 
MOJléJib HOCTOAHHOFO MaTHHTa. g9HeEprHH, HallpHMep 9JIeKTpHuecKoH, Lellb 

| © TOCTOAHHbDIM MarHHTOM MOKHO paCcMa- 
TPUBaTb Kak reHepaTop C OOMbINAM BHYTPCHHHM COMpOTHBJIeHHeM, a Leilb 
© MarHHTHOMATKHMH MaTepHaJlaMH — C MaJIbIM. Hosromy mpu pacuete 
OCTOAHUOFO MarHHTa BeCbMa BaxKHO 3HaTb TOUHOE 3HaueHne oc, Onpe- 
jleneHve KOTOpOrO MpeACTaBJineT 3HAYHTCJIbHBIC TpyanoctTuH. I1pu mpo- 
eKTHpOBaHHH NOCTOAHHOrO MarHHTa HeEOOXOAHMO 3afaBaTbCA 3Hate- 
HMeM o, BeMYHHA KOTOpOrO KOJIeOseTCA B HCHOJIHCHHBIX CHCFeMax 
B mpenesax 2—d. 

Jina yTouHeHuaA Bompoca O 3HadeHHH © HCHOAHAIOT H3 MarHATHO: 
MAKOTO MaTepHaia MOfeyb CHCTeMbl TaKHX Ke pa3MepoB, Kak |} 
cneTeMa C MOCTOAHHBIM MarHHuToM (cur. 4, 10). 






WoWeMesieM oMomionomeR 
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Ha yactrp MarH#Tonpogoga, SAMCHAIOWYIO MOCTOSHHEIT MarHut, 
HaCaUBaeTca KaTyllka, HaMaruyyupaloman cua KOTOPOH BHOUpaetca 
TaK, 4TOObI NOY WNT HeOOxOAMUMOe 3HaveHHe ®, B pa6oueli yacTH 
3a30pa. Onpegensior QJuOKCMeTpoM sHayeHHa NOTOKa B CpenHel vacty 
KaTyWKH ® 4 B pa6ouet YWaCTH 3a30pa. 

Toraa | 

o= P/®,,. 


4-7. KOI@®HIUMEHT PACCEAHHA CHCTEMBI C NOCTOSHHbIM 
MATHHTOM 


IIpw pacuete cuctem c HOCTOAHHBIMH =MarHHTaMH HeOOXOLHMO 
TOUHO YUHTbIBATb 3HAUeHHe Kospuuverta paccesuua. ITposogumoctu, 
‘pa6ouve Hw yTeuKy, ONPeAeJIAIOT pasnHUHEIMH MeTOaMH, Halipumep 
MCTOROM pa30HBKH fola Ha pad 
NpocTblx duryp. Ognaxo ma ue- 
KOTOPbIX. (OPM MarHHTOB 9TH Me- 
TORbI He 2aloT TpeOyemo ToyHocTH. 
[ostomy « npuxogutca pechma 4a- 
CTO NIPHMeHATh TonpaBounniii Ko3tp- 
(uuveHT 8, Ha KOTOPbIH + yMHO- 
*KaIOT =BbIYHCJIEHHOG 3Ha¥eHHe a. 
B pake cayyaen gana yTOUHeHH A 
BEAMYHHbI =o BBINOJHAIOT MOnenH 
CucTembr (dur. 4, 10). 

Hwke mpupogutca yecxonpKo 





ur. 4, 11. TogKoso06 fi 
NPHMEpOB OflpejeneHHa Koadbu- Hr. 4, Se ey oo0pasHbi 


WHeHTa pacceaHua. 
Cuctema ¢ NOAKOBOOOpasHbIM MarHuTOM (pur. 4, 11). Marnut M 


HbIMH OalliMaKamH, 3aTeM, Mp BCTpOHkKe MarHuta pB NpH6op, Mposo- 
AHMOCTb M@KAY NOJMOCHBIMH 6alluiMakaMu VBCJIHUHBAaeTCA 6larogapsa 
HaJIMUHIO CepeuHHKa ¢, Heo6xogumo BHIYHCJIHTb MIPOBOAHMOCTE 
yTeuKH Gy,, Kpaepyto G,, Mposoxumocts MexKy. OaliMakKamu G, — 
IPH OTCYTCTBHH CepyeyHuKa H G, — mpu HaJIM4HH ero, : 
as ONpeweNeHuA HHAYKUHH B OTZ€JIbBHOM MarHHTe NOJIbSYIOTCA 
sHaveHHeM , | 
Gy a G, = Gyn =F G;,. 


locne Berpofiku mMaruuta p npH6op 


G=G,-0; ¢ = Sept Gunt Gn 

G 

p 
_ Borancuenne G,, Gp 4H G, mponssoqutes oObMHBME MeTOlaMH. 
JIA BbIYHCeHHA Gy, NOAKOBOOOpa3sHorO = MarHHTa NpHMeHseTcA He- 
YCCTBeEHHbIH cnoco6: NOAKOBOOOpasHbI MarHHT 3aMeHAeCTCA ABYMA 
1PaJIVI€bHbIMA MNJIOCKOCTAMH TaKol AHAB, TOOL! NpoBorAMMOCTE 
“KAY HAMM 10 BO3qyxy 6bina PaBHa NpoBoyumocTA NOAKOBOOG6pa3- 

; e 
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7—4) 
i = —> a}. 
woro MarHuta. JlimHa padovekK yacTH marHuta ly = 2 (1 5 


QKBHBasleHTHad WWinHa NOCKOCTH 
l= (,-4 —a)+ 1,2(a-+ 5). (4-9) 


Hone MexkY MuIOCKOCTAMH pasOuBaloT Ha Ue ata 
YuntTpipad, YTO pasHoc 
BLIGHCIAIOT BHaUeHHE Gy. ne 
TeHUHaIOB H3MeHAeTCA PABHOMEPHO M10 AJIHHe ay noyoxKeHHe 1 
He BHOsHe TOUHOe pelllieHHe), noaysaor Gyn a Sa, en 
i Maru . 4, : 
CucTtema C NpAMOJIMHeHHbIM 
MOCTbh yTe4YKH NO BOsAyXy Me?KAy nomocaMH MarHutTa eer eae 
€. 6pazom. [Ilnomadb NoToKa paBHa S = rdl,,. Cp 
cnenyiouyum oOp : | : va 
AJMHa CHJOBOH JIMHHH yMpOnleHHo npHHumaerca 1, = TKy = Gs 
Tora ella 
Gyn = “7 Ho nl, =O 





2 
Cuctema ¢c JABYMA nipaMowHHenHbiMY §=MarHuTaMi (cur. — 
Maruntbl CHaOxKeHbl AByMA OailiMakaMH HS MarHHTHOMALKOr 
TepHawa. 


d* 
G, = Po i? 
e 1 pa a , 
G;, = py |0,261 -|- A _— = Po) /> 5) 2 (3/b + 1) 
Tpososumoctb Gy ompene- 


Be es, IfeM V3 CeAYIOWINX YCJIOBHH: 
eo \ niomatn notoka S = tdi; 
ty CpeqHAA JIMHa CHJIOBOH JIM- 


i 8 
HHH ie |S +6 ++). 
| 2dl ,, 


Gum = PoT—} 2b +8" 
YuyTbipad, ITO H. C. OMpeAe 
jseTca ABOHHOH JIMHOH Mar 

wuta: F = H2l,, mp onpece 
@yr. 4, 12, Cuctema ¢ ABYMA HPAMOJIE- 


,  FeCHHH Gyn He HY2KHO lesuT! 
HeHHBIMH sacar oee nee BKJIIOUCHHEIM 3HaueHHe G; eae ened 


HbIy MpHMep: 


§ = 0,515 cm; d= 2,56 cm; b=0,2 cm; ly = 3 CM, 


Gy =o 7 9,95 99+ ee 3,94 1 75, 





G, = 19° 3,03 a= 
Gun — Lo 7 3,94; 
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SHavenne Kos@punweuta PaccevHA, NOJyYeHHOe NO JanHEIM H3- 
MepeHHA Ha MOJeJH, o,=2,27. Takum o6pasom, B pacuer Halo 
BBOAMTb NONpaBowHH KosdpuuHent 


4-8. PACYET MAPHHTHOR WENH C NOCTOAHHbIMH MAFHHTAMH 


IIpeanonaratotea sananunimu: MaTepHaJl MarHHTa, ero pasmepsi, 
pasMepbI BCeH MarHHTHOH uenu. Heo6xogumo ONpeeIUTb HHAYKUMIO 
B paOouem sasope. 

HxKe PaCCMaTpHBaeTCA ABa Clyuad: a) cucTema 6e3 apMaTypbi — 
clola OyNeM OTHOCHTb cuyyaH, Korqa MarHUT HaMarHHunBaerca 
B COOpaHHOM c apmatypofi Bue x pH BCTpokKe B lpH6op mnpopo- 
AHMOCTb paOoyero sa3zopa He MeHseTca: 6) cuctema ¢ apmatypoli — 
MarHHT HaMarHHYHBaeTCA OTIeIbHO u Np BCTpoHKe B npH6op me- 
HATCH MPOBOAMMOCTE paouero ‘sagopa. 

B aasbHeiiuem MpeveOperaem BeHWMHOM MarHUTHOrO COMPOTHB- 
JI@HHA ReTaje CHCTeM H3 MarHHTHOMArKHx MaTepHaJOB, BeJHYHHOL 
BECbMa MaJIOH CpaBHHTeIbHO C CONpOTHBJIeHHeM MarHHTa HW BOSJLYIIs 
HbIX TyTeHi. 

a) Cuctema 6e3 apMatypbl. OnpenessioT sHayeHnna NpoBoyumoctel: 
Gps Gas Gyn; 

— Gp + Gx + Gyn 


Pp 


‘loubsysacb AHarpaMMou, JaHHOH Ha durype 4,3, ycraHapanpator 
sHaweCHHe HHAyKUMH B B cpeqHem ceyeHuM MarHHTa, 


6 


, l Gyo 
tg a= a a , (4-4) 
ech P— KooppuyHeAT MacuiTa6os B u H, 
Torya : | 
Bq 
‘ B, — ae (4-10) 


6) Cuctema c apmarypoii. Onpexerstot nposogumoctu: 1) G,;— 
CeX BOSAYUHbIX MyTeH Aaa MarHuTa B TOM Bue, B KaKOM pou3- 
OAMTCA €rO HaMarHH4uBanue. 2) G,, G,, Gy, — AIA coOpanHoit 
apMaTypoHw cHcTeMBI. 

Koadpuuvent pacceanna pH HaH4HH apMatypbi 


_ Gp + Ga + Gyn 


o Go 


OCTpoeHHaA: 
1) Ha auarpamme, npupezennolt ya durype 4,7, nposonsar npsie 
yiO NOX YrJiOM a, NpHyuem 
in G 
tga, = = —), 
E My 7,, P 
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Orpesox 0,c,— BeTHUHHa HHAYKUMH B, MarHuta mpH oTcyTCTBHY 





apMaTY PHI. 
2) IlpopogatT KPHBy!O BO3BpaTa b,d uv upamylo ob, OA yrJiOM 
Qa, TpHYeM 
tg a _ a 3+ Gp ” 
2 Dan p 
Orpesok b3c,— BeIMUMHa HHAYKUMM B, 8B MarHuTe B co6paHHoH 
CUCTeMe. 
B a, Bod 
Bo Gp? : 


Bp) Cuctema Cc apmMatTypow NpAMOAHHeEHHbIMA MarHHTaMu. He- 
CKOJIbKO HHave, 4eM ¥Ka3aHO B MYHKTe 6, pemaeTcd 3afata AA 
CHCTeM C NPAMOJIMHEHHDIMH MarHHTaMH. 

Jina puMepa paccCMOTpHM CHCTeMY, uz06paxeHHy!o Ha cpurype 
4,12. MarautTbl HaMarHHYHBaloTca ormeibyHo. Ilo OTHOLIeCHHIO bufdn 
onpeslesAloT SHANeHHE yrJla 4: 

. 12,56 

ie 5 4-7 
tg 21 = {000Np eh) 
B touxe B, (bur. 4,7) MpoBomaT KpHByIO BosBpata, 3aTeM IIpOBO- 
ASAT paMyl!o Ob, MOM yrAOM %, NpHeM 
mo: Gp 


i 
tga = 2 p 


SuHaqenHe tg Xe yBeJIHYeHO BuBpoe, TaK Kak B cucTeMe HMeeTCA Be 
NocJle AOBATEJIbHO BKJIIOU@HHbIX NMOCTOAHHbIX MarHuta. 


4-9. TiPOEKTHPOBAHHE MOCTOAHHBIX MAPHUTOB 


B maHHom cilyyae Tpe6yeTcH yCTaHOBATb MaTepHall H pagmMept 
MarHvta 00 3aaHHbIM TapaMeTpaM npH6opa: mpOBOAMMOCTH pa6dc 
yero 3a30pa B COOpaHHOH cHCcTeme, HHAYKUHH B padoyeh YacTH 3¢ 
gopa, B,, 

a) Buidop mMatepuaa. Bpi6upaloT Tako MaTepHasl, HPA KOTOpOS 
B 3aJlaHHbIX YCOBHAX pa6oTsl npu6opa, nosyuaeTcs ONTHMAaJIbHC 
peeHve, T. €. NapamMeTpbl Maruuta PpaBHbl COOTBETCTBEHHO By fF 
(uM O61H3KH K HHM). Ha durype 4,1 noka3aHbi xapakTepucTuk 
pa3sHblxX MaTepHaJIOB H OTMEYeHbl TOUKH B, 4 Hy. PaccmMoTpmaM, Nou 
3y—aCb STHMH XapakTepHCTHKaMH, o6nacTb TpHMeHeHHA Tpex HaH6 
jee XOIKHX MaTepHaJloB pH CleAyIOWMMX yCJOBAAX pa6oTbl npHoop 

]) OTHOCHTeAbHO MaJIOe 3HAadCHHe pa6ouero 3a30pa ©, OOJIbLL 
gnauenve B,. B gaHHom cilyaae MoAy daercn OTHOCHTeJIbHO OOVIbiI 
guayenve G,, a Ce@NOBATeMbHO HM yrvia a. A, qiue TIpHMeHHTb CHI 
aJIbHK. | 

2) OrnocuTebHO Oovbiloe 3HayeHHe 5, Masioe 3HayeHve L 
wyuWe NPHMeHUT. CNWaB aJbHHCH. 
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3) OTHOCHTeIbHO Ooubiloe 3HayeHHe 6, Oowbiloe sHayenue B,: 
Jiywiue MpHMeHHTb CIaB MarHHKO. 

Hamu ykKa3aHO TOJIbKO OGilee pellieHve 3afgauH. B Kaxyom otT- 
J@JIbHOM Cily4ae HEOOXOAMMO AJONOJHHTeEJIbHO YUHTHIBATh PAA ycJo- 
BHH: KOHCTPyKTUBHbIX, TEXHOJIOTHYeCKHX WH SKOHOMHYECKHX. 
~ 6) OtHomenwe I[y/gy. Kak yka3bIBanoch yy 
BhIMe, 3TO OTHOWICEHHE NpHHHMAIOT H3 YCJIOBHA 
NOJIYYeHHA M@KCHMAJIbHOrO 3Ha4eHHA CBOOORHOH 
MarHHTHOH SHepruH. OgHako Takoe peuleHHe He 
Bcerfla nosyyaetca yauHpim. Tak, mpu HeoOxogn- 

MOCTH NOJIyyeHHA BeCbMa OO/IbIUHX 3HAYeHHH NO- 

TOKOB pa3Mepbi MarHHTa MO ceyeHHIO Nowyyalorca 

rpOMO3IKHMH. B TakHx cayyanx BbiIrofHee mpH- xr. 4,13. Cucrema 

MeHHTb CHCTeMy C MapaJvienbHbIMH MarHHTamyH © ABYMA HapavedbHo 
BKJIIOUCHHBIMH Mar- 

(pur. 4,13). Heo6xogHmMo pacnoJiaraTb MarHHTbl enn. 

Ha HeKOTOpOM paccTOAHuH Apyr OT Apyra, 

Tak KaK MapaJviebHbIe MAPHHTbl! pa3MarHH4HBaloT Apyr Apyra. 

Iipu HeoOxOAHMOCTH NOJyYeHHA BbICOKHX 3Ha4eHHH H. c. FB pa- 
6ouemM 3a30pe pallWOHaJIbHee MPHMeCHATb CHCTeMY C NOC/eOBATeJIbHO 
BKJIOUCHHbIMH MarHdutamy (cur. 4, 12). 

B) MaruutHaa wenb 6e3 apmatyppl. Sanzannt: B,; 9,; 6. Hexo- 
TOpanw HeOMpeseJIeHHOCTb B PeWIeCHHH MOCTABJIEHHOH 3a2a4qH TIOJy- 

yaeTCA BCJIEACTBHE OTCYT- 
@) ® ©) CTBHA JAHHbIX O BEJIM4GHHe 
| KOSH UNeEHTAa pacceAHHA 
l ) Gs) cucTembl. Ha OcHOBaHHH 
(]] - : ONbITHBIX MaHHbIX 3a/a- 
Ss 05mm | O22-45um d=2-45mm iOTCA 3HaUeHHeM 6, KOTO- 
@ur. 4, 14. Popmpi cucrem c MarHHTaMH. poe yTOugHHerTca B_ Ipo- 
BepouHOM pacuete. Muxor- 

a MpHXOZMTCA MPOBORHTb HeECKOJIbKO BapHaHTOB pacueTa. 

Ha gurype 4, 14 npuBegzeHbl SCKH3bI HW JaHHbie 6 AIA HeEKOTOpbIX 
BHJOB CHCTeM. | | 

[lp 3HayeHHAX, yKa3aHHbIX Ha SCKH3e 3a30pOB 6 H Mpesesax UH- 


nyxunu B or (0,1 —0,4) 104 =, Nosyyaorca cleslyiomue mpeseshl 
H3MCHEHHA o: 


S 


o“, >= 1,55 +- 1,87; | 
So, = 2,60 + 2,88; 
o, = 1,75 +- 2,06. 
e 
Iipu ypenuyennu 8 ysesHunBaeTca o. 


Pa3mepbl MarHHTa MOryT ObITb OMpeseeHbI H3 CJIEAYIOUWLHX ABYX 
COOTHOLUEHHH, B KOTOPbIX HHAYKUHA B M@rHHTe HM HalpxAKeHHOCTb 
NOJIA OpHHHMatoTcA paBHbiMH By u H,: 

H3 ypaBHeHHA NOTOKa 


Py = Bogu = Byq,93 qu = He; . (4-11) 
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1i3 YpaBHeHHA H. C. 


77 Brd., 
ae — gee Li 


Byd 


=F. (4-12) 


r) MarHutnHaa welmb c apmMatypow. PaccmoTpHmM pa6OoTy MarHuta: 
fIDOBOAMMOCTb BO3LYUIHBIX MyTeH Oe3 apMaTypbI MpHmMem paBHol Gy, 
ac apmMatypoH G,. Torga, cormacHO juarpamMe, WaHHOH Ha qu- 
rype 4,15, HHAyKUHA MarHuTa B COOpaHHOH cucreme Oygzert B,. V3- 
MCHe€HHE TIPOBONMMOCTH Gz, a CJIEMOBATeNIbHO HW yrvla ad, MpHBORUT 
B STOM CJly4ae K H3MCHeCHHIO HHAYKUMH MO KpHBOH BOsBpata O,d, 
WM MAaKCHMaJIbHOe SHa¥eHHe Nosyyuaior paBHbIM B,. Kpusas, xapakte- 
PH3y!olad 3aKOH H3M€HeHHA MAarHHTHOH 9Hep- 
rH, 6yfer yxe He W,, a Wy. u, Takum OOpa- 
30M, YCJIOBHA ONTHMYMa JIA MaHHOrO MaTe- 
pHaJla H3MeHAIOTCA. 

B cucTremMax c apMaTypou ycJIOBHA OFITH- 
MyYMa B ompefeJieHHOH cTeleHH 3aBHCAT OT 
COOTHOWeHHA G, Hu Go. 

Bpejem mMoHATHe OO OTHOCHTeJIbHOM H3Me- 
HeHHH MIpOBOAMMOCTH BO3AYUWIHBIX NyTeH 





@ur. 4,15. J[uarpamma _ Ge—Gi 4-43 
’ y= (4-13) 
padoTht MarHHTa. Ge 
YuUUTbIBAT, UTO YIJbl &, H @, CBA3SAHbI C MPOBOAMMOCTAMH COOT- 
HOIUCHHEM 
tg Gg 
tg ay 





__ 93 
=@: 
nomyyaem u3 (4-13) 
tg Oty = — tg ay. (4-14) 


[loub3yACb BBCACHHbIM MOHATHEM, MOXKHO HaunTH MyTem rpadu- 
YECKHX MOCTPOeHHH YCJIOBHA WIA ONTHMAJIbHOrO COOTHOIUICHHA pa3- 
MeDOB M@rHHTa HW BO3AYLUHbIX 3a30poB. 

SakaBadCh ONpesesIeHHbIM 3HayeHHeM 7 CTpoaT KpHByIo BH = 
=f (tg a,) mp4 y= NOcT. 

Jina TpuMepa upHBefeHa KpHBad npu y= 0,5 (cur. 4, 16); 3a- 
naemca tga,, paBpHbim 0,25, 0,5, 1,0 u 2,0. CoorgercTBeHHoO nouy- 
uaeM 3HaueHHA 

] 


cameo =T=05 tg a,, T. e. 0,5, 1,0; 2,0; 4,0. 


Cpo60uHad MarHHTHad SHepruA B KA@KJOM CJy4yae Nponopuno- 
HatbHa BH. V3 Kpnwpow BH = f (tg a,) BHAHO, 4TO ONTHMANbHOe pe- 
leHHe mpH y= 0,5 nonyyaetca B CAyYae, Korga tga, = 1,0. 

LaKHM O6pa30M, B CJlyyae, KOrLa OTHOCHTeJIbHOe H3MCHEHHE po- 
BOMMMOCTeH Gy—TpH HaJM4HH apMaTypbl H G,—NpH oTcyTcTBHH 
ee, paBHO 7 = 0,5, Hao BhIOpaTb MArHHT Tak, 4YTOOb! TaHreHc Ha- 
yaJIbHOrO yrJia Obl paBeu |. 
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Ecau MarHuT HaMarHHuHBaeTCA B 3aMKHYTOM MarHHTOMpoBole, 
HO 6e3 cepmeuHuKa, HanpHMep B CHCTeMe, MpHBeseHHOH Ha churype 


rf 
4,11, To oTHomennve /y/g, HaXOAAT 3 BbIpaxenna tg as G,/p, 
M 


rae G,—MpoBoguMocTb NyTeH noTOKa MO BOsAyXxy. 





Mur. 4, 16. Kpupbie Jia onpezeeHHa ONTHMA@bHOrO yr. 


B clygae MpAMOMMHeHHOrO WIM Cierka H30rHyTOrO MarHHTa, Ha- 
MarHHYHBaeMoro OTMebHO 6e3 cepweyHHKa HIM Oe3 OCTAaJIbHbIX 4a- 
ctefi MarHuTonposona (cur. 4,12), orHomenne /,/d, onpegemsnetca 
u3 BbipaxeHua (4-7). Ja MaHHoro MaTepHalla MarHHTa CTPOHTCA 
kpupaa tga,—=/ (1), 43 KOTOpOH ompeaensioT sHaueHHe tga, MmpH 
3afaHHOM 3HaueHHH y (cur. 4, 17). 

OcHosHoie OaHHole u coomnowenua dan pacuema. IIpu spiOpan- 
HOM MaTepHasie CTpOHTCA KpH- f 
Bat tga,=/(y). Hs mpeau- ts, 
ayulero HMeeM: 








byt G 
tg oo laa GucP (4-4), 
HJ 
tea, = F258 (4.7); $a? ap 49° 
& %1 = TO00Np ; Of GE Me 


] @ur. 4, 17. Kpupaa saBucHmoctu tg a, oT 
tg d& = I—7 tga,(4-14);  ornocurenbHoro u3MeHeHHA MpoBoO_HMOCTH. 


l 
{gay = a bo eS (4-15) aa omMHOUHOTO MarHHTa; 


l 
tg a, = 2 a bo ae 4 (4-16) — aaa AByx NOC€NOBaTeAbHO BKJIOUeH- 


HbiX ManHHTOB. 


Mocse npopeweHua pacueTa MpHMeHAeTCA Cuezylomee COOTHOMIeEHHe 
iA MpOBepKu: | | 
Bg . 
ea, (4-10) 


7p 
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Xod pacuema. II]pupezenuble BbILe COOTHOUICHHA He MO3BOJAIOT 
peluuTb 3amayy oNpeweseHHA pa3mepoB MarHHTa. HexkoTopbimu Be- 
JMUHHAMH NPHXOAWTCA NOSTOMY 3afaBaTbCA B MpeABaPHTeJIbHOM pec- 
ueTe, YTOUHAA HX B NpoBepouHom. Tlocae sToro MOKeT BOSHHKHYTb 
HeOOXORHMOCTb MpOBeAeHHA APYrHX BapHaHToB pacueta. KosmnyectrBo 
Tpe6yeMbIX BapHaHTOB pacueTa 3aBHCHT OT TOrO, HaCKOJbKO yayHo 
NPHHATHI MpeABaPHTesbHble JanHbie. B Xone pacueTa 3aaHHbIMH AB- 
JIAIOTCA COBINHO BeEAHUHHDBI: B,, 7p, Mnorga ly. 

[IpH pacuete safaiorcad 3HadeHHeM 3o, BapbupyIOT 3HaueHHe 7, 
OTHOWeHHE Gx/7p (H3M€HCHHEM pa3MepOB MOJIOCHbIX 6aluMakos), 
a Take BeHYHHOH 6— padoyero BO3syyiHOrO 3a30pa. 
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YACTBh BTOPASA 


QJEKTPOMALHUTHbIE CHCTEMbI HW PEJIE 
i) 


| rAABA 5 aw 
BONPOCbI MPOEKTHPOBAHHA 3JIEKTPOMATHHTOB 
5-1. 3SAJAUH PACYETA 


ODeKTPOMarHUThl NPHMeHAIOTCA B KaveCTBe NPHBOAHOrO HIM yipas- 
JIs}OlerO YyCTPOHCTBa B UWeNOM pAe MeXaHH3MOB, 2JIeEKTPH¥eCKHX 
amnapaToB H pedie: B MObeMHbIX H TOPMO3HbIX 3JIeEKTPOMArHHTaXx, B 
TIPHBOMaX JIN BKJIOUGHHA HJM OTKJIOUCHHA KOMMYTALLMOHHbIX alma- 
paToOB, B MpHBOMaX 3aABHKeK, 3OJIOTHHKOB, B 3JIEKTPOMarHATHbIX 
KOHTaKTOpax, B Ne€pBHYHbIX H BTOPHYHbIX pele, B aABTOMAaTHYeCKHX 
perysaTopax H Apyrn“x. 

QNeEKTPOMarHHT JOJDKeH MMeTb Takylo opmy, Mp KoToOpol no- 
JiygaeTca HawOosee pauvoHambHoe coyeTaHHe ero KOHCTPYyKUH Cc 
OCTaJIbHbIMH SJIEMCHTAMH YCTPOHCTBa: KOHTAKTHOH CHCTeMOH HJIH HC- 
NOJHHTCIbHBIM MCX@HH3MOM; THrOBaAh XapaKTepHCTHKa 3JIeKTPOMAT- | 
HHTa MOJKHA COOTBETCTBOBATb TpeOOBaHHAM YCTPOHCTBa. Sagaya pa- 
cueTa COCTOHT B TOM, 4TOObI HalTH MO 3aaHHbIM YyCJIOBHAM pa6oTbl 
Me€XaHH3Ma KOHCTPyKTHBHble Ppa3MepbI SJICKTPOMArHHTa HW ONpeseNUTb 
€ro NapaMeTphl — JaHHble MarHHTOMpoBoa HW KaTYWIKH, a Takxe TA- 
ropylo XapakTepucTuky. Pacuery osekTpoMarHuTa mnpesilecTByer 
MOCcTpoeHve KHHeEMATHY4eCKOH CXeMbI YCTPOHCTBa, Ha OCHOBaHHH KOTO- 
POH CTpoOATCA XapakTepHCTHKH NPOTHBOReHCTBYIOWIUX CHJI H MOMCHTOB: 


Mis sTHX XapaKTepHCTHK NMOJyualoT OCHOBHbIe pacueTHbIe WaHHble AA 
BbIOopa POpMbl H pacueTa deKTPOMArHHTA. 

IIpomecc pacyeTta umeeT cylenyiolue cTaqun: 

1) NoctpoeHve KHHeMaTH¥eCKOM CxeMbI H XapaKTepHCTHKH HCHO 
HHTeJIbHOrO M@XaHH3Ma; 

2) BLIGOp PopMbI MarHHTHOH CHCTeMBI; 

3) MpeBapHTebHbIi pacueT WA ONpeyeseHHA OCHOBHBIX pa3Me- 
pOB H MapamMeTpoB 3/1IeKTPpOMarHHTa; 

4) OKOHYATeJIbHbIN pacueT IA YTOUHEHHA aHHbIX NpezBapuTen- 
Horo pacuerTa. | ; . | 

IIpH npopeqeHHH MpeqBapuTebHOTO pacueta MIpuMeHsIOT ympo- 
{I\GHHbI€ COOTHOWEHHA, HEKOTOPbIMM 3HaYeHHAMH NapaMeTpos, HalpH- 
mep HHAykKuHeH B B cTanM, B paGoubm 3a30pe, MaqeHvemM MarHHT- 
Horo NOTeHUHaJla B Hepa6ounX 3a30pax H CTaIM HW ApyruMH, 3ayaiwrcs. 
Tlociie npoBeyeHuA OKOHYATeNbHOrO pacueTa BbIABJIAeTCA pallHoHadb- 
HOCTb NpHHATOH PopMbl SeKTpOMarHHTa HM MpHHsTHIX Napamerpos. 
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Ecsiv TloJlyueHHoe pellleHHe He ABJIACTCA ONTHM@JIbHBIM, IPOBOAAT 
BapHaHTbl pacueTa C H3MeHeCHHbIMH NapamMeTpaMH. Uncao BapHaHTOB 
pacueTa 3aBUCHT OT TOrO, HaCKOJbKO yayHO BbIOpaHbl NapaMeTpbi 
WIA OMpegzeseHuA raOapHTOB CHCTeMBI. 


5-2. OBLAA KJACCH®HKALMNA IMEKTPOMAPHHTHBIX CHCTEM 


1) Ilo KOHCTPYKTHBHOMY HCMOJHeEHHIO CHCTeMbI XapakTe- 
PH3YIOTCA MepeMellkeHHeM NOABHXKHOrO AKOpA: 

CHCTeMbI C NOBOPOTHbIM aKOpem (dur. 8, 1), B KOTOpbIX AKOPb COBep- 
wiaeT NOBOPOTHOe NO OTHOWEHHIO K HEMOABHKHOMY NOJIOCy ABH KeHHe, 

CHCTeMbI C NonepeyHbIM ABHxKeHHeM AKOpA (PHT. 9, 1), B KOTOPbIXx 
AKOPb MepemelaeTcH TaK, 4TO B CBOCM ABH KeCHHH OH TNepecekaeT 
CpeMHIOIO JHHHIO, NpoBeweHHy!O Me*KAy HeNOABHXKHBIMH TOJIOCAMH ; 

CHCTeMbI IIPAMOXONOBbIe —C TOCTyNaTeJIbHbIM JBH2KCHHeEM AKOPA 
(pur. 10, 1), 

IIpupeneHHble HAaMMeCHOBaHHA CHCTeEM He y3aKOHeHb! CTaHapTaMH 
(TOCT); npumensiotca W ApyrHe HavMeHOBaHHA: KJlanaHHble, C Bpa- 
(WalolluMCH AKOpeM, COJIGEHOHAHbIe H Apyrue. 

2) Io cnoco6y BKAWYeCHEYA KaTy mek UNO poly ToKa 
pa3sIM4aIOT 1Ba BUa DIeEKTPOMArHUTHBIX CHCTeM. 

Cuctembl f=nocm., B STHX CHCTeMax YCTaHOBHBIUIeecAh SHAYeHHE 
H. C. KaTYLIKH He MeHSeTCH 0 XOLY AKOpA, a 3HaveHHe NOTOKa P 
MeHAeTCH. 

K cuctemam F = nocm. OTHOCATCA CHCTeMbI C TOKOBOH KaTYyLUKOl 
MOCTOMHHOrO HW MepeMeHHOFO TOKa MH C KaTYyUIKOM HallpAxKeHHA M0- 
CTOAHHOTO TOKA. 

Cuctempi » = nocm. B cucTeMax C KaTyUIKOH HallpaxKeHHA NepemMen- 
HOTO TOKa, CCH He YYHTbIBATh AKTHBHOM COCTABJIAIOUeH NaleHus 
Hallps2KeHHA, BeCbMa MaJiO CpaBHHTeJbHO C HHAYKTMBHOM, MpHiJio- 
*KeHHOe HanpsKeHHe U KoMMeHCHpyeTca MpoTHBOMeHcTBYIOUIeH 9. T. C., 
ww DP 

—. Iipu 
V2 
3aJlaHHOM Hanps»kenun U vw nocTosHHOH yactoTte ¢ = Pw octaetcs No- 
CTOAHHbIM NO XOJy AKOPA; 3HayeHHe Toka /, a CJIeMOBATEbHO Hi F 
MeHAeTCH NO XOAY AKOPA. 





ompefeademoi wHcIOoM moToKocuenteHHii p:U=E = 


5-3. PAKTOPbI, BJINAIOUIME HA BbIBOP ®OPMbI IJIEKTPOMAT HUTA 


Hoke TIpHBOmHTca pa yCOBHi paOoTbl OCHOBHOTO ycTpoHcTsa, 
ONpeleAIOWHX BbIOOP CPOpMbI BJIeEKTPOMarHHTAa. 

]. DNCKTPOMArHUTHAA XapakTepHCTH Ka ONKHA OBITE 
Takoli, UTOObI B JIOGOM MOJIOKeCHHH AKOPA SJIeKTPOMarHHTHaA CHa 
HJIW MOMeHT ObIIH OOJIbIUe CHJIbI HH MOMeHTA TIpOTHBOAeHCTBYIOMINX 
(MeXaHH¥eCKHX) CHJI HJM MOMeHTOB yCTpOHCTBa. 

2. Xo Haw yroam noBpopota AKOpaA. B 3aBHCHMOCTH OT 
yCOBHH padoThl ycTpolictBa TpeOyeTca Oo/IbIUMH HIM MeHbIIHH XOX 
HH yrod nopopota akops. B OpicTpoyeHcTBy!OulMx pesie XO AKOpA 
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ObipaeT nopsaaKa 0,3--1 am, B OObIKHOBCHHBIX 2->-5 4.1, B KOHTaK- 
Topax 10--20 um, B TopMo3HbIX MarHuTax 30-~ 150 4m. 

3. Oco6eHHOCTH HCNOMHHTeAbDHOTO MexaHu3ma. B 
pene NpaMoro AeHCTBHA efO HCHOAHHTeIbHbIM MeXaHH3M jelicTByeT 
HeMOCPeACTBeEHHO Ha YCTPOHCTBO aBTOMaTHKH. B pesie KOCBeHHOro 
AeHCTBHA HCNOJIHHTeJIbHBIM MEXAHH3MOM ABJACTCA KOHTAKTHAA CHCTeMa. 
CymectayeT Ooulbuioe pasHoo6pa3sve (POpM KOHTAKTHBIX CHCTeM, OTJH- 
WaroulMxXCA TIO YMCJY KOHTAKTOB, XOZy KOHTAKTOB, IO pa3pbiBHol 
MOIMHOCTH. OcoOeHHOCTH MCIOJHHTeIbHBIX M€XAHH3MOB B HeKOTOpO!i 
CTeneHH MpesompesetatoT POPpMy MarHHTHbIX CHCTeM: HeOOXOAMMO 
BbINIOJIHATb STY CHCTEMy C YYETOM KOHCTpyKTHBHOrO Oc*bopMVIeHUA BCero 
YCTPOHCTBa B LWeJIOM. 

4. Pow ToKka. OmekTpoMarHuTHbIe XapaKTepHCTUKH CHCTeM N0- 
CTOAHHOrO TOKa HeECKOJIbKO OTJIMYHbI OT XapaKTepKCTHK cucTeM Ne- 
pemeHHoro ToKa. IlosTomy B page calyyaes BbIGOp (OpMbI MarHHTHO! 
CHCTeEMbI ONpeye#eTCA H POAOM TOKa. 

o.. KospPunwenT Bosppata, Mpegcrapisiomul co6olt or- | 
HOWCHHE BeJHUHHbI TOKa HJM HallpsxKeHHA OTMyYCKa AKOPA K BeNH- . 
WHHe TOKa HIM HallpsxKeHua BTArHBaHuA (k, = a ; ke= Ue), sapn- 
CHT OT CTeNe€HH paCXOKAeHHA XapakTepHCTHK 93JIeKTPpOMarHHTHOH xu 
NpOTHBOAeHCTBYIOWerO YCTpPOHCTBa. 

Tpe6opanua, pea bABAAeMble K 3HaYeHHIO &,, pasIMUHbI: B OMHHX 
ciyuadx focraTouen k, =0,1; B 3alMTHBIX peste TpeOyetca ky = 
= 0,8--0,85: B peryaTtopax —, HOJKeH ObITh nopsayKa 0,99. 

6. Bpema cpaGaThBaHua CHCTeMBI TaKxKe onpesenser 
BbIGop opMbI MarHHTHOM cHcTembl. B 6bicTpogelicrBylonjHx peste 
BpeMA CpaOaThIBaHHA OJDKHO ObITb MopsgzKa 0,003-+-0,05 cex, B 
OObIKHOBeHHbIX — 0,15 cex, B 3aMeyuIeHHBIX — 0,2 +-20 cex. Mmewrtea 
ycTpokcrBa, rae TpeOyeTca eile Ooubilad BbIfepxKKa BPeMeHH: Mo- 
PHAKa HeECKOJIbKHX MHHYT. | 

7. Wotpe6aaemaa MomHOocTb. 3Havenue “noTpebmaemoii 
MOULHOCTH KaTylWeK pesie H 3JIeKTPOMArHHTOB KOvIe6JleTcA B HCNOU- 
HeEHHbIX CHCTe@MaX OT COTHIX OJeH BaTT JO HeCKOJIbKHX COT BaTr. 
CrevasbHble TpeOoBaHHa B OTHOWMeHHH Masloro NoTpe6vleHHA MOLL- 
HOCTH MPeCAbABJAIOTCA K BTOPH4HbIM peJle, BKJIOUAeMbIM B eM BTO- 
PHUHBIX OOMOTOK H3MepHTeJIbHBIX TpaHc(opMaTOpoB TOKa H Halips- 
*KeHHA. Takoe xe TpeOoBaHHe OTHOCHTCA H K HeEKOTOPbIM BHZaM pede 
ABTOMAaTHKH. 

8. CreneHb ypaBHOBeI€HHOCTH MOABHXKHBIX Ya- 
cTeH cuctemb. IIpu pa6ote ycTpoiictsa B ycwoBHAX TpaACcKH u 
BHOpauHi, HanpHMep NpH ycTaHOBKe Ha KopaOnAax u Apyrux no_BMx- 
HbIX YCT@HOBKaX, NOABHKHAA YaCTbh M@PHHTHOH CHCTeMbI DOJOKHAa ObITb 
ypaBHopewena. 

9. IIpousBoactBeHHbe ycaoBusa. Beakad marnutnas cH- 
CTeMa JOJDKHa ObITb yOOHOH ANA MpOM3BOACTBa, YacTH ee JOJDKHbE 
ere NO BOSMOXKHOCTH, NPOCThIMH, YAOOHbIMH JVI H3rOTOBJeHHA Hu 
cOopkKH. 
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10. 9kKcUaAyaTaWHOHHble yCNOBHA. YCTpOHCTBO AOMKHO 
6bITb YHOOHO MJIX MOHTaKa, JOCTYMHO OCMOTpy B 9SKCIyaTailHH, 
OTICJIbHbIe YaCTH AOJDKHbI ObITb JIerKO CMeHAeMBEI. 

Hye NpHBOAHTCH PAA NpHMepos, NOKa3biBalowlAX BJIMAHHE yCJO- 
Bult paGoTbl ycTpolicTBa Ha BbIOOp POPMbl MarHHTHOM CHCTeMbI. 


5-4. YCJIOBHAA PABOTOCNOCOBHOCTh IJIEKTPOMAL HUTA 


QNeKTpOMarHHT BCerga MpoekTupyeTcA Tak, uTOOb! SeKTpOMar- 
HuTHBIe Q, B Mpouecce ABHXKeHHA AKOpA OblIM OonbUle MpoTHBOLeH- 





D of 0. 
@ur. 5, 1. Taropan xapaxtepu- ur. 5, 2. Taroppie XapaxTepHCTHKH 3a/1eKTPO- 
CTHKa 3JIeEKTPOMarHHTa. M@rHHTOB C MOBOPOTHbIM AKOPeM: 


Qo; - A, — nocrosHHoro ToKa: F = nocm., 
Qs, ~ 4. — WepemeHHoro TOKa: d = nocm. 


CTBYIOWAX CH Qn (pur. 5,1). Pa6dora A,, KoTopad MoxeT ObITb I10- 
JV¥eHA OT 3ICKTPOMAarHHTa B NpOllecce ABHKCHHA AKOPA, BbIParkaetca 
Hn 


asowanpio oabfo: A, = J Q.48. 


Ira paoota nomyuaerca CombuieH MO CBOeMy 3HaYeHHIO, YeM Tpe- 
6yeMas AWA Nepemetlen4A AKopaA (MoMladb oabcdeo). Tlostomy smeK- 
TPOMAarHHTbI XapakTepH3yloT He MO NOHO padoTocnocoOHocTH As, 
a mo yCJloBHoH A, mpesctaBssaiomeh coOoK mpousBezeHve HavaJIbHOH 
cup Qo, Ha xod 8,. Jus KaxkgQOH COpMb! SJIEKTpOMAarHHTa CyllecT- 
BVIOT ONTHMAJIbHbIeC VCOBHA NOJyYeHHA MHHUMaJIbHOrO pasMepa H 
peca IIpH OMpemeNeHHbIX BeMHYHHAX Qny HW by. SHaveHe A w3Me- 
HAeTCA MO xONy AKOpS. 

PaccmMoTpuM Ba pHMepa. 

1) DnekTpOMarHUT C MOBOPOTHBIM AKOPeM. 

Ha cburype 5, 2 npHBefeHbl XapaKTepHCTHKH CHCTEMbI OMpeevieH- 
HbIX Pa3MepOB, HO CHATHIC Mp MapaJJIebHOM BKJUOYeHHH KaTyulek 
MOCTOAHHOrO HW NepeMeHHOrO TOKa. 
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‘ Coorsetctsyiomve KpHBbIe ycCnOBHOl paOotocnoco6Hoctu A, u Ag, 
M3 Kp¥BLIX BHAHO, 4TO CHCTeMbI NepeMeHHOrO TOKa OGOsanaloT 6oub- 
IUHM SHa¥eHHeM Ay pH OTHOCHTeIbHO OOMbIUHX 3HayeHHAX 8,, a 
CHCTEMbI MOCTOAHHOrO TOKa A, NpH OTHOCHTebHO MeHDbLUHX 8. 






@ur. 5, 3. Marnutunie cucremai pee: 
@ — NOCTOHHHOTO ToKa: b — nepeMeHHOro TOKa, 


M3 nowygenHpix jaHHbix CJIEAYIOT ONpeeJeHHbIe MpakTHyeckye 
BbIBOJbI: 

a) IIpu noctpoenuu cuctem nocrosHHoro TOKa HeoOxonHMO cTpe- 
MHTbCH K TOMY, 4TOOL! xO AKOpA 8, Obit MHHHMAaJIbHbIM pH 3a- 


AaHHOM xone X KOHTaK- 
§ 
a 






TOB (pur. 5, 3a). Cuctema Q 
AOJKHA ObITb BLINOJIHeHa “9| «Fr. 
Tak, 4TO6bI /, ObIIO MeHb- #20 
le /,. OTO npasByso He 
BCera BbINOJIHAeTCA.TaK, 100 
B KOQOBOM peje KJIP] 
TO KOHCTPYKTHBHbIM Cco- 
o6pa2xkeHHAm NIpHHATO 
f, >l,. OmHako TIpy uc- 
NOJIHEHHH STOrO Ke pese 
C MEHbLUMM NoTpeb6vleHHeM 
SHepruvw — Tun K]P2— 
NpHHATO ly < Ly. 

6) IIpu nocrpoennu E 
CHCTEM TEPEMEHHOTO TOKA = @yp, 5g, XapaktTepHCTHKH CHCTeM C MVIOCKHM 
PeKOMeHAyeTca NpHHH- H KOHHYCCKHM CTONOM. 

MaTb /, > ly (cur. 5,3 6). 

Ha ourype 5,4 npupeneusi XaPaKTepHCTHKH ABYX SNeKTPOMarHH- 
TOB MpAMOXOQOBOH CHCTeMbI NOCTOAHHOFO TOKa OMHAKORBIX pa3mepos 
H C ORHHMH H TeMH 2K€ QaHHbIMH KATYUIKH, HO BBINOJHEHHBIX C pa3- 
HbIMH (OpMaMH CTOMNOB: NOCKHM H KOHHUeCKHM. YcloBpHaA pa6otTa 
SEKTPOMArHHTa C KOHHYeCKHM CTONOM 60sbUIe NpH G6OmMbUIMX BeJH- 
4HHaxX XOfa, KOHCUHOe SHaYeHHe CHIBI H ycOBHaA pa6bora np Ma- 
“bIX BEJIHUHHAX XOJja BbIIe y CHCTeMbI C NVIOCKHM CTonomM. 


+ 


Axrem 
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5-5. YIEJIbDHBIA PACXOJ, MATEPHAJIA 


Jina cpaBHHTesbHOM OWeHKH paSHbIX CHCTEM B OTHOMWeHHH pacxota 
MaTepHasia Mp 3afaHHbIX yCJOBHAX paOOTbl SMeKTPOMarHHTAa BBO: 
MUTCH MOHATHeE 06 yieAbHOM pacxOfe MaTepHadla 


Bec 3JIeKTPOMarHHTa 
=:ds os. 0 ene a 
ycnopHas padota 


Jina Kaxkn0H opMbl 9eKTPOMArHHTa MMeIOTCA ONpeeJeHHBIe BeJu4 
YAHbI CHJI H XOfa, NpH KOTOPHIX BeC PalHOHabHO CKOHCTPyHpo: 
BaHHOTO 3eKTPpOMarHHTa MOJyyaeTCA MHHAMAJIbHBIM. 
Jina yao6cTBa BbiGopa :opMbi ieKTpOMarHHTa BBOANTCH nousaTHe 
0 KOHCTpyKTHBHOM (paxTope (kK. @.), NpeACTAaBJAIOLEM co60i OTHOLIe- 
HHe 
K. ob. _V Gn _ Vena s sl (5-1) 


Bay XOM B CM. 


— Bu6op dopmyms (5-1) onpexenseTca Ha OCHOBAHHH CJIeAYIOUHXx 
coo6paxkeHHi: 

a) UMHa 9JeKTpOMAarHHTa NpOnopunOHabHa Tpe6yemoi BeM4HHe 
xon — 9; 

6) nonepeyHoe ceyeHHe CTAJIH SACKTPOMArHHTa ONpeweTAeTCA Be- 
muunnol Tpe6yemo HayaibHO cub! Qox. 

Kakaoii cbopme 3eKTpoMarHlTa COOTBETCTBYyeT ONpeceeHHad 30Ha 
BeNMUHH K. ()., MPH KOTOPbIX 9Ta CHCTeMA BbINOMHAeTCA C ONTHMAJIb- 
HbIMM JIAHHbIMH NO pacxOAy MaTepHaiia. 

Ha OcHOBaHHH pda NpOH3BeMeHHbIX pacdeTOB NoOMyyeHb! MpakTH- 
yecKHe JaHHble Ain BbiIGopa opMbl WICKTPOMaPHHTa, NpHBeAeCHHbIe 


Ha Ta6unue 23. 
Tabauya 28 


Snauenna K. *. AAA pasHbix CHCTeM 


Tipenenbs sHaxeHHh 


@MopMa 3eKTpOMarHHTa K.=. 218 CHCTeM 
F w= noct. 
C noropoTHbim AkKopeM 2, 6—26 
[lpamoxogoBas C MIOCKHM CTOTIOM 90—i6 
» ¢ KOHHY4eCKHM CTONOM 16—1,85 
> 6e3 crona HuxKe 0,2 


IIpumep. 1) Tana cuctemp F=nocr. Qu= 16aP, 38n = 0,200; 
K. ®. = V 1890, Yule NPHMeHHTb MPAMOXOAOBOM aleKTPOMArHHT C MIOCKHM CTO- 
TIOM 


2) Jina Toi xxe cucTemb! np 8x = 0,5cm 


K.Q. = a = 8; yale NPHMeHHTb KOHH4eCKHA CTON. 
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6-6. HAHHBIE Jif MPOEKTHPOBAHHA SJIEKTPOMAFHHTA 


7m pacuera sJleKTpoMarHHTa nO 3anaHHKIM pa3MepaM MarHHTHOn 
CHCTeMbI HOMb3YIOTCA OCHOBHbIMH COOTHOLICHHAMH, NPHHATHIMH Ast 
pacieTa SJIeKTpH¥eckKOH M MarHHTHOH uenu. B cilyyae, korgza 
Tpe6yetca CNPOeKTHPOBaThb MarHuTHyto CHCTeMy, T. e. onpege- 
JMTb €€ pa3sMepbl H MapaMeTpbl KaTyWIKH NO 3aqaHHbIM YCJIOBHAM 
paOoTbl ycTpotictsa, Heo6xoaHMO s3agapaTeca HEKOTOPBIMH Napamer- 
PaMH MW BeM4MHaMH: 3HaYeHHAMH HHAYKUHU B paOounx 3a30pax x 
B CTaJM, KosppHuHeHTOB pacceAHun, OTHOWeHHeM QJIHHBI KaTYLUKH 
K TOJUMHE HaMOTKH H JApyruma. | 

IIpuyatsie 3sHayenia Ne€peyHCJE€HHBIX MJAHHbIX OMmpenemAioT coboli 
SKOHOMHYHOCTh KOHCTPyKUHH, T. e. CO3qaloT ycnOBHA nOJIYYeHHA MO- 
He/H MMHMMAJIbHBIX Ppa3Mepos H Beca. Bui6op TaKHx MaHHEIX OCHOBBI- 
BaeTCH Ha pe3yJIbTaTax pacueTa wesoro paga SJIEKTPOMarHHTos. [pu 
OTCYTCTBHH COOTBETCTBYIOIWHX JAHHbIX MPHXOAUTCA npopadaThiBaTb pan 
BapHaHTOB C WelbIO NOYYeHHA ONTHMaAbHOrO pewleHua. 

CneayeT y4HTeIBaTb PaSHHUy B YCNOBHAX pelieHHA sanaqn wnA 
CHCTeM NOCTOAHHOrO H MepemeHHoro ToKa. Onpegenserca ata pasHulla 
TeM, 4TO MpH OAHOM H*TOM Ke 3HaYeHHH NOTOKa B pa6ouwem 3a30pe 
CHJia NpH NOCTOAHHOM TOKe BABOe 6OvIbIUe CHJB pH nepemMeHHoM 
TOKe. 

Hwxe npusogatca o6uue coo6paxkeHHsa 10 BbIGopy onpexeneHHEIX 
BeJIHMYHH AVIA MpOeKTHPOBaHHA M@rHHTHOH CHCTeMBI SJIEKTpOMarHHTa. 

Maaykuua 8 paGouem so3szyuinom sa3ope. CormacHo npHHAtomy 
paHee MeTOAy pacyeTa, BeCL NOTOK B pa6bouem BO3YLUHOM 3a30pe pas- 
OHBaeTCA Ha ABa NOTOKa: OCHOBHOH, Ha3bipaeMbIit HamH pa6ouum, u 
Kpaepoh PD, = D, + @,,. 

Kak 6yaeT noka3aHo B AaJIbHeAilleM, OCHOBHAaA BENMYHHA CHIBI Ha 
AKOpe ONpesetnetca NOTOKOM @,, NOSTOMY B NpeABapHTeNL HBIX 
pacdeTaxX Ad UX YyNpOuleHHA MpHHHMalOoT BO BHUMaHHe elicTBHe 
CH, ONPCAeACMbIX TOJbKO OCHOBHbIM, pa6OuHM NOTOKoM. 

B npenpapHtenbHom pacuete NPHXOAKHTCA 3aaBaTbCaA 3HayeHHeM 


HHAyKuHH B, ==, OnTuMaabHoe sHayeHHe B, KoNe6jeTcA B 6osb- 


(HX Mpefenax: oT 0,06- 10-4 no 1- 10-* < Bui6op B, onpeze- 


AAHCTCA COOTHOLCHHEM MEK 3aaHHOH TAroBoH cunOF Qx Ipu oTny- 
ULCHHOM AKOpe MH BeMYMHOM xOga: Cc yBeMUeHHeM CHAI HeOo6xOAHMO 
NPHHHMATb OOvibulee 3HaYeHHe HHAYKUHE. 

OnbiTHbie 4 pacueTHbie maHHble ONTHMA@JIDHBIX 3HayeHH B, yyo6uo 
CHCTEMATH3HPOBaTb B CpyHKUHMH K. ¢. 

Ha durype 5,5 npvsenenpi KpuBbie B, = f (Kk. cd.) 4A HeKOTOpEIX 
BHAOB 2/ICKTPOMArHHTOB NOCTOAHHOrO TOKa. DTH Ke KPHBbie NMpHMe- 
HHMbI HW If CHCTeM NepeMeHHOrO TOKa, Mp 3TOM BBOAHTCA nOHATHE 
06 SKBHB@JICHTHOM SHa4eHHH KOHCTPYKTHBHOrO (akTopa: 


K. p, = V2 | (5-2) 
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ro SKBHBaeHTHOe 3HaYeHHe NoOsyyaeTCs H3 YCOBHA: NpH ORHOM Hi 
TOM 2K@ M@KCHM@JIbHOM 3HaueHHH HKHAyKUMH B cua Ha AKope NpH 
HOCTOAHHOM TOKe BABOe GOO/bie CHJIbl MPH NepeMeHHOM. 

OTHoweHHe AJIHHbI KaTyWIKH K TOJIWMHE HaMOTKH. 

Ilnoulakb CeYeHHA MeqM KaTYWKH 9, = lx IPHHHMAaIOT B 3aBH- 
cHMocTH OT TpeOyemoro sHayeHHa H. Cc. PF, SHateHHe qx MOKET ObITb 


ge 


401.10°* 


245° 
mt 


PP ss 
SA xz6O MM! 
Lf ‘ 


& wy, a ~ 
R, 2 S = g 
> 0 
. S 
\ ' iS 
& 
We: 
$ x = 
ee 
\/ 
\/ 





245° wz 
3} 034i =D 
“” 
2+ 2 - 
Lae 
q } A 
g M 9. 
0 Macuim tt 
q 2 3 4 § 6 789M 20 30 40 50 60708090 lee 
Macuins 


Or Q2 OF 0405 47 A910 2 3 4567 84 


ur. 5, 5. KpHBbie 3aBACHMOCTH BL=f (x. @.) Qui M@PHHTHBIX CHCTeM: 


macuta6 J — cnmouIHnble JIMHHE; 
macwra6é IT — nyHkTupyple. 


Ly 
noJyueHO HpH pasHbIX OTHOWWCHHAX in” IIpu u3MeHeHHM 3TOrO OTHO- 


LUCHHA NOMYUAIOTCH Pa3SHBle YCNOBHA B OTHONICHHH pacxofa MeIH H 
CTaJIH . 


Li 
l) yBeHueHHe IPHBOZMT K YMeHbUeHHIO pacxowa MeAH, TaK 
Kn 


KaK IIpH 3TOM YMeHbiaeTCH OOBCM MeAH H yBeJHYHBaAeTCH NOBepA- 
HOCTb OXJ@%KHeHHA KaTyKH; 


l 
2) VBeEJIHUEHHe rs NpHBOHT K YBeJIH4eHHtO pacxofla cTaJin, Tak 
il K 


KaK pH 9TOM YBeJHYHBAaeTCA AJMHa MarHHTOMpPOBOHa. 
MuyHuMasIbHbI Bec BCeH KOHCTPYKUHH OCTHraeTcCA AA pasJHi- 
HbIX BHIOB 3/IeKTpOMarHHTOB HM ycAOBH ux paOoTbl pasHbIMH Ny- 
TAMH. 
[IpakTHKOH ycTaHOBJeHo Culepyroulee: HPWH OTHOCHTCJIBHO OoAbIUOM 
xoe AKOpA HW MaJIOM 3Ha¥eCHHH CHJibl NpHHHMaeTCH 66bluee 3HAaue- 
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HHe “, NIpH YBeJIHYCHHH CHJIbI u YMCHbUICHHH xOa — 93TO OTHOIe- 


HHe yMeHbillaeTca. 
l 
Takum O6pa30m, H oTHOWeHHe 7,. MOXKHO uKcupoBaTb B PyHKunn 
RK 


bre 


SHaveHHA K. (pb. SHauenne j, KOeOneTCA B MpakTwyecku BbINOHeH- 
HbIX KOHCTPpYKUMAX B Tpeyenax 1-8, | 


lanenve MarHuTHOrO noTeHuMana B cTaqH HepaGouux 3a30pax 


Suauenne F, 4+- F,, coctapnaer OMpeAeeHHbIN MpOueHT OT OOmero 
3HaveHHA F—HuH, ¢, KaTyWwkH. PaccmMaTpupaa CHCTemMy NpH pas3o- 
MKHYTOM MOJIOMKeCHHH CHCTeMbI — AKOPb OTIYUICH — MOKHO OTMeCTHTH 
cezyrouee: 

a) OouIbuIOe YAeJIbHoe 3HageHHe F,, IpHBOAHT K YBeJIMYeHHIO pacxoya 
MeAH, Maioe 3Hayenne F,,, nosyuaromeeca pH YBeJIMYeHHbIX pasMepax 
CTaJId B MeCTaxX Mepexoga oT AKOPA K APMY, CBA3aHO C yBeMYeHHeM 
pacxoya ctau; 

6) Takoe »Ke noOKeHHe UMeeT MECTO IIpH paccmoTpeHuH F.. 
B paunouabyo HCHOJIHCHHBIX KOHCTPyKUHAX 


F, =0,05--0,15F, F,=0,1+-02F. 


CueqOBaTebHo, 
Fo + F, = 0,15 -+-0,35 F. (5-3) 


Kosdipuunent paccesuus. Ja ONpeAesIeHHA pa3MepoB MarHHTo- 
NpOBoga TpeOyloTcH AaHHble O BeMYHHE NOMHOTO TOTOKA B cHucTeme 
@=c®,. B npespaputenbyom pacueTe 3afaloTcH 3HayeHHeM o, Ko- 
TOpoe NpescTaBsetT co6oH oTHowenve 


ee Gp + Gx + Gyn 


fo) Gp 


SHavenve o KoNeOleTCA B mpeqenax 1,3-+2,5; meHbulve sHayenna 
HodyaaoTcA B SICKTPOMarHHTaX C MaJIbIM XOJOM AKOps, Sombune — 
C OOJIbLLIHM. 


5-7. YCTAHOBJIEHHE ONTHMAJIbHOroO SHAYEHHSA 
NPHHATbIX JAHHbBIX 


Cuctemb! noctosuHoro toka. Kak yKa3pipamocb B Naparpade 5-4, 
ycJIOBHaA padoTocnoco6HOcTh 3meKTpOMarHuta BbIPaKaeTCA Kak Mpo- 
HSBEHCHHE BEJIHYHHbI HaYaIbHOH CHJIbl Ha XOA AKOpA: 


A= Qen 8. 


Ja QaHHOH cpopmsl SieKTpomarnuta sHaueHue A 3aBHCHT OT BeJIH- 
SHHBI MpHHATHIX NpH MpeABapHTebHOM pacueTe AaHHyIX: B,—HH- 
AYKUHH B cTaiw wu B,—wHHAyKUMA B pabouem 3a30pe. Takum o6pa- 
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30M, BbIGOp 3HAaYeHHA STUX MAHHbIX ONpeAeAeT co60H 3KOHOMH4YHOCTb 
KOHCTPYKUHH, T. @. Nosyyenne MAKCHMA@JIbHOH pa6oTocnoco6HOCcTH 
IIpH MHHHMaJIbHOM pacxoge CTaJIH M MeJH. 

IIpopepky COOTBeETCTBHA NPWHATHIX NAHHBIX ONTHMAJIbHBIM HPOBO- 
IAT, NOAb3yACb KPHBOH HaMarHHyHBaHHA CHCTEMBI. 

Ha durype 5,6 xkpupan K cootsetcTByeT NoTepaM H. C. B CTaJIH 
H HepaGouHx 3a30pax, OTpe30K oa — NOIHOH H. C. KaTYLUIKH, 0c — 
H. c. Fe+- Fy Mp AaHHOM MOTOKe @,, ac— Oc, NIpHxXoAAmelcA Ha 
pa6ounh 3a3op. 

Yrou &@ COOTBETCTBYeT MpOBo- 
yumocTu pa6ouero 3a30pa tga = 


G 
= 7 (p—-OTHOWeHHe MacilTa6oB). 


MoxkHO MOKa3aTb, 4YTO MJI0- 
maltb Aabc NponopunoHaJibHa pa- 
6ote A, copepiliaemoH np Mepe- 
MeleHHH AKOpA Ha nyTH 8: 


nomanb A abc = - F,P,, (5-4) 


C, pyro cTOpOHHt, 


gp 
A = Q,8 = 4,06 - 10°88. (5-5) 





Our. 5, 6. [lnarpamMa 414 onpeze- 


jleHHA ONTHMabHOH MpOBOAHMOCTH Jlasgee, : 
pa6ouero 3a30pa. ies ; 
P, a: ee (5-6) 
CeloBaTeJIbHO, 
A =c®,F,. (9-7) 


Conocrapiaa (5-4) u (5-7), BHAMM, uTO nAoulamb A abe == 0,A. 

PaccMOTpHM BJIMAHHe MIpHHATBIX 3HaveHHA HHAYKUMM B CTaJIM H 
B Bosayxe B, Ha BenuuHHy niomanu Aabc. 

1. Xapaxtep Kpusol K, onpesesstome co6oH moTepH Foe Pig 
gaBHcHT oT NpnusToro 3HayeHva B,. IlpH ymMeubilleHHu B, losy- 
yaetca KpuBan K, (nyHKTHpHas); MOWadb TpeyrowbHHKa, Xapak- 
Tepu3yrouero A aJleKTpomarHuta, OyzeT yxe HHOM (cM. ab,C,), pas- 
Mepb!l MAarHHTONpOBOAa YBeJIHYHBAIOTCA, 

2. Vismenenne unayKunu B, cBA3aHO C H3MeHeHHeM CeNdeHHA 
pa6ouero notToKa, T. €. C H3MeHeHHEM IpOBORHMOCTH Gp. 

lip yMeHbuenuu B, HeoOxoQHMO yBeJIMUHBaTb G,. Tlomp3yacb 
Kpupolt K,, Mbi ycTaHaBsHBaeM, YTO yBesHYeHHe G, MpWBoguT K 
H3MeCHEHHIO MIOWaAW TpeyrO/JibHHKa, TAK KaK HOBOMY YyIuly ay COOT- 
BeETCTBYe€T TPeYFOJIbHHK @b,C,. Bapbupys 3HayeHHe G,, a CeOBa- 
TeJIbHO, H B,, MOXKHO MOJYYATb MaKCHMaJbHOe 3HadeHHe pa6orocno- 
co6Hocta A 9ieKTpomMarHuta mp 3aqaHHoh H. Cc. CHCTeMbI (0a). 

[IpakTHyeckd AJId onpeqeeHHaA OMTHMAIbHOTO 3HAaNeHHA Up, 
a cneqoBatembHo, 4H B,, nocTynaloT cJleAyloulHM 06pa30M. OTK Ja Abl- 
BaloT Ha OCH aOCUCcC OTpe3OK, COOTBETCTBY!OUHit NPHHATOM H, C. 
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KaTYUIKH, MPOBOAAT pA MpaMbrx ab, aby, abs..., onpenensiot 3Ha- 
FeHHA NAOMAKeA TpeyroubHHKOB abc, abyc, HW OCTAHAaBAUBaIOTCA Ha 
BLIGOpe MpOBOAHMOCTH, COOTBETCTBYy!0leH MAKCHMAaJIbHOMy 3Ha4eHHio 
NIOMalH TpeyroubHHka. 

Vismenenue G, BecbMa yOOHO ocymecTBmseTca B MaArHUTHEX 
CHCTeMaX NOCTOAHHOFO TOKa C NOBOPOTHBIM AKOpeM: ANA STOO jo- 
CTaTOUHO =H3MCHHTb =, AHaMeTD 
MoMocHOrO HakoHewHHKa, yKpen- 4%» 
aseMoro Ha cepgeuHuke, IIpu r; | ] 
STOM corfmacHoO dopmyse Q, = fa : 
= 4,06 - 108. B'g npx sanannoh | | a 


BemHunHe Q, H3MeHAeTCA 3Haue- ene 
Hue HHAyKuHH B,, iN q- 
B cucremax nepemenuoro ToKa, | 
@ Take COMCHOHAHBIX CHCTeMaX | 5 | 5 
AJA w3MeHeHHA G, mpuxogutca | 9 “Fs Lb ™ 
HSMCHATh ceyeHHe cepaeqHika. | J, 
Jaa wasiocTpauny BAMAHHA npE- 
HATOFO 3HaveHHA G,, a ceQOBa- G 4 
TeIbHO By, MpHBORUM KPHBbIe, gy, 5, 7. Kpuppie 3aBpucHMocty cub 
NOKa3bIBalOWHe H3MeHeHHA BeJH- OT NviomaqH momoca. 
GHHbI CHJIbI, elicrByiomeh Ha : 
-AKOpb Tp H3MeHCHHH CedeHHA NomOcHoro HakoHeyHHKa. Bee KpHBbie 
(bur. 5,7) cxatst npw 2000 amnepsurKax KaTYLUKH., 
Kaxaoh Benuanue 3a30pa 8 COOTBETCTByeT ONTHMAJIbHOe 3HayeHHe 
Pa3SMepoB NovsIocHoro HakoHeyHHukKa, 


¥, 6 5 CuctemMbl Mepemenhoro Toka 


B MarHuTHBIX cHcTeMaxX MexaHuyeckaa 
paOota nepemeujeHHA AKOpa oT nonOmKeHUA 
8» HO 8% COBepulaeTcd 3a c¥eT MarHHTHOd 

_ SHEprHH cHcTemp W. 

B cucremax c MOCTOAHHEIM 4HCaOM To- 
| ToKOcHeEnseHHH  9Ta padoTa onpexensnetca 
0 NAOWALbIO TpeyrodbHuKa oab (pur. 5, 8): 


Pur. 5, 8. Tuarpamma NNOWAatb oab = 0,5 (i,;—T1 a)> 
pacoTn cucTemp! ¢-nocm. 


Ne 








rye /,—s3HaveHve TOKa mpH sa3ope 8,3 

/,— 3HayeHHe TOKa npu sa3ope $,. 

IipH yBemvyeHHu pa3HOCTH 3THX TOKOB yBeJIM4HBaeTcA H pa6oTo- 
CNOCOGHOCTb SVIeKTpOMarHHTa, MpH4em 9Ta Pa3HOCTb B ONpezeneHHoH 
CTeneHH 3aBHCHT OT NIPHHATOrO SHaYeHHA HHAYKUHH B, pH paso- 
MKHYTOM sKope., 

I —f ! 
IIpa noctpoexuH saBncumocru —— = f(B,)- nonyuaetca KpH- 
1 
Baa, B KOTOPOH HMe€TCH CHO BbIPaxKeHHOe MAKCHMaJIbHOe sHaueHHe 
} l,—1 
Ruaxe = — 7; > (pur. 5,9). B paunonanbxo phinomHeHHEx KOHCTDp yK3 


UHAX SHAYCHHE Rygxe ObIBaeT NopagaKka 0,9. 





135 


-y 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Mpaxtwueckw Aa OMpeeeHHA ONTHMANbHOrO SHANeHHA MOCTY- 
maior cJlefyroulHM o6pa3om. [logcunTbiBaioT 3HayeHHe k DAA pasHbix 
pemw4uuH HHAyKUHH B,, CTpOAT KPHByto k=f(B,) w NpHHAMAaIoT 
gnauenue B,, COoTBeTCTBYIOWCe Rane. [Ip HakOnJieHHH pda OMbITHbIX 

is H pacueTHbIX JaHHbIX CTPOAT KDPH- 
tele spe B,=f(Qsx, 8.), HB 3TOM 

4, a cmyyae HeCKOJIbKO rpoMo3azkam pa- 

6ota mo MNocTpoeHvio KpHBOH R 
K mane oTnayaet. 


5-8. KOIPOHLHEHT BO3BPATA 


| &p 
y KosppunveHToM BO3BpaTa Ha- 
@ur. 5, 9. Kpupaa k =f (B,). si 
D 3bIRAIOT OTHONIeCHHE BeJIHYHHbI, MPH 
KOTOpOH MpoOvcxOAHT OTNyCK AKOpA, K BeMYHHe, pH KOTOPOK 


MpOHCXOAHT ero BTATHBaHHE. i. 
KoadipuunenT BO3BpaTa N1O TOKY PaBeH Ry = 
U 
om 


cp 
KosdipuuueHT BO3BpAaTa NO HanpsAKeHHIO paBeH k=: 





SHayenHve Kkoodxpannenta 
BO3BpaTa Bcerla MeHbille eH- a Qe 
HHUbIl WH KOJeONeTCA Ala pa3- 
HbIX HCMOJHeEHHH QJIeKTPpOMar- | 
HUTOB B Mpewemax ot k, =0,1  Qy 
no Rk, = 0,99. Vana Bpruucie- 
HHA &, HEOOXOAHMO HMETb Xa- 
pakTepucTHkKH MpOTHBOLeH- 
CTBYIOUNLHX MeXaHHYeCKAX CHI 
HW TAFOBOM 9NeKTPOMarHHTHOH. 
Jaa mpumMepa paccMOTpHM Mar- Qn a 
HUTHY!IO CHCTeMy C NOBOPOT- 
HbIM AKOpeM. XapakTePHCTHKH 
Q,= Q(8) H Qn =Q(5) mpu- 
pefeHb! Ha durype 5, 10. Ilpu 
HauajibHom 3a30pe 6, HMeeM = aur. 5, 10. Anarpammel ana onpeneneHnn 





On oe 


ceqyiouve 3HAYeHHA CH Ha koapbuunenTa BosBpata. 
aqkope: 

1) mpoTuBogeficrByromve: Bec AKOpA H HavaJIbHOe HaTAKCHHE 
Nip yKHHBI ; 


2) 9eKTPOMarHHTHas: pH KaKOM-TO TOKE cpa6aTpiBaHAd Lo, 
cosqaeTcd CHa TaKOM BeMUHHEI, YTO OHA MpeBbliuaeT Qn. 

O6bINHO NPHHUMAICT, YTO Hauadly DBHKCHHA AKOPA COOTBETCTBYET 
papeHcTBo Qy; = Qny. 

Ip KoHeyHom ga3ope 8, HMeIOT MeCTO CJlefyloWiMe 3HaIeHAA CHV 
Ha AKope: 

1) mexaHwyeckHe NMpOTHBOAeHCTBYIOUINe CHIBI: yoOaBaAAercA CHa 
PACTAXKeEHMA NpyKHHbI Mp xXoAe OT 4, HO Sp 


Qna = Qe -+ Qni a AQn. 
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2) SHCKTPOMArHHUTHbIe: SICKTPOMArHHTHAaA cua pH TOM Ke ToKe 
lop H 3a30pe 6, GyzeT Sonbulei u paBHa Q,po. 

AKopb pee 6yzeT OTXOAHTh OOpaTHO B TOM cyyae, KOraa TOK 
KaTYWKH CHH3HTCA AO 3HAYeHHA /om, IPH KOTOPOM 3uIeKTpOMarHHuTHas 
cHJla Q,3 CTAHOBHTCA MeHbIe CHIBI Qno. 

BoluvcauM syavenve KoaddbunueHta BOSBpaTa IO TOKy: k, = 


=. Tpu sazope’8, ameem: Qua = y/7,; Qeg = Ayl'my OTCIONA 


cp wos cet 
[= V Sa. 7 / %s = \/ na 
‘tp ky 9 om ~~ ky Gee ky e 


sf Vee Q, + Qn, + AQ, 
ol ae TFG tiG, FG,’ — 


rhe Qy = Qo —~ Qng — H36bITOUHAA CHa Ha SJIEKTPOMA@rHuTe B Ko- 
HEYHOM MIPHTAHYTOM NOMOKeHHH AKOpA. 
Iipeo6pasyem (5-8), q06aBnad B UNCMTeRb +Q, 4 —Q,, 


Qna + Qu -Qu Qu 
nny “Viraia 6 


Takum o6pa3om, 3HaveHve &, TeM BBIIe, YeEM MeHbIe 3HayeHHe Qu 
H 4eM Oosbwe Qno. 

Ha ocuopanun (5-9) ycranaBamuparior cjleqyromee momo Keune: 
BbICOKHA KOSpPHUKeHT BO3BpaTa nNovlyyaetca NpH yCOBHH coBna- 
ACHNA JICEKTPOMArHHTHOW WH MeXaHM4ecKOH XapakTepHCTHK 3eKTPO- 
MarHuta. [ipakruyecku Takoe copnafeHve Ha BCcell yacTH XapakTe- 
PHCTHKH HeOCyuIeCTBHMO. OHakO MOXKHO BBINOJIHHT pese Tak, YTOOBI 
HMeJIO MECTO COBNaAeHHe Ha ONpeAeJIeHHOM y4aCTKe XapakTepHCTHK; 
TOrQa AKOPb pelle AOMKEH HMeTb ABHKEHHE TOJbKO Ha 3TOM yuacTKe, 

CrenqyeT OTMeTHTb, 4TO (5-9) naeT npvOuMKeHHOe 3HaYeHHe. Jleno 
B TOM, YTO MpH BBIBONE STOrO BbipaxKeHHA 3Ha4eHHe k, NpuHATO 
OMHHaKOBbIM AIA CH Qog H Qos. Tipaxtuyecku xe KOIPDHUHEHT 
STOT HEOAHHAKOB WIA O6eHX CH, YTO OOBACHKETCA HaIHUHeM KO9p- 
WATHBHOH CHJIbl B CTaJIH MarHHuTonposoara. 

Aa Monyyenua TouHOrO 3HayeHUuA k, HEOOXORHMO CTPOHTb KDpi- 
BbIc HaMarHH4HBaHHA H pa3sMarHH4YHBaHHA CHCTeMBI. 

Bpruncasiot sHayenud D, , WH Py om — NOTOKOB B paOouem 3a30pe, 
MPH KOTOPbIX MPOWCXOAMT cpabaTbiBaHHe AKOpA (BTArHBaHHe) H OT- 
Nyckanne ero. [lonb3syacb KpHBoH Nosioro uuksa paboTHl 3NEKTPO- 
MarHuta (pur. 3, 30), onpenensioT 3Ha4ueHHe KOSPUUNeHTa BO3BpaTa 


Fom OCg 


gear "7°" 
F es oa 
H3mMenenve Koodpbunnenta BO3BpaTa B OMpeweseHHOK cHcTemMe 
OCYMLECTBIAETCA H3MCHEHHeM KOHe4HOrO 34a30pa 6, HH NocTaHoBKot 


NpyXHHbI C APYHM yrviOM x*KecTKOCTH j. 


Torna 
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rAABA 6 
BbIUHCJIEHHE CHJI H MOMEHTOB 


6-1. HCXOQHbIE NMOJIOMKEHMSA 


B 9leKTPOMarHHTHBIX CHcTeMaxX MexaHuHyecKan paOoTa nepemenre- 
HHA AKOPA COsMaeTCH 3a CYeT H3MeHeEHHA NOABeAeHHOM M3 CeTH 
MarHUuTHOH  3Hepruv. BpipaxkeHHA QA CHJI H MOMCHTOB Ha Akope 
OMNpeAeAAIOTCA COOTBETCTBEHHO: | 


dW 

Q= Fi (6-1) 
aw 

M=—. (6-2) 


3necb 8 n §—napameTpbl, ONpenzeAlommMe BeNHUHHY XOJa HJM yruia 
noBopotTa AKOpA. 

B 3aBHCHMOCTH OT XapakTepa CHJIbl, CO3QaBaeMOH Ha AKOpe, pas- 
WUaIOT : 

Cuay mputaKenua noBepxHocTeH AByxX Te) H3 MAarHHTHOTO 
MaTepHasla, KOra CHJIbI MpOAOAbHOrO TH.KEHHA CHJOBbIX TpyOoOK, 
TIPOXORMAWHX MEKLY STHMH NOBEPXHOCTAMH, BbI3SbIBAIOT MNPHTAKCHHE 
fOBHXKHOH YaCTH K HeNOXBHKHOH, HalpHmMep AKOpA K cepseu- 
HHKY. 

Comenousnyo cHuly, HaOsmoalollyloch B MpxAMOXOMOBbIX CouIe- 
HOHWJHbIX CHcTeMax, rae Ha AKOpe co3sqaeTcA CHJla, ONpesesnemaA 
B3aMMOeHCTBHeM HOTOKa yTeYKH OT AKOPA K HapyKHOMy sApMy 
¢ TOKOM, IIpoTeKaloulHM B KaTyllke. B coeHOHAHbIX CHCTemMax Nepe- 
MelueHHe AKOpA, Mp HanMynMH cToNa B CHCTeMe, onpelesAeTcA 
O6e@HMH BHJaMH CHI: IPHTAXKeHHA AKOPA K CTONY HA COJIeHOHAHOH. 


6-2. BAMYAHHE KPAEBOrO MNOTOKA 


SHaueHHA CHI H MOM@HTOB SJIEKTPOMArHHTOB TIpONOpmHOHaJIbHbI 
dG dG 
BeJIHUHHE a HJ aa re G,—MpOBOAHMOCTb BO3AYUIHbIX padouux 
gazopos: G, = G, + Gy. 
Ha OcCHOBaHuM pAga HOAcyeTOB yCTaHOBJeHO, YTO C H3MeHEHHEM 
Xoa AKOPA MpoBosMMOcTh KpaeBoro NoTOKa G,, MeHee pe3KO H3Me- 
HAeTCH C H3MeHeHHeM XOfa, eM paOouaMd NpOBOAMMOCTb Gp, T. e€. 


STO 3HaWHT, UTO CHa Ha AKOpe, CO3MaBaeMan KpaeBbIM MOTOKOM, 
He3HAUHTeNbHa MO CpaBHeHHIo C CHOH, co3qaBaemMoH pa6ounM m0- 
TOKOM. PaccMOTpHM JJIA MpHMepa Moule MexAy AKOpeM H cepfedHH- 
KOM UHJIHHApH4eCKOH @OpMBI. 
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IIpumem r=2 cm; 8=0,2 cm. 
Ge = Gy + Gu = Gy + (Gia + Gia) = 78,5 + 10-8 + 13,8 - 10-8 = 


= 92,3-10-* a6/as. 
dG dG | 
Fr = —393 - 10-8 e6/ae; =" = 4+ 10-8 e6/ae. 


dG 
ry == —389 - 10-8 66/ae. 

Takum o6pasom, B 2aHHOM mpumepe nosyaaem clenyronlee: BeJIH- 
WHHa Kpaesoro noToKa paBHa 17,5% paGouero, mpowsBogHad mpo- 
BOAMMOCTH KpaeBoro NOoTOKa paBHa JMWb 1% npox3BogHOH nposo- 
AMMOCTH paGouero. JA HEKOTOPbIX (OPM MArHHTHbIX CHCTeM 9Ta 
undpa nosbiuaetca No 5—10%. 


6-3. DOPMYJIA MAKCBEJIJIA 


Cua MpuTskeHHA MoBepxHocTel AByX Tel H3 MAPHHTHOTO Ma- 
TepHasa, Mey KOTOPbIMH NpoTeKaeT NOTOK ®, Bbiparxkaetca no 
MaxcBesay 

2 
Q= a OuH, (6-3) 
re P—B MKC, g —cM?. 

@opmya Makcsena cnpapeqiuBa AAA ecnyyaa OXHOpORHOrO 
non. [IpH paccmMotpenuH mona MexKAy sAKOpem u cepzedHHKOM 
QJIEKTPOMArHHTHOW CHCTeMbI MOXKHO MpPHOHKEHHO CUUNTATh Hove pa6o- 
wero MOTOKa OAHOPOAHbIM. ITO Nose 4 YUHTLIBAeTCA B (6-3), a Kpae- 
Boe Mole OTHOCAT K NlOTOKaM paccesHHaA. 

@Popmya Makcrena gqaetT B page clyyaeB TOMBKO mpHOmMxKen- 
Hoe peuleHHe C OWIHOKOH Mopsaka 5—15%, nosromy ona mpume- 
HAeCTCA, KaK [PaBHJIO, B MpeABapHTeJIbHbIX pacueTax CHCTeM Cc MoO- 
BOPOTHDIM SAKOpeM H TIpHMOXOAOBbIX. IIpH mpoBeqeHHH TOUHBIX 
pacwetos @opMyJia MpHMeHHMa AVIA BbISHCJICHHA CHJI B KOHeYHOM 
MOJIOKCHHK AKOPA, KOrAa 3a30p 5 HeBeIHK. 

IIpumMeaa opmyly, HeOOXoqMMO yUHTbIBATh pox TOKa. 

Cucrema nocroauHoro Toka. [Ipeo6pasya (6-3), HOuyuaem 


(Q=406- 108 = cc, (6-4) 

rae P—p peGepax, g—cm*. Uacro nonmp3yorca coorHowexnHem 
? Q = 4,06 - 108B2g KI, (65) 
rae B,— oa’ 3 


Cuctema nepemeHHoro Toka. PaccmorpuMm cHcTeMy, rye OTOK Me- 
HAeTCA NO 3aKOHy | 
@, = @D sin wt, 
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B TakHX cHcTeMaX YUHTbIBaeTCH MIHOBeHHOe 3HayeHve cH Q, u 
cpefmHee 3HayeHHe Chuibl 3a nepHor Q. 


p 2 cin? w . 
Q, = 4,06 - 108—! = 4,06 - 108 ae (6-6) 


T T 


ao3 a 1082 \ cine 
Q=+4| Q-dt = 7 4,06 10 P { sin wt dt, 
% | 


Q 


HAW 
2 


@p 
Q = 2,03 - 108 rs Kr; (6-7) 
Q = 2,03 - 10°Big KI. (6-8) 


IIpu pacuere cucTeM MepeMeHHOrO TOKa C KaTyLUKOM Hanpsaxe- 
HHA | = nocm, sHaueHHe ®, onpeseisioT W3 3HaYeHHn PP — NloTOKa 
CHCTeMbI. 

EcaAn 

pb V2U. 5 Gottnt Gu. g 2% 
— ww ? Gy 2 #8) gq? 
rae G,,— pHBefeHHoe NO 4YHCAy MOTOKOCHeNeHHH SHayeHHe Mpo- 
BOAMMOCTH yTe4KH, Tora 


Q = 2,03 - 108 a (6-9) 


6-4. BbIPA)KEHHE CHJibl B ®YHKUMH MPOK3BOAHON 
NPOBOAMMOCTH 


Oopmyaa Makcpesa He Bcerga yoOHa MIA pacueToB, Halpu- 
Mep NpH BbINHCJIGHHH MOMCHTOB B CHCTeMaX C NONepedbiIM ABH Ke- 
HHemM aAkops. Kpome toro, 9Ta dopMyia B page culyyaeB He aeT 
TOUHbIX pe3yJIbTaTOB pacueTa. 

Bonee TOUHbIe pe3syJbTaTb! NOMyyaloTcA PH MOMb30BaHHH dop- 
MyJOl, BbIBOL KOTOPOH MpoH3BeheH Ha OCHOBe yyueTa GOaylaHca Mar- 
HHTHOH 3HeprHH cHcTeMbI (cM. 6-1 u 6-2). IlpecOpas0BaHHA 9STHX 
dopMyJ NpPHBOAAT K BHAy 


Qap pik wm, (6-10) 
1 »,dlb On 
MatPe %, (6-11) 


tg)? 

Suauenne L = a» Te R=R,+R.. 
Tipu HawuHn BosfyuiHbIx 3a30poB B cHcTeme R, << R,. Ho- 

STOMY IIpH MpakTHyecKHX pacueTax SIEKTPOMArHHTOB MpHHHMAIOT 


b= o = w?G reHpH, (6-12) 


8 
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‘ 26 
rae G—poBo_uMocTb BOsAYIWHEIX NyTeli NOTOKOB B cHcTeme B % 


ma 

M43 (6-10), (6-11) u (6-12) uMeem 
Q= slur eM — 5,122 er. (6-13) 
M = 5,112 3 KI CM. (6-14) 


IIpH no#bsonaHHH cooTHOmeHusaMH (6-13) # (6-14) Heo6xogumo yun- 
TIBATb OCOO€HHOCTH CHCTeM NOCTOAHHOTO H MepeMeHHoro ToKa. 
CuctemMb! NOCTOSHHOrO ToKa. IIpouspegjenve Jw npercrapastior 
coOol wacTb H.C. KaTYylIKH, saTpauMBaemoll B pa6ouem sasope, F,, 
Takum o6pa3om, coorHoweHua (6-13) u (6-14) nonyaator Cle A yrounuh 


BUI: 
2 dG 
Q=95,1F, = KL. , (6-15) 
dG 
M =5,1F 5 wT. (6-16) 


Samayy onpenenenna F, peulaior rpacbuyecku, NOJb3yACb KpH- 
BOH HaMarHHyHBaHHA CHCTeMBI: ®, = f (F, ++ F x) (ur. 3,26). B rouxea, 
COOTBETCTBYIONeH NOMHOMy 3HayeHMIO F KaTyuIKH, MpoBoZAT NIpAMYIO 


G 
ab, lO yroM a, npuyem tga=— (p — KoabpuuHeHT, yuHTEIBalo- 


WMH MaciuTa6er ® u F). Orpesox ca Ha ocH a6cuHcc onpezensner 
3HayeHHe F,. STO 3HaueHHe MeHHeTCA 110 XOMy AKOpA, Kora Mme- 
HACTCH MPOBOAMMOCTh BO3yUIHOrO 3a30pa G,. IIpu pacuete IEKTPO- 
MaTHHTa NIPHHHMaloT BO BHHM@HHe HakOosIee HeOnaronpuaTHbie yc- 
JOBHA, T. ©, MHHHMAJIbBHO BO3MOMKHOE 3HAYEHHE H. C. KATYLIKH, OTOMy 
YCIOBHIO COOTBETCTByeT Cilyual BKJIOYCHHA KAaTYWIKH Ha NOHWKeH- 
HOe HalpaxKeHHe ceTH, HallpHmMep U =0,85U,, mpnuem mpeouia- 
PaeTCA, YTO CONPOTHBJIEHHE KATYWUKH COOTBeETCTBYeT MaKCHMaJIbHOMY 
SHAYCHHIO TIPEBbILeHHA TeEMNepaTypbl 


0,85U,,,w 
——. 





(6-17) 


P sass — 
20p 


CucTembl nepemenHoro Toa. F = nocm. JIna cucreMbl c TOKOBOii 
KaTYWKOH eHCTBHTe/IbHbI cooTHOWeHHA (6-13) H (6-14), Ho npu 
STOM CilelyeT Y4HTbIBATb, YTO 3Ha¥eHHA Qu M nonyyairca cpen- 
HHMH 3a fepvog, F — addbekruBHoe 3HayeHne H. c. 

CuctembI nepemennoro toKka. ¢ = nocm. B takux cucremax Ipu- 
HHMal0T 


S6 > Vo° (6-18) 


fa, (6-19) 
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Vis (6-13), (6-14), (6-18) u (6-19) 


U? db U* dG | 
Q a. 0,5 wl? db = 0,5 aw ®G? dd Oc/cm, : 
HAH, yuuTbIBaa G, = G/o, HMeeM: 
Q=5,1 Sand @ KT. (6-20) 
M = 5,1 —7—, 22 aFew. (6-21) 


w*woG 7 dQ 


fIpx serucnennu Q u M caegyer yauteipatTh U = 0,85U x. 


6-5. TPEX®A3HbIE IJIEKTPOMAL HHT! 


CyuecTByiOT 9JIeKTPOMarHHTHl, CHaOKeHHbIe TpeMA CHCTeMaMH, 
KoTopble feficrByioT Ha O6wMA AKOpb. KaTyuikd STHX CHCTEM BKJIIO- 
ualorca Ha TpH (ba3bl ceTH MepemeHHoro TOoKa ((pHr. 6,1). Mruoseu- 
Hoe 3HayeHHe CHJIbl Ha AKOpe C y4¥eTOM AeHCTBHA OMHOK KaTyUIKH: 


Qu= eX (6-10) 
IIpumem i = 7/sin wt. B tTpextbasHoH CHMMeTpHYHOR 


db ° 
CHcTeMe, MIpH yCAOBHH, YTO NOTOKH OTJeJIbHbIxX (a3 CH- 
CTeMbI HE BJIHAIOT APyr Ha Apyra: 


Q=0,5 ba sin? wt +- [3 sin? (wt + 2 x} + 


; 4 aL 
-|- [2 sin? (wt + 4«\|% 


Iocne npoBefeHuA COOTBeETCTBYIOUIMX mMpeocOpasoBaHHh 


I 





nowiyuaem 

Q= 512% doejcm. (6-22) 
Mur. 6, 1. 

Crpoenwat == Takum o6pa30M, MIpH HasM4nH TpOHHOH CHCTeMbI 
ee C KAaTYWKaMH, BKJIOWCHHBIMA B CHMMeTpH4HOH Tpex- 
pemennoro cbasHo ceTH, OOujee 3HaYeHHe CpeAHeH CHJIbl Ha AKOPE 
TOKa. B 1,5 pa3a Gobwie cpeqHeH CHJbl OHO MarHHTHOH’ 

CHCTeMBI. 


OrmeTuM, 4ro cua Q cTpoeHHoh CHCTeMbI OCTaeTCH MOCTOAH- 
Holi BO BPeMeHH H, C/eAOBAaTE/IbHO, OTCYTCTBYIOT ABJeHHA BHOpa- 
WH, Novyyatoujweca B OMHOasHOH CHCTeMe. 

6-6. COJIEHOHAHAA CHJIA 


B nmpaMOXxOOBbIX CHCTeMaX CHJla Ha AKOpe, ONpekemAemad H3Me- 
HCHHeM MarHHTHOH SHeEprHH CHCTeMbI MO XOfMy AKOpA, paccMaTpH- 
BaeTca Ana yaoOcTBa pacueTa cocTroameh w3 AByxX CH (pur. 6, 2): 
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a) Qi —CHJIbI NpHTsKeHuA ABYX MOBEPXHOCTeH, onpenensemolt 
TOTOKOM @, 3, 

6) Q, — coneHouAHOH cuamH, ONpewqeNHeMOH B3aHMOselicTBHeM O- 
ToKa yTeukH ®, OT AKOpA kK Hapy2XHOMy KO%KyXy C ToKoM, nmpote- 
KaloulMM B KaTYlKe. 

Bbiuvcaenwe 3HayeHun Qo. 


0, = ey = = I ate Ooc/cm. (6-23) 


Uvcno notokocuennennit nmoToKa 
yTeuKH q,: 


by = xB, yx = > Byxt, — (6-24) 





Our. 6, 2. Cunm na akope 
NIPHMOXOAOBOH CHCTeMDbI. 


re 8, — nyqyKuna NOTOKa, BbIXolaA- 
(6.24) HOPMaJIbHO K OCH AKOpS, ¥y—nepumetp axopa. H3 (6-23) u 
_ WXY 
YUATHIBAA, ITO HaNpAxKeHHOCTA nonA KaTYLIKH 
lw | 

l= T+ Py, = Byyx, 
HMeeM 

Qa = 10,2H®, xr. (6-25) 


Ana cucrem » = nocm. CHEAYET VUMTHIBATL, YTO Qy — CpemHee 3Ha- 


WeHHE CHJibl 3a Nepuog, P,, — aMnautTyAHOe 3HayeHHe notToka. B stom 

ca1y4ae 
10,2 

Q= He, 6-26 

2 V2 Yy ( } 

IIpa BeraucaenuH coneHonaAHO cHabr HeOOXOAHMO MpHHHMaTb BO: 

BHHMaHHE CMelieHHe HeliTpann a—b, KOTOpoe NO Mepe’ yBeH4eHHA 

* W YMeHbWweHHA 6 NepememlaetTca B CTOPOHY pa6oyero 3a30pa, TO: 

NPHBOAHT K YMeHDbILeHUIO P,, a CNeOBaTebHO H Q,. pw 3Hayeuvax 


5 <0,1/, BeaHuHHy Qa npakTHyeckH MomHO He y4HTbIBaTb. 


6-7. BIIMAHWE PACNOOKEHUA KATYLIKM B CHCTEME 


Benwwnna Taropolt cna INEKTPOMAFHHTa B 3HA4HTeJbHOM cTe- 
NCHH 3aBHCHT OT paCNOMOKeHHA KaTYWIKH B MarHHTHoii CHCTeMe, 
Bo3smMoxKHb! Clezyloue BapHanTbi pacnoomwKeHuA KaTyWIKH NpH oTny- 
MIGEHHOM AKOpe: 

a) CpeaHAA MHA KaTylKH COBNanaeT co cpeaHeli aunHeH Ha- 
WabHOrO BO3AYWHOFO 3a30pa MedKAY NOABHOKHDIM AKOpeM H_ Heno- 
ABHKHbIM CepAC4UHHKOM; | 

6) CpeqHaa AMHMA CMemeHa BuleBO (pur. 6,3 @); 

B) CpeAHAA JIMHHA cMeleHa Bupaso (ur. 6,3 c). 
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A. Il. Hasapenko, pH HCCMeqOBaHHH MarHATHbIX CHCT€M KOH- 
TaKTOPOB, YCTAHOBH BIMAHMe pacnOvlOxKeHHA KaTyWKH Ha BeAHMHHY 
THOBOH CHJIbI 3JICKTPOMarHHTOB C NOBOPOTHbIM AKOPeM. Ha durype 
6,3 mpuBegenbt nonyyenupre A. II. HasapeHKo KpHBble, 43 KOTOPbIxX 


@ Q © , wart © | wy 
ak ie l — 

of 1 > 
agi tpl. 


-a ry +2 


ls 


——_ ame a <i 


ur. 6, 3. KpHpbie 3ABHCHMOCTH CHJIbI Ha AKOpe OT pacnOJIOKeHHA KaTYWKH. 


BHAHO, YTO HanOosee ONarOnpHATHbIe YCJIOBHA B OTHOIICHHH CO3TaHHA 
HayalbHolt CHAbl Ha AKOpe, MOMyyaloTcA Mp MOOAXHTCbHOM 3Ha- 
YeHHH a. 

A. Il. Ha3apenko npemiorwkena COOTBeTCTBYIOINaN KOHCTpyKOMA 
JWI IEKTPOMaPHHTOB, KOHTaKTOpOB H peJie MepeMeHHOrO TOKa 










WLLL q 
Yin: 
: 2 
4 
0 J 
Mur. 6,5. TsroBbie xapakTepHCTHKH 
Q/IEKTPOMArHHTOB: 
Dur. 6, 4, Marnutaa 1— SKOpb BHe KaTyWIKH; 2 — HKOPb 
CHCTeMa. B KaTyLUKe., 


(pur. 6,4). [lo cpapHeHHio c paHee IPHMeHABWeHCA WIA KOHTAKTO- 
pOB NepeMeHHOTO TOKa MarHHuTHOH cucTtemoH E-o6pa3Horo THMa C yTON- 
JeHHBIM pacnonoxKenvem KaTywikH, A. []. Hasapewko nowysua SHa- 
YHTEJIbHYIO 9KOHOMHIO MeAH H CTAaJIH. 
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_ 


rUABA 7 


PACYET SKPAHA JIA YCTPAHEHHA BHBPAWHH SAKOPA 
7-1. BABPALHH AKOPS 


ITpw BksioveHuH KaTyuleK 2JEKTPOMAarHHTOB Ha HallpsKenue ne- 
PEMEHHOPO TOKa NOJydalouleeCh HA AKOPe MFHOBeHHOR 3HaueHHe CHIBI 
Q, He ABJIAeTCA BeENHUOnHOH NOCTOAHHOH, @ H3MeHAeTCA BMeCTe C H3- 
MCHeHHeM [10 BPeMeHM BeJIHYHHbI NOTOKA B CHCTeMe. 

IIpH Hanwunw noroka 2, = @®sinwt mrHopenHoe s3nayuenue CHJIbI 
NOWyYaeTCA PaBHbIM 


pe 
Qi = 4,06 - 10° = 4,06 - 108 = sin? wt. (7-1) 


Samenaa B (7-1) sin? wt = 0,5 (l—cos 2wf), 
HMeeM 


Q: = 2,03 - 108 — 9,03. 108 = cos 2ut. (7-2) 


Takum o06pa30M, MO%KHO CUHTaTb, 4TO MrHOBeHHOe 3HaYeHHE CHIBI 
COCTOHT Kak Ob! H3 ABYX 4aCTel: 


1) nocTosHHOH cocTapasiome Q = 2,03 - 108 = (7-3) 
2) MepeMeHHoi coctapasiomelt Q’ = 2,03. 108 = cos 2we. (7-4) 


[lomHoe 3HayeHHve cus Q,; MenAeTCA Cc 
ABOHHOH YacTOTOH OT HyaA (pH wt = 0) 
AO ABOMHOrO 3HayeHHA (pH wt = 0,5z) 
(cur. 7, 1). 

Ecnu mporTupogelictsyromaa — mexa- 
HugecKaA CHJIa—B  deKTPOMAarHHTe 
papHa Q,, TO B MOMeHTBI, Koraa Qn > 
> Q:, AKOPb HayHHaeT OTXOMHTd OT Cep- 
MC4uHHKa H CHOBA BO3BpalaeTcA B MO- 
MeHT, Korga Q, > Q,. 

Takum o6pa30M, skKopb B TeueHHe 
OfHOrO Mepvona cTpemuTcA oOTOlTH OT 
CepfeuHHKa H [Ba pa3a cHOBa npuTA- ur. 7,1. Kpusnie Q = t(f) 
HYTbCA K HeMY, 7. €. pH nmepemMeHHom J€KTpomarHuta nepemennoro 
TOke C€ 4YacToTOH 50 ey aAkopb HuMee>T one 
100 Kone6aHu B cekynay. STH KoneOanua HEONYCTHMbI, TaK Kak 
OHH CO3faloT YCJIOBHA, MPHBOAALWHe K H3HOCy MarHHTHOH CHCTeMBI 
H K MOArOpaHHtO KOHTAKTOB. 

Kpome Toro, BHOpaunH sKOpA BbISbIRAIOT IyM H ryfeHve, He- 
NPHATHO elicTByloUlHe Ha OOCyKuBAIONA nepconaa. [lostomy ps 
SJ@KTPOMArHHTax NepeMeHHOrO TOKa MPHMeHSIOT, KaK MpaBHJO, cie- 
UHaJIbHbIe Mepbl K YCTpaHeHHlO BHOpauua. 
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7-2. CIOCOBb! YCTPAHEHHSA BHBPALMA 


Jina ycTpaHeHia BHOpaluHH HeOOxXOAMMO, uTOOLI IPH MepeMeHHOM 
TOKe QICKTPOMArHHTHaA CHa NpHTAKeHHA AKOPA HE Maalla HHKE 
cub! Q, mpoTHBoelicTByrowero yctpotctBa. Una storo MarHuTHyto 
CHCTeMy HCHOJHAIOT Tak, YTOObI NPHTAKeHHE AKOPA MPOHCXOAHIO OT 
felicTBHA ABYX MOTOKOB, CYLUIeECTBYIOLIHX OAHOBPeMCHHO, HO CABH- 
HYTbIX B MpOcTpaHCTBe H BO BpeMeHH. Torna npH mepexose 3Haye- 
HHA OMHOFTO NMOTOKa Yepe3 HyJib APyrOw HMeeT KakytO-TO oOTpeseseH- 
Hy!IO0 BeJIHUHHYy, Oarowaps YeMy 
3HaveHHe 3JIEKTPOMarHHTHOH CH- 
Jin) He CHHKaeTcA MO HyJA. 

Jina ycTpanenua sBrOpaunl 
B TipakKTHKe MpHMeHAIOT Ba CNO- 
coda. 7 

1. MarsuTHas cucTema pense 
COCTOHT H3 ABYX OTAe@JIbHbIX Mar- 
HHTONPOBOAOB; KaTylukKa OHOTO 
MarHHTONpoBona NoAksOVAeTCH 
HenocpeCTBeHHO K CeTH, a BTO- 
poro — yepe3 eMKOcTb. B 3TOM 
Cyly4ae MOTOK BO BTOPOM MarHHTo- 
Mpopose CABHH\T No daze Oo 
@ur. 7,2. Maruutonpopog ¢ akpaHom. OTHOWeHHIO K NOTOKY TepBoro 

MarHuTONpoBona. 

2. B cepmeuuuke WM B AKOpe MarHATHOH CHCTEMBE! y pa6ouero 
3a30pa CTABHTCA KOPOTKO3aMKHYTOC KOJIbUO — SK pal (pur. 7,2). DkpaH 
OXBaTbIBaeT TOJIbKO WaCTb CeYeHHA CepaeuHhkKa UJIH AKOPA HW NOTOK, 
NIPOHH3bIBaIOULHfi STY SKPAaHHPOBaHHVIO 4YaCTb, OTCTaeT NO chase OT 
MOTOKa, MpOHH3bIBaIOMWWerO HeEIKPaHHPOBaHHylO WacTb. 

B pemeiHoH mpakTHKe NpwMeHAeTcA, Kak NpaBHO, BTOpOH cmo- 
co6 ycrpanenua BHOpaunit. Tepspti cnoco6, nau Oonee PpoMo3,- 
KOe KOHCTPyKTHBHOe pellieHHe, MPHMeHAeTCA PEAKO. 

CnesyeT OTMeTHTb, ITO B BIEKTPOMAarHHTaxX C TpeMA KaTYUlKaMH, 
BKJIOYCHHbIMH _B Leb Tpexcpa3sHoro ToKa, ABJeHHe BHOpallMn He HMeeT 
mecta. O6pacHAeTCA 9TO TeM, 4TO OOMlaH CHa NpHTAKeHHA Tpex 
NOTOKOB, CABHHYTbIX No case Ha 120°, nponopunoHaJbHa @? uw wMeeT 
NOSTOMY NOCTOAHHYIO BeJHMUHHY, He SaBHCALyIO OT BpeMCHH. 





7-3. TLYJIbCAUHH CHJIbI 


Hywxe paccMaTpuBaloTca CHCTeMbI C SKPaHOM. Ha curype 7, 3 npez- 
craBsleHa Ta YaCTb MarHvTONpoBona, Te NMPOHCXOAHT CTBIK MeKAY 
sKOpem H cepfeyHukom. B cepgeuHuke yCTaHOBJeH SKpaH B Bue 
KOPOTKO3aMKHYTOFO BUTKAa H3 JlaTyHH HJM MedH. 

Ilpumem cyienytoulne OO03Ha4eHHA: 

a) HeSKpaHHpOBaHHad YaCTb— MOTOK Mj, MsOWatb CeveHHA qi, 
3a30p 4; 
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6) SKpaHHpOBaHHaA YacTb — COOTBETCTBEHHO, Po, ge, dg. 

YnpoueHHaf BeKTOpHad AvarpamMa 6e3 yYeTa yr0B NoTepb WA 
noToKoB PY, Hu Pz npupeaena Ha durype 7, 4. HamaruuyusBatouan 
CHa KaTYLWWKH MarHHTHOH cucTemb F = Jw onpenedderch Kak reo- 
MeTpH4ueckad cymMa F,=/,w ana noToKa Dy uw F, = 1/5, rae 1 TOK 
9K pana. MunyKrupnoe. CONpOTHBMeHHe 9KpaHa BeCbMa HEBEJIHKO Hi ero 
3HaueHHe He y4HTbIBaeTcA. [loTroK P, 
CAUBHHYT NO da3e NO OTHOLICHHIO K 
noToky ®,— yroa cypura &. 





@ur. 7,3. Bapvants: pacnonomenna ur. 7,4. Cxema 3amMevlenua W BeKTOpHaA 
@KpaHOB B MarHHToNpoBoge. aMarpamna. 


Tip HanH4nH notToKos ®, uw Dy MrHOBeHHHIe 3HAYeHHA CHJIbI Ha 
aKOpe, cormacuo (7-2): 
2 


P; @ 
Q,, = 2,03 - 108 — — 2,03 - 108 — cos Quit. (7-5) 
91 nN ; 
ge" a 
- Qia = 2,03 - 108 7 — 2,03 « 108 cos (2ut — 2). (7-6) 
Mau, c yyetom o603Hauenuii (7-3): 
Qt = Qi — Qi cos 2wt (7-7); Qig = Qe — Qz cos (Qwt — 20). (7-8) 





Ge G, | 
@ur. 7, 5. Bextopnaa Mur. 7,6. Cunn na akope cucTembi 
Avarpamna. C 9KpaHoM. 


AmnautyqHoe 3HayeHne cyMMapHolt nepeMeHHOH cocTaBssatouelt 
MOKeT O6bITb oo H3 BeEKTOPHOH Avarpammbl (cur. 7, 5): 


=V G+ @ + 20,2, cos 29. (7-9) 
CymMapHoe 3Ha4eHHe NOCTOAHHOH CocTaBATIOUel ? = Q, + Q,. Mpea- 
CTaBJIneT HHTepec pacCMOTpeHHe ABYX CHU (pur. 7, 6): MakcuMaJibHOn 
Qeaane = Q — Q' ’ MH HH MaJIbHOH Qiaun = Q— Q’ . 
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Ilypcauva cual, T. €. OTHOWeHHe aMIVIHTyAHOrO 3HaveHHaA Me- 
pemeHHoli coctapasiouel Q’ K NocTOAHHOH 


? 


p=%. (7-10) 

IlyapcauHn B CHCTeMe OTCYTCTBYIOT IIpH Q’ =0. YcraHoBHTb ycJ0- 
pin Q’ =O MOxKHO NOwb3yACb AMarpamMMol, NpuBeseHHOH Ha Purype 
7,5. AmnsiutyaHoe 3HayeHne Q’ =O nogyyuaeTca Mp HaIH4HH ABYX 
yenosuli: 1) Q; = Qe; 2) 2b = 7%. 

Takum o6pa30m, Ast ycTpaneHa TydbcalHM CHI B SJleKTpOMar- 
HHTe HeOOXOAHMO BbINOJIHHTb CJlIeAyrOllne yCJIOBHA: 

1) yroa capura MexKy NoTOKaMH & fOJKeH ObITb paBeH 90°; 

2) MOCTOAHHbIe COCTABAAIOWWMe CH AOJKHbI ObITb PaBHbl 


Q, = Qe. (7-11) 


Kak OyReT NoKa3aHO He, B CHCTEMAX C SKPAHOM BbIMOJHHTb MepBOe 
ycuoBHe MpakTHyecKH HeEBO3MOX*KHO. B cymlecTByIOWHX CHCTeMAaX 3Ha- 
genHe & = 50-+ 80°. IIpu Heco6moxeHHH nepBoro yCJIOBHA MHHH- 
MaJibHoe 3Ha4eHHe MWyJibCauWH NowyyaeTcA pH HaJIHYHH BTOpOro 
yCJIOBHA. 

Huxke paccmaTpHBaloTca JBe 3aqauH: pacueT CHCTeMbl C SKPaHOM 
H NipOeKTHpOBaHHe SKpanHa. 


7-4. PACUET CHCTEMbI C 39KPAHOM 


Samaueli pacueTa ABJIIeTCA BbIUHCIeHHe MHHAMAJbHOTO 3HadeHHA 
QJICKTPOMArHHTHOM CHIbl Qiaun Ha AKOpe B NpOTAHYTOM ero MOwO- 
*eHHH. TIpeanonaratorca W3BeCTHBIMH BCe AaHHble IIeKTpOMarHHTa 
H 9KpaHa: pa6ouee HanpsxKeHHe KaTyWIKH U,, WHCIO BATKOB KaTYIIKH 
w, KOXppHUNeHT paccesiHHA MaTrHHTHOM CHCTeMbI TIpH NPHTAHYTOM 
AkOpe —o, pasMepbl Nomoca g; H gg (ur. 7,3), OMMy4ecKoe CONpo- 
THBJIeHHe BIKpaHa. OcHOBHbIe COOTHOWeHHA WIA pacdeTa MOAKHO MO- 
JYUATb H3 BeEKTOPHbIX AHAarpaMM. 

PacnpefeseHue moTokos. PaccMOTpHM CXeMy 3aMelIeHHA Mar- 
HUTHOM CHCTeMbI C pacuieneHHbIM movtiocom ((par. 7,4a). Cuctema 
COCTOHT H3 BYX YacTeii: APOCceJIbHOH KaTyIUKH C BO3AYWIHbIM 3a30- 
pom 3, 4 Tpanc(popmatopa Cc 3a30pOM bg H BTOPHYHOM KOpOTKO3aMKHy TO! 
OOMOTKOT (9KpaHoM). OGuiwH noToK cepAeyHHka P, passedneTcA y 
pacujensieHuoro mostoca Ha Ape yacTH: P, uP». 

IIpu nocrpoenun ynpouexHol quarpamMp! (pur. 7, 40): 

1) He yYHTbIBaloTCA NoTepH H. C. KaTyWIKH B CTa/IH MarHHTOmpo- 
Boa; 

2) yraibl MoTepb Adis NOTOKOB YP, HW Pg MPHHHMAalOTCA PaBHbIMH, 
NOSTOMY NPH NocTpoeHHH AWarpaMMbl 39TH yrbl He YUHTbIBAIOTCH , 

3) He y4HTbIBAeTCS PeaKTHBHOe CONPOTHBMeHHE IKPaHa, KOTOPOe 
BO MHOrO pa3 MeHbile OMHYeCKOrO — NO SKCNEPHMECHTAJIbHbIM JaHHbIM 
rjX, NodyuaeTca NopAaKa 1Q. 
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SHayeHve noToKos P, uM, onpenemserca Hu. c. KaTyIuKH CHCTEMBI 
F=lw=I1,w-+ I,. 
O603HauuM G, = Hopes Go = po 2 — MarHUTHble NpoBoAMMOCTH no- 
mioca y He3KpaHupoBaHHoH u 9KpaHHpoBannoli YaCTH e©o. 
Torza - O, = V210G,; V2 1,,0G, = V21 wy COS ; 





Py — G; _ q15q 
@P Gacosb 8 ° 
O6o03HauHB ; eee er 
a= 941/923 (7-11) 
B = 6;/%., (7-12) 
nowlydaem 
P, a 
$,- Beosd’ (7-13) 
B oObldHbIX HCIOJIHeHHAX SIeCKTPOMarHHTOB 8, = 39; TorMa 
P,/P, = — = ¢, (7-14) 


cos 


Suauenwe yraia  ompenemfeTca cnexyiomuM o6pasom: 43 cpu- 


rypp 7,406 
Ly, WW” ralyw° ( : ) 


IIpu acne BHTKOB 9KpaHa, pasHom 1, 


Es = 7a Pa PD, = V 2 T,2WGo. 


Nogcrapaaa suauenua E, u ®, B (7-15), noJly yaem 
G 
tg) = — : (7-16) 


Omnpezenus OTHOWeHHe NOTOKOB P, u P, (7-14) wu 3HaueHHe 
yra , MO%KHO HaHTH BeJIMYHHbI STHX NOTOKOB B yHKUuA pe3yJIb- 
THpytoulero noToKa ®,, onpememsemoro H. C. KaTYLUKH. 

M3 ouarpamMMbl, NpHBexeHHO! Ha cburype 7,46, umeem 


Pi = Pi +- $2 — 24,9, cos (xt — b) = Di + DF + 29,9, cos tb; 


yautbipan (7-14), nomyuaem 
Pp 


@D 2 - 
° VW T0242 cos U rn) 
D, = CP,. (7-18) 


Cunbi Ha skope. MunuMadbHoe 3HaueHve aneKTpomarHuTHoll curs 
Ha AKOpe B MpHTAHYTOM ero MO/IO*KeHHH, Qimun OMpefevimeTCA Kak 
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CYMMa TIOCTOAHHBIX COCTABMAIOMIAX CHI OT MoTOKOB PP, H Py, Hi Me- 
PeMeHHO!! COCTABJIAIOILEH. 


Qt mun = Q; + Qs ~<A Q’. 
C yuerom (7-9) nomydaem 


Ornun =O, + —-V +E +2Q:Q, 082. (7-19) 


SyauenHe Qiaun HOIKHO ObITb Oovbite Qnyx— 3HAYeHHA TIpOTHBOLeH- 
CTBYIOULNX MeXaHH4uecKHX CH Ha AKOpe B IIpHTHHYTOM ero MO- 
) jlokeHil. B npoTHBHOM CJly4ae 6y eT Ha6MOMAaTLCA ABMEHHE BuOpalluH 
AKOPA. 
PacueT cileqyeT MpOBOAHTb C yYeTOM NaweHHA HallpsKeHHA B ceTH, 
rt. e. npa U =0,80U,. 
- [lorepn B akpane. AKTHBHbIe NOTepH B 9KpaHe P= I[2r,. 








Y qUTbIBaA 
if _ Eo = w Po 
3 T3 V 2rs > 
nowyyaem: 
2h2 
oe. (7-20) 
2ra 


[Ip BbIUMCIeHHM aKTHBHBIX ToTepb H MIpeBbIleHHA TeMMepaTypbI 
9kpaHa CJleflyeT YUHTbIBATb yCJIOBHe U=U,,. 

S3Hayenne TOKa B paOoveH KaTyuKe CHCTeMbI OfpewesAneTcaA M0- 
CTpoeHHeM MOJHOl BeKTOpHOH AMarpaMMbl C y4eTOM ManeHHA H. ©. 
B CTaIM MarHHTonpoBofa WH NoTepb Ha THcTepesvc HM BHXpeBble TOKE 
(cM. ruiaBy 3). 


7-5. IIPOEKTHPOBAHHE CHCTEMBbI C 9KPAHOM 


Zanaueli NpOeKTHPOBaHHA ABMAAeTCA YCTAHOBJIeHHe PaSMePOB qi i 
Q, pacilenenHHoro novicca, a TakxKe pasMepoB dKpana C TEM, yTOObI 
MHHUMaJIbHoe 3HaYeHHe SeCKTPOMArHHTHOM CHJIbl Ha AKOpe B Mp: 
TAHYTOM ero TOMOKeHHH, Qraun, ObIIO 6ompute Qn» -— KOHeYHOrO 3Ha- 
YeHHA MIpOTHBOMeLCTByIOWeH MeXaHHyeCKON CHIBI. IIpu 3STOM NpHHH: 
MaloT OlpefedieHHoe 3HayeHHe KOSPPHUMEHTA 3allaCca Ky. 


incur = Ki Qnn- ‘ 


IIpu ppipoye OCHOBHbIX COOTHOIMCHHH IA pacueTa IIPHHHMAIOT pi} 
jlonyurenufi, KOTOpble MpWBOAAT K TOMY, 4TO PacdeTHble SHAyeHHs 
CHdI MoulyualoTcA MeHbIUHMH, 4eM JeHCTBUTe/bHBIe. TlostomMy 3HaveHH 
K,, IPUHHMaloT HeOOJIbIIHM, NOpAAKa 1,1. 

O6uii pacueT H MpOeKTHPOBAHHe IICKTPOMArHHTa NPOBOAMTCA w 
yCHOBHA nodlyyeHua Tpedyemon QJIEKTPOMArHATHOH CHJIbI Np 3afaH 
abIX 3HAYeCHHAX HAadasipHo CHbI MpOTHBOAeHcTBYIOWIHX YyCTPOHCT 
Qn, H HavasibHoro xoga 5,. IIpH 9ToM BJMAHHe 9KpaHa He YNHTD! 
paeTcn. Pacuer NpoBoguTcA NO cpesHeMy 3HaNeHHIO CHIBI. CraTuue 
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CKaH SJIeKTPOMAarHHTHAaA XapakTepHCcTHKa TakKxKe CTpOHTca 6e3 yuyeta 
BJIMAHHA 3KpaHa. 

B KOHeYHOM nosOKeHHH AKOPA Ha paOoTe 9NeKTpOMarHHta cCKa- 
SbIBAeTCA MePeMeHHOe BO BPeMeHH 3HadeHHe SJIEKTPOMA@rHHTHOH CHIBI. 
B jaHHoM cjyyae YUMTbIBaeTCA JeHCTBHE 9Kpana. 

IIpu npoexTupoBaHuH SKpaHa YUHTbIBaIOTCA faHHble SeKTpomar- 
HHTa, NOAYYeHHbIe Np MpOBeAeHHH NpesBapuTebHOrO pacueta: 

Qn — KOHeYHOe sHaueHHe NPOTHBOAeCHCTBYIONNHX CHI: 

q —NAomalb nowmoca; 

W-—4HCNIO BHTKOB KaTYyIIKH; 

¢— KOSpPULMeEHT paccefHHA MArHHTHOH CHCTeMbI B KOHeEUHOM T10- 
JOKCHHH AKOPA. 
BuoOop, 3HayeHunii a u B 


Pacuerubie JaHHble id aKpaHa OMpeAeAIOTCA ABYMA OCHOBHBIMH 
COOTHOWICHHAMH: 


—@ (7.44). — 1 (7, 
a= (7-11); 8B 5; (7-12). 


[Ipenenbubie 3HaveHHA a H 8 orpaHHunBaloTca MpakTuyeckumu ycJlo- 
BHAMH, 

B onpezenennott KOHCTPyKUHH YMeHbINeHHe 3SHaYeHHA «@ JOCTH- 
raeTca 34 CueT yMeHbIUeHHSA q,. Tipu stom YBeJIHUHBaeTCA BeIHUHHA 
By WHAyKUHH B H€SKPaHHpOBaHHOH YaCTH MOsmoca, TO IIPHBOAHT K 
PeCSKOMY YBeJIMYEHHIO H. C. KaTYIUKH. 

IIpenenbHoe sHayenue B, upuuumaetca nopaaka 1,6- 10-4, Cne- 
AYeT YUHTbIBATb, YTO IPH MasJIOM 3HaueHHH «a yMeHbIUaeTCA pa3mep 
m (pur. 7,3), yTo co3zaer TPyYAHOCTH Mpv WITamnoBKe. 

B npakTuyeckux ycnopuax a > (0,415 + 0,425). Kak yKasbIBanoch 
BHIUe, YYMTbIBAA TeXHOMOrHYecKHe yCJOBHA, NPHHHMAaIOT 3Ha4eHHe 


METOJIbBI TIPOEKTHPOBAHHS 


B avteparypHbix HCTOUHHKaX MpHBorATcA pasHble MeTObI Tpo- 
€KTHpOBaHHA SkKpaHa. Han6onee pauwonanbuoe pellenne 3ana4qy mo- 
nydaeTcA MPH MeTOMe aHalH3a paOoTbl CHCTeMbI, mMmpesoxKeHHOM 
A. B. Wopsirauem. Toan3yacb stam metogom, I. B. Morunesckuit 
NOMYAH B CBOeH MHCCepTalHOHHOH pa6oTe BecbMa MpocTbie CooTHO- 
IeHHA Ast pacueta. Hye NpHBOAATCA OCHOBHbIe NOJOKeHHA, npH- 
Hatbie T. B. Morunesckum fipx pewennu 3agaun. 

licxoqHoe ypaBHenne 


Qenun = Qi) + Q— VQ? + Q? b 2Q,Q, cos 20. (7-19) 
[Ipamem caegyrome o6o3Hayenna: 
Le 
rye 
oo 
Qep == 2,03 - 108 ? (7-22) 
Ip 


— CpemHee SHaYeHHe CHJIbI NpH OTCyTCTBHH 9KpaHa: 
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Jo= 91 + 92 (7-23) 
t= (1-+4+)’r%. (7-24) 
m=O (tsa) ; (7-25) 


PasnesuB Bce wlenb! ypaBHeHua (7-19) Ha Q., H MpOH3BelA COOT- 
BeTCTBYIOULHe NMpeoOpasoBaHuA, MoOJyuaeM C y4eTOM NPHHATbIX o60- 
3HayecHHl 


f= f (a, B, m, T). (7-26) 


Sanaua pacteTa CBOAHTCA K OTbICKaHHIO 3aBHCHMOCTH M@KIy 3Haue- 
HHSMH @, 8 H 7s, pH KOTOPOH BeAMUHHAa / HMeeT MAKCHMaJIbHOe 3Ha- 
yeHHe. 

[pa rp =0 ura = ~ 3Hanenne f= 0. Takum o6pa30m, HMeeTCA 
ONTUMAIbHad BeWYMHa COMPOTHBJeHHA BKpaka, IPA KOTOPOH NOwy- 
uaetca 3Hay4eHHe f mane. 

Yuutpipas, ITO B 3aBHcHMOcTH (7-26) HMeeTCA OHA MepemenHan 

0 
t, GepeM NMpou3BouHylo ot = 0. 

Peuaad momy4eHHoe ypaBHeHHe, Mouyuaem CJlenyiolle COOTHOLIE- 
HMA Jia pacueta (c yyeTom B = 1): 

cer 


ee (7-21) 


_ “o% ,__4/_/ Gp : 
r= arp V4—P. (7-28) 

Dkpan BbINOJHAeTCA B BHC KOsbIa C HepaBHOMePHbIM ceueHHeM. 
[Ip KOHCTpyHpoBaHHH 3KpPaHa YUYHTbIBAIOT YCAOBMA ero OXJlaKIeCHHA. 
O6vI4NHO aKpaH BbIMOJIHAIOT M3 MaTepHana C OTHOCHTe/IbHO OO bILIHM 
YAe/IbHDIM CONPOTHBJeHHeM — JlaTYHH HIM aJIOMHHHA. 

B wactTv, pacrosoxKeHHOH B Na3sy, MpHHHMaloT MeHBUICe ceqeHHue 
dKpaha C LeIbIO YMeHbINeHHA LWHpHHbI Nasa. B uactTH BHe Mla3a yBe- 
JHUMBAIOT MIOULab KOMbUa, Olaromapa GeMy yBeJINUnBaeTCA NOBEPX- 
HOCTb OXJI@KJeHHA BKpaHa. 

Suagenne mpeBbliuieHHa TeMNepaTypbl © qd dKpaHa [IpHHNMaeTCA 
pasJIW4HbiM. Ec akpaH pacno/oxKeH BOIM3H KaTyWKH, 3HaveHHe 0 
JOKHO ObiTb He Gonpie 70°, ecu yaviéH OT Hee — JOllyckaeTCa 
gHaueHue © nopsgzka 100—120°. 

Merognka MpopeseHHiA pacdeTa NoacuseTcA NPHBOAHMbIM HH2Ke 
lpHMepoM. 


7-6. MIPHMEP PACUETA SKPARHA (ur. 7, 7). 





1 3Bananupe peanHunuan: U,=220 6 w= 4000; so = 1,05; 
g=1,8X1,2=2,16 cH; Q,, = 1,8 x: 


9 Ucnonuenhe nowmioca: yuntbinas a3 WMpHHOl 2 a, Tonyyaem 
Go = 1,6 X 1,2 = 1,92 cm’. 
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3d. SHayvenHne peSyAbTHpPywMero noTOKa Pp: TPH ompezeneHuu 
Q) mun YIHTBIBAeTCA HanpAxenue U = 0,85U,,, np onpegeneHuu notTepb B akpane 


U =U,,. 
_V2-0,85U,, VF -0,85-220 
paw «(1,05 + 314 + 4000 


4,.Cpemnee sHayeHne cyan Mpu oTcyTCTBHH aK pana: 


= 2+ 10-—* 66. 








we (7-22) 
Q Eso ia Ce couse a 
_ io a ae 
a 
e 18 
12 
4 
4, 


Our. 7, 7, Qcku3bl K pacueTy aKpana. 


5. Koapgmuunent f: 


u3 (7-21) 
RQ 
_ Ht MUR ae 1,38 _ 
f= I = aoe 0,47. 
6. Koadgdunuent a: 
us (7-27) 


Dutp) 9047 
t= -———— = 


4p «4 O47 
7, ConpoTuBaenne ak pana: 


, —_, © 09Fo 4f y er 
ro arg pe V4 P= 478 + 10—* om, 
8 Yroad: 
us (7-16) 


0,81; 9, = 0,858; g_ = 1,068. 





toy = 22 _ 314 + 1,25 + 10—8 - 1,062 
oY =F 10 B10 


b == 60° 20’; cos) = 0,495: cos 2) = —0,51. 


= 1,755. 





9, Tlotoku 





u3 (7-17) 
an a ea ae eee 
= Ve (1 +c? + 2ccos t); 
u3 (/+14) 
a 0,81 
° Gos U 9405 = 


P, = 0,87 » 10—* 66; D, = chy = 1,415 « 10-4 66, 
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10. Cuan : : 
1.4152. 10-8 
i ~ 1098 2 —_ 
Qi =a 2,03 10 0.858. 4,75 KT. 
Q, = 1,445 «I 


Q = VO + Q? —2Q:Qs 005 2p = 4,21 KL. 
Quun = 4:75 + 1,445 —4 21 = 1,985 «Kf. 
Mo ycuosmo Tpe6yetcd Q) yun = 1,1 -1,8= 1,98 «fl. 


11. AKTHBHBle NoTepH B akpaHe: 


a3 (7-20) 
w2p* 
r= 2. 0,852 +r, = 1,17 em, 
12. WHRYKHHA B HeaKpAaHHpOBAHHOH WacTH NoMwca: 
Py 1,415-10-* 360 
cael a 0,858 = 1,65 + 10 ae 


rJIABA 8 
MATHHTHbBIE CACTEMbI C NOBOPOTHBIM AKOPEM 


8-1. BOMPOCbI MPOEKTAPOBAHHA CHCTEM NOCTOAHHOLFO TOKA 


Popmbi MarHHTHBIx cvcTem. B npakTHKe MpHMeHAIOTCA pa3HO- 
o6pa3Hble (POpMbl MarHUTHbIX cucTeM, Ha durype 8, 1 npHBefzeub! HaH- 
Gonee pacnpocTpaHeHHble W3 HHX. 

a) CucTrema pee KogoBoro THMa; CepXeuHHK Kpyrsoro CeqeHHA, 
6e3 TOMOCHOH HamcTaBKH. Takoe peliieHHe MpHHATO H3 yCJIOBHA OCy- 
INeCTBICHHA JIErKOH WH ObICTPOM 3aMeHbI KaTYLIKH. 

b) Cucrema peje Kofosoro Tuna, HO c [l-o6pa3HbIM MarHuTonpo- 
BOOM, CepHedHHK Kpyrajoro ceyeHua. Takwe CHCTeMbI MIpHMeHAIOCT B 
3aMeQJIeHHO elictBytoulux peste. Baaroqaps npHHATOH dopMe MarHHToO- 
MpOBOMa yBevIMYHBaeTCA 3HayeHHe NOTOKa B CHCTeMe MpH KOHEYHOM 
NOJOKCHUA AKOPA, YTO MPHBOAMT K yBeJIHYeHHIO BPpeMeHH OTMyCKa 
peuie. 

c) Cucrema TejlepoHHoro pesie mockoro THila, o6lalaroulan BbICO- 
Koll UYBCTBHT@JIbHOCTbIO, TaK KaK B STOM CHCTeMe CHa Ha sAKOpe 
coslaeTcH He TOJbKO NMoTOKOM paOouero 3a30pa, HO H MOTOKOM pac- 
CefHUA Me@KAY CepMeYHHKOM HW AKOPeM. 

d) CucTema, MIpHHATad MIA pa3JIMIHbIX peJie yMpaBAeHHA H TIpo- 
Me>KYTOUHBIX. 

e) Cuctema, NpYHATAA AA SaMeqVJIEHHO MeHCTBYIOWAX pede ympaB- 
jleHua, Oco6OeHHocTbio eé@ ABJIAeTCH OTCYTCTBHe HepaOouero 3a30pa 
MexKLY CepheYHHKOM H APMOM — MarHHTONpOBOA BBINOJHEH UWeJIbHbIM 
u3 »*KesIe3a ApMKO Kp'TrJloro ceyeHHa. 

f) Cucrema, NpHHATAA JIA BbICOKOUYBCTBHTEJIbHBIX H 6bicTposel- 
CTBYIOWWHx peste. MarHHTonpoBog e€ BEINOJIHACTCA LUIMXTOBaHHbIM H3 
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JIMCTOBOTO MaTepHadia C BbICOKHM 3HaYeHHeM MarHHTHOH mponniae- 
MOCTH B CJlaObIX NOJIAX, HanpHMep H3 NepMasion. SKopb sBpaulaerca 
Ha TipH3Me HW yepsKHBaeTCH Ha APMe CNelMabHOH MpyKHHOH. 

g) Cuctema, NpHHATad AA mpomMexkyTOUHbIX pene NOCcTOAHHOrO H 
nmepemMeHHoro Toka. MarHutTonposog UeJIbHbIi, BbILITaMNOBaHHbIi 143 
OJHOH MOJIOCbI KPeCMHHCTOH cTasH. 


@ © 










CUITISLLS) 
NMA 





© @ ® _—, 
/ 8 
WLLL 





ur. 8, 1. Popmpl cucrem mOCcTOMHHOTO TOKa C NOBOPOTHLIM AKOpeM. 


h) CapoenHaa CucTema, NpHHATAaA AIA ObIcTponelicTBytolluXx pee, 
HM@IOWHX KOHTAKTH! OOJIbUIOH pa3pbhIBHOH MOIMHOCTH. 

B npakTHKe NPHMeHAIOTCA H ApyrHe PopMbI CHcTeM, IIpHcr0co6- 
JIGHHBIX K YCJIOBHAM paOoTH! MexaHH3Ma. 


82. HCXOJHBIE QAHHbIE H COOTHOWEHHSA WIA CHCTEM 
NOCTOAHHOrO TOKA 


HcxofHBIMH JIA MpOeKTHpOBaHHA Ma@rHHTHOM CHCTeMbI IpHHUMAaIOT 
WaHHble HCNOJHUTeAbHOM YaCTH pele: KOHTAKTHOM CHCTeMBI, NIpHBOL- 
HOrO M@XaHH3M&a. OTH jaHHble CBOAATCA K ABYM OCHOBHbIM BeJIMUH- 
HaM: Hawa/ibHOw cue Q,, HH MoMeHTy M,, u xony MeXaHH3Ma X, 
HIM yray nopopota 8. Heo6xogumMo ycTaHoBHTb HanOouee BBIrO,HbIe 
yCIOBHA paOoTh! MarHHTHOM CHCTeMBbI, T. €. NOLOOpaTb Takoe sHaye-- 
HHe xXOfa akops 8, np KOTOpoM NowyyaeTcA HanOombliee 3HaueHHe 
yCIOBHOH pa6oTtocnoco6HocTu A (cm. raasy 5). Kak npapuao, B cucrTe- 
MaX MOCTOAHHOPO ToKa 3HayeHHe 8 NpHHHMAICT MeHbile x (cm. cur. 5, 3). 

Jl MpoeKTHpOBaHHA CHCTeMbI NOMb3YIOTCH CHeAYIOUIMMH OCHOB- 
HbIMH COOTHOLI€HHAMH: | 

cuta Q = 4,06 + 10°Big xl (6-5), 7 

H.C. KaTyYWKH F CKaaqEIBaeTCA M3 MagxeHHA MarHuTHOrO M0- 
TeHUHasla B CTatW WH Hepa6ounx 3a30pax F,+F, u B pa6ouem 3a- 
sope fF, | 


F = Fy Pet Fu Pb et Fy (8-1) 
0 
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HanpAKeHHEe 


U = Ir = [wp 2 10-8 (8-2) 


npeBblijeHHe TeMNMepaTypbhl OOMOTKH 


I 
eens @ 67) . 
° oarae ss (2,22) 
roe /, UH Ay B MM, 


Tlomb3yiCb MpHBeeCHHbIMH COOTHOINeCHHAMH, MO?KHO MpoBecTu 
pacueT MArHUTHO! CHCTeMbI TOTOBOM GOpMbI C ONpeseeHHBIMH rada- 
puTaMH. 

IipH npoekTHpoBaHHk Ke CHCTeMbI, KOrfa HET aHHbIX O pa3Me- 
pax ee OTJeJbHbIX YacTeH, HeOOXOAHMO 3aaBaTbCA HCKOTOPbIMH 3Ha- 
YCHHAMM MapaMeTpos, MpwyemM yauvibii BbIGOp sTHX SHAaYeHUH Npes- 
OnpewesHeT 9KOHOMHYHOCTh KOHCTpyKuUHH. Tlostomy BHayasle MpoBo- 
JMTCA MpPeABAPHTCJbHbIN PacueT CHCTeMbI, AAHHbIE KOTOPOCTO YTOUHAIOT 
B OKOHUATeJIbHOM pacueTe. 

B mpegBapuTeJIbHOM pacueTe NPHXOAHTCH 3aaBaTbLcAd CJIEAYIOULHMH 
SHAYCHHAMH TapaMeTpoOB: HHAyKuUMeH B paGOoveM BO3AYLUHOM 3a30pe 

, B, (ipHuHumaetca mo 3HaueHHIO K. cb. (dur. 5,5); KosdcduuneHToM 
paccesHia; magkeHueM MarHHTHOFO MOTeHIHaJa B CTaH u Hepado- 
WHX 3a30pax H Op. 


8-3. TIPEABAPUTEJIbHbIA PACUET CHCTEMbI MOCTOSHHOrO TOKA 


Hcxodnvie Oannole. SalaHHbIMH ABJSOTCA CJIERYIOWNHe AaHHble: 
HalpsaxenHe cetH U,, XapaKTepHCTHKa MPOTHBOJeHCTBYIOIHX CHI 
Q, =f (ds) umu Mn = 9 (8). 

Ha qdurype 8, 2 noka3aHbI 4Ba BHAA XapakTePHCTHK. 

B caydae (a) MpesqBapuTesbHbId pacveT NPOBOANTCA NO 3HadCHHAM 
ny HW Sy, B MOBEPOUHOM pacueTe yTOUHAeTCA 3HayeHHe Q, AA TO- 
yek 2 Hn 3. 

B esyuae (ph) pacuer mo TouKe / MpHBed Obl K HeBePHbIM pe3yJIb- 
TaTaM, HOOB TOUKe 2 cHNa Qoo NOMyyaeTCA MeHbIUNe Qn. Tlostomy B AaH- 
HOM CJlyuae pacuerT npoBoguTca no TouKe 2: Qng, 6,. Hogo6pap Han- 
Gosee NOAXOAAULME AIA MarHHTHOi cucTeMbl 3HadeHHA Qoyx H 44 
(cm. raapy 5), NevecTpaHBaloT MexXaHHyeCKy!O XapaKkTepHCTHKy C TEM, 
UTOObI Ha OCH AGCLLHCC ObIJI OTMOKeHbI 3HAYCHHA Oy. 

Jluamemp nomocnoeo HaxonexnuKka, ¥YCTANOBHB 3HaYCHHe KOHCTPyk- 
VQ, 
8 
(purype 5,5, Beanyuny uHayKunn B,—B pa6ouem sa3zope. M3 dop- 
Mysbr Q = 4,06 . 10* Big onpefeAioT 3HaueHHe g H WHaMeT; MOVIOC- 

HOTO HaKOHCYHHKA. 

Jluamemp cepdcuntuka. SafaioTca 3HayeHHeM o — KOappHneHnta 

paccedHua vu BesiuHnoh B, wNAYKUMH B cTanH. SHayenve B, Mp: 





THBHOTO (bakTopa onpegxeisior no KpHBoll, H300paxKeHHon Ha 
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6 


NUMalor NopsyKa (1,2 1,4) 10-*- 
M2 


AIA MOULHbDIX MArHHTHbIX cH- 


. 4 86 3 
cTeM M NopxyKa (0,4 +- 0,7) 10 vars AA PeJIeHHbIX CHCTeM. 
Tiorok y ocHoBaHusa cepzeunnka 


P= oP, = 0B; 
B 
Ie = eet . (8-3) 


c 


[lonyyeHHoe sHauenne g, oTHOCuTCA K CepHeuHHKy H K ApMy, Ceue- 
HH€ AKOPA MOKeT ObITb B3ATO HECKOJIbKO MeHDIIIHM. 


ay @ @ 
Q; 


Qs = Qria 


dS 
Dn 4 Sn 


Our. 8, 2. Tarosple xapaxTepucTuKu SAEKTPOMArHUTOB, 





H. c. Kamyuxu. F, = ai 
[ 


Sanawrca BennunHol F, + F,, = oF 
0,15 +-0,35, cm. 5-6). + (2 MpHuuMaetca nopagka 
Torga 


Fa Fo tof =—Sr_ 
ea iia Traian 


(8-4) 


l 
Pa3mepol Kamywxku. 3aqaiorca 3Ha4eHHem kb = 5. — OTHOMeHHeM 
RK 


ANMHbI KaTYIWKH K TOJUIMHE HaMOTKH, KOS(ppuILHeHTOM 3anoHeHHun 
KaTyuKH f, (MpH6au3HTeMbHO 0,5) x Ronyckaemow TemnepaTyport 
MpeBbivieHHA (cM. ruaBy 2). Tlogcrapaaa p ypaBHeHHe (2-21) 


‘a 
lw= 0,85 > P — COOTBeTCTBylollee TeMNepatype $+ 8, npuHaToe 3Ha- 


ueHHe fx, KOXppUUHeEHT TennooTZayH » (CM. ruiaBy 2), samMeHuB 
x =A,k, NonyuawT ug (2,22) 


3 aT Feo eae 
pr 
a V a 0,852pf 622 ° (8-5) 


IIpu mposenenun pacueta caenyer MIpHHATb BO BHHMAHHe TO, 4TO 
HampaAxKenHe U, nompeaeHHoe K KaTYLIKe, MOKeT H3MeHATHCA B TIpO- 
Hecce 9KClyaTauHH B Mpegenax oT 0,85U, no U,. Ilostomy mp 
BBIMHCCHHH CHJIbl yuHTbiBaioT U = 0,85U,,, a np BbrncaeHHu TeM- 
nepatyPbl OpeBbleHHA yUHTbIBaloT NonHOe U,. Takum o6pa3om, 3Ha- 
ueHHe F u3 (8-4) oTHOCHTCA K cayyaio U = 0,85U,,. 
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Tluamemp npoeoAoku. 
V3 spipaxkenna (8-2) cuefzyer: 


l - 10-3 
2 ti (8-6) 


Ga 
Znech gu — NAOWalb CedeHHA NPOBOJOKH B MM? ; 
lop —CPCAHAA AMHHa BHTKa B MM, KOTOpad MO2KeT Ob!Pb BBI- 
yucNeHa NO pasMepaM CepAeyuHHKa HM KaTYLiKH. 


49 
Jluametp rovioli npoponoKu d= ) &. TlomyueHHoe 3HauveHHe MO- 


xKCT H@ COOTBETCTBOBATb IWKasie HOPMAJIbHbIX AHaMeTPOB HO OCT. 
B Takux cayyaax MpHHuMaloT OaHxKaluee SHayeHHe M0 HiKauJe 
(cM. rulaBy 2). 


8-4, MOBEPOUHbIA PACUET CHCTEMBI NOCcTOAHHOrO TOKA 


B nopepowHoM pacyeTe BbIACHAIOT MpaBHJIbHOCTh NPHHATHIX B 
TIpeMBapHTeJIbHOM pacueTe JaHHbIX, YTOWHAIOT 3aaHHble COOTHOLIeHHA, 
OMpeseMAIOT ONTUMAabHOe 3HaYeHHe penvunHb! B,. [lpn HecooTBeT- 
CTBHM MOJYYeHHbIX pesyJbTaTOB C SaMaHHBIMH H ONTHMAJIbHbIMH Mpo- 
BOAT HOBbIM BapHaHT pacdeTa C H3MeHEHHBIMH napameTpamMu. 

Kamywxa. Wpwnumatot no yCuOBHAM 9KCyaTalHn HW MpOH3- 
BOACTBa KOHCTPYKTHBHY!O opMy KaTYWKH — KapKacHylo HJ 6ec- 
KapkacHyto, H MaTepHadl H30AAUMH MPOBOJIOKH. 

OnpegeastoT 10 H300AUHH KaTYLIKH pa3MepbI HaMOTKH ly, W An, 
YTOWHAIOT 3HadeHHA KOSPPHUHeHTa 3aNOJHeEHHA, CpeAHero 3HaqeHHA 
BHTKa. 


Uncno BHTKOB KaTYLIKH : 
4h 


W= fu =H . (8-7) 





U 
H. c. F = — w; 3navenne r onpezeaaior C yueTom p (ropsuee). 


Temnepamypa npesoiuuenua YTOUHAeTCA MO NOJYTCHHBIM YTOUHCH: 
HbIM JaHHbIM KaTywkKH (cM. 2-21). Ecsm Temnepatypa MpeBbILeHHA 
noglyyaeTca BbILUe AONyCTHMON, HEOOXOAHMO NepecduTaTh KaTyuiky C 
6nw>KaliwiIdM MO UiKayle MCHbLUIHM LHaMeTPOM MPOBOJIOKH. 

[]pogodumocmb 6030YyUuHbIX 3A30P06. BpluncaatoT rmpOBOAHMOCTH: 
G, — pa6ouero MoToKa, G, — Kpaeporo, Gy — Hepa6ounx, Gyn — Mpo- 
BeJIeHHOrO 3HAYCHHA MOTOKA YTeYKH. 

BpigucaAaioT 3HaueHve KOS*ipHUKeHTa pacceAHHA 


G,+G,+G, 


o= 1 + Gyn 7 ga. 68) 


Tlocmpoenue Kpueoli HaMaeNUdeEHUA. Crpontes kpupad F=f (F.+F x) 
WIA HaYanbHOrO HoOOoweHHA AKOPA (Hr. 3,26), Ha ocH a6cuHcc 
OTKJlasbipaeTca 3HayeHHe Ff, COOTBeTCTBYIOIlee 0,85/w, roe lw —H. C., 


158 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


COOTBETCTBYVIOINaA NOJIHOMY HalipAKeHHIO CTH, B TOUKe @ HPOBOANTCA 
NpAMawA NOW yrviom a, SHavenue a ONpeeJIAeTCA U3 YCJIOBHA 
Gor Ge 


tga = 


rae p— kosppuuKexT, mpexcTaBasiom“ coboli ornomenve MaciliTa- 
Gop @ u F. | 

TionyyenHoe 43 qMarpamMbl 3HayeHve fF, yUHTbIBaercA Tp BEI- 
MHCJICHHH CHIBI NO yYTOUHEHHOH dopmysie 


Q.=5,1F, 2, (6-13) 


Ecmu nonyqenHoe sHayenve Q, 6onbule HH MeHbIWe Tpe6yemoro, 
NPOHSBOAAT H3MeCHEHUA B KOHCTPYKUHH MarHHTHOH CHCTeMbI. 

B nepsyto ouepenb NpOBEPAIOT, NOJYYeHbI WH ONTHMaJbHe 2aH- 
HbI€ CHCTeMbI (cM. naparpad 5-7) wu ana toro uro6p NOAYWHTb AX, 
MCHAIOT AHAMeTP NOMOCHOrTO HaKOHeyHHkKa. 

Hocmpoenue mazoeott xapaxmepucmuku. Hocne Toro Kak Rody- 
TCHbI OKOHYATEJIbHbIe JaHHble pacueTa, HeEOOxOUMO NOCTPOHTb Taro- 
Bylo XapakTepuctuky Q,=/(3). Buiyncasiot sHagenve Q, aan He- 
CKOJbKHX (Tpex, YeTbLIPex) ToueK xoga AKOPA, AMA Yero CTpOAT 
COOTBETCTBYIOINMe KPHBblIe HaMarHHynBauna. Jag KaxK Oro BoOAOKe- 


HHA AKOPA BbauCAAIOT o, F, u S. 


8-5. TIPHMEP PACYETA CHCTEMbI NOCT OAHHOrFO TOKA 


Tpe6yerca paspa6otarp CHCTeMy JIA CNeAyIOWHxX ycnoBHn: 

HavaibHblt Moment M = 2 «I -cm; 

yrom nopopota aAkopa a = 9°: 

HOMHHaJibHOe HanpsAxeHhe U, = 110 ponpt. Dro HallpsKenve B 
NPOWecce SKCyaTalMW MOKeT CHHKaTECA ZO U = 0,85U,,. 

a) Mpeasaputeabneii pacuet. B NpeABapHTe/IbHOM pacyeTe HeO6bx0- 
AMMO 3alaTbCA HeEKOTOpbIMH BeAHYMHAaMH: 

B, — wuayKuneh B pa6ouem BO3AYLIHOM 3a30pe; 

B, — wuazyxuveii B cTanu; 

Fo + Fyx—notepei mM. a. c. B cTalM H HepaOoqux s3a30pax npu 

OTNYIWGHHOM AKope; 


k = 5" — oTHOWIeHHeM AJMHBI KaTyUIKH K TOJUIMHe HaMOTKR. 
® 


Bee 5TH BeJIM4HHbI 3aBHCAT OT CHA Qon H Xona AKOpA 8,, OTHE- 
CCHHBIM K CpefHeMy paauycy R, (pur. 8, 3). 

[Ip 3aqaHHom momeute M,,,, NPHHHMas pa3sH4Hble sHayeRHA 8,,, 
MOKHO NOJYYKTh pasNH4Hble 3HayeHua Ro uw, TaKHM oOpa3som, RoJO- 
OpaTb HaHOolee BbIrogHoe cooTHOUWeHHe mMexkiy Q u 8, coorBetctT- 
BylOulee JY4WHM NOKasaTesaM paOoTocnoco6HocTH CHcTeMbI kAanan- 
Horo THMa (cM. faparpad 5-4). 

IIpumem 8, = 0,4 cm. 

Tak Kak sa30p 8 = R,- a: Qon* R, = Moy, TO 
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Moy Mon @ 2-9 
Qu = p= 3 = sya od = 178 KF. 

Tipu TaxoM COOTHOUICHHH Qox H by SaaloTCA SHATCHHEM B,=0,16- 10. 
1. Tlomp3yscb cpopmysioh Q = 
= 4,06-108 Big onpeneasem mo- 
BEPXHOCTb Qny—— NOMOCHOrO Ha- 

KOHEUHHKA: 
0,78 


= — 2 
Inn = FOG. 0,168 = 158 ca 


IIpunumaem) dn, = 3,0 cm, 
TOPAA Gnu = 7,06 cm’. 

BeneicTBHe YMeHbUIeHHA 3Ha- 
YeHHA gn» ¢ 7,6 BO 7,06 yBe- 
jiuyuBaetca HHAyKuMA «6B, 20 

ce Q,1665 - 1074. 
& 2. Jlaa onpegeseHua ceqeHHA 
ur. 8, 3. Qcku3 MarHHTHOM cucTemp. CEePAedHHKa 3anaeMCA 3HaveHHeM 
B, = 1,1 - 10-*; marepHaa — Cwla- 
GoyrnepomucTad cTaMb; KOopPHUHeHT pacceAHHA CHCTEMBI a= 2, 
[lnoujaib ceyeHHA CepseqHHka 


Banu? % — (0,1665 + 10—* - 7,06 + 2 
co eee 6 ea a ee Se 2 
IIpyaumaem d= 1,/ cm; Torqa g,= 2,26 cm?. 


Sipmo-cko6y, a TakK2Ke AKOPb HCHOJHAeM H3 NoMOCOBOrO MaTepHaxa 
5 & 40 aM. 





G2 2,0CK. 


3. [Ina onpemenenua H. C. CHCTeMbI 3aaeMcA TakeHHemM MarHiT~ 
HOrO HOTeHUMala B CTaHd MH HepadounxX 3a30pax B pa3OMKHYTOM 
cucteme. YuuTbiBad, YTO B RAHHOH KOHCTPyKUMH HMeeTCA TPH Hepa- 
6ouHX 3a30Pa, MPHHHMaeM HECKOJIbKO NOBbILICHHOe S3HAaNeHHe HOTepb 


FoF, = 0,3F, 


° oe * 4 
Baw 0,1665 + 0,4 -10—* ae, 


i yo(i—a) 1,25-0,7+ 10-* 


[lpn BHIUMCIeCHHH MOMCHTOB Ha AKOpe Y4HTBIBAIOT H. C., MOAY- 
yalOllHecA TPH TOHH?KeHHOM HallpsxKeHnH U =0,85U,,. QITomy Ha- 
NpAxKkeHHIo OykeT COOTBETCTBOBATH H. C. F.. 

Ilpu BbIoHCleHHH MpeBbILueHHA TeMNepaTypbl YYHTbIBAIOT F, coor. 
BETCTBYIOMLYIO MOJIHOMy HanpsKeHHIO 


Fy 760 


== 895. 


4. PasMepbl KATYLIKH HaXOMHM Tak: MpHHAMaem MaTepHadl HaMOT- 
KH —~Medb C 9MaJieBOl H30/NuMeH, NpeBbilueHve TeMnepary pbl 0=60°, 
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KaTyluKa OaHaKupoBaHHan, Kosdbpunneut TENNOOTAAWH MO ukane A 


(Ta6. 8). 
p = 11,92 - 10-4, 
OTHOWeHHe IMEI KaTYWKH K e@ BbICOTe 
le 


eo ee 
93,30 - 10-8 - 8952 
Ny = V = 60> 11,02> 10-4. 0,48. 30 = 932 um. 
IIpunHumaem fh, = 10 wm. 
5, Ha OCHOBAHHH NOJTY4CHHBIX AAHHbIX HCNOMHACTCA SCKH3 Mar- 


HHTHOH CucTemp! (dur. 8, 3). 
B jaHHoH KOHCTpyKuHH BernduHa R, SS 2,6 


6) Nosepounnii pacuer. 1. [posogumocra sosayuinpix 3a30POB 
BBIYHCJISIOTCA OObIYHO AIA TpeX MOMOMeHHH AKOPA: Havas bHOrO, 
MPOMe*KYTOYHOrO WH KOHCYHOrO — IIpH NpHTAHYTOM sAKOpe. 

Iipv BbruncaeHHH MpoBogxuMoctTell pa6ouero 3a30pa TIpH NpuTany- 
TOM sAkKope (0°) BemwuHHa & yuHTbIBAeTCA Kak CYMMa: BeJIM4HHbI MH- 
HUMaJIbHOrO BO3MOXKHOrTO 3a30pa 0,05 mm uu TOMLHHb! WHHKOBOFO 
NOKPbITHA Ha MOJIOCHOM HaKOHe4HHKe WH saKope 0,03 mm (cuuTaa no 
15 MuKpoH Ha CTOPOHY). 

Takad 2ke BenMUHHa 3a30Pa YUNTbIBaeTCA MIpH BbIUNCHeHUH mipo- 
BOMMMOCTeH HepaOounx 3a30pOB — B CTbIKaX M@XKAY NOJIOCHbIM HaKko- 
H€YHHKOM H CepedHHKOM, M@*KAY CepAeCYHHKOM H Apmom. Jina apyrux 
NOWOKeHHH AKOPA OTACMbHO BIYHCAAeEM MpOBOAMMOCTH padouero 
3a30pa: G, — padouyto u G, — KpaeByno. 

2. KosppuuveHTbl pacceaHua onpegesaioTca mo MIpOBOAHMOCTAM. 
Tomb Kosppunvert pacceauna 
Gp +r Gx — Gyn 


Pp 
Koappuuvent pacceruun paGouero 3a30pa 


aise Gp + Gr 

Gp ~ 
Hywoxe mpupefena caoqnaa Ta6nnia aHHblx IIPOBOZHMOCTeH HW KO3(p- 
@HUHeEHTOB paccexHHA, OGo3HayeHHA COOTBETCTBYIOT OO03Ha4eCHHAM 


o=— 


Ox 


(buryppr 8, 3. 
o 
ae 
D 
Sx | 10°G, | 10°G, |10°G,,) 108G,, | 108G,,| 10°G,,] om 
$8 
Ck 
a a ee 
9° 22,06 11,35 353 1000 112 12 2,06 1,51 
3° 66,18 15,2 353 1000 206 12 1,41 l,2o 
0° 1100 303 1000 385 12 
11 ®. A. Cryneap 161 
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3. Jlna vlocTpoenua KpvBOM HaMarHHuMBaHHA (AIA HadaIbHOrO 
NOsIOKeHHA AKOPA) 3afaemca 3HayeHHAMH paOouero NloTOKa P,: 


1- 10-4, 1,5-1074, 1,7-10~* BeGep. 


Meronuka nogcueta F,-+ Fy, npuBefeHa B raape 3, 
CrpowM KpHByO HaMarHHynBanna DP, =f (/). 
Ornowenve Macuita6on ® u.F paBHo 20- 1078; 


tga a OP = eS = 49°. 
p 


Tlomy4aem 


b= 1,16 - 10-466; Qoy = SI DI. 0,735 a. 


7,06 
HeckouIpKo CHW>KeHHOe No cpaBHennto c pacueTHEmM (0,78 K/) 3HadeHHe 
CMsIbI NOJy4HOCcb H3-3a NoBbiweHHorO 3HaueHHa F, + Fy. 


Ilpopepka ONTHMaJIbHOCTH NIPHHATOFO 3HayeHHA MHAYKUAH B,, 11po- 
W3BOANTCA TO KpHBOM HaMafHvuMBaHuA (CM. raaBy 9). 


Toman TpeyrombHuka ab,cy = sR == 2850; 
» » AabsCo = 3070; 
» >» adsl | == 3000. 
OntuMasbHble yCsOBHA COOTBETCTBYIOT NOTOKy P, = 1,28 - 10~* 66, 
KOTOpbIi MosyyaeTcA MpU yrule ag = 52°; tg 52° = 1,28: 
G, = 1,28 - 20 - 10~* = 25,610~* 66/ae. 
STOMy YCAOBHIO COOTBETCTBYeT MOJIOCHBIM HAKOHCYHHK AMaMeTPOM 


32 MM. 
TakHM 06pa30M, HafO IIPHHATb 


day = 382 MMS Gnu = 8,04 cm?. 
IIpu sToM ycJIOBHH CHa Ha AkKope 


2 8 
Qin = IE 4,06 + 108 = 0,825 KP. 
Tlonyyaetca HeKOTOpbI 3anac B Cue, OMaromapaA YeMy BO3MOKHO 
CHH3HTb BeJIHUHHY H. C. CHCTeMBI. 

4. OnpeneneHve 4Ca BATKOB H JMaMeTpa MpOBOJOKH KaTYyIUKH. 
Pasmepb! KaTyuiku: Dy = 38 um; De = 18 um; ls = 60 mau. Cpeqnaa 
JWIMHa BHTKAa 


Lp = Et) = 88 um. 


Ceyenve gy M@XH HaMOTKH OMpefeJifeM 43 ypaBHeHHA HalipHKeHHA 
| ; ¥ | 
U,=Ir=p-Tlo- 10-3; 


olop 1w10—-8 __ 23,39 - 10—* - 88 - 10° - 895 


qn = Ux 110 — = 16,7 - 107? um’. 
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Han6onee Onuskni quamerp nposonoKy 
d=0,15 mm; gy =17,6- 1073 MM? , 
d, NpoBosloky c H30nAuHel; paso 0,17 um. 
Koogipuuvent sanonHeHua HamorKy Pe 


Ging 17,6 - 10--3 
fn = hy Fa ey = 9 a7 oop = 0,463. | 
SalaBadch pasMepamu H30AANHW KaTYWKH, Nosyyaem PasMepbI HaMOTKH 
lL, = 56 um,. h, = 8 ua. 
Torga 


big? @ 56,8 





w=h 


L.,° 10-8 
r=p—?—__ w = 1370 om: 


F = 0,08 - 11800 = 950 ae. 
Ilorepw B KatTyuiKe 


U 1103 
P= af a 1370 = 8,8 em 
o. Jia nomyyenna zanHpx Q, = f (8) tpe6yerca nocrpoutp KpHBBIe ’ 


HaMarHhukBanHs Aa mpoMexkyToyHoro HW KOHeYHOrO NOJOMKeHHH AKOPA. 

6. Jina seuncnenna KOSq<pHUHEHTa BO3BpaTa CTPOAT KPHBy!0 pa3- 
MarHHYHBaHHA HW ONpexeawrT H. C. OTNYCKa (MeTOJ BbIUHCACHHA Ko- 
SPPHUMeHTa BOSBpaTa cM. B riaBe 5). . 


8-6. BONPOCbI IIPOEKTHPOBAHHSA CHCTEM NIEPEMEHHOrO -TOKA 


Popmbl MarHHTHBIX cuctem. Huxe PacCMaTpHBalwTcA HaHGoulee 
PacnpocTpaHeHHble CHCTeMbl C NOBOPOTHBIM AKOpeM. | 
1) Dur. 8, 4a. O6nry- 
Had (opma, npumeusie- @ 
Maa JWJIA HMCNOHeEHHA 
PaSHbiX pene ynpaBue- 
HuA. Marnutonposoy 
IWHXTOBaHHbIM H3 JIH-. 
CTOB 9JIeKTpoTexHH4e- 
CKOH cTaJiH, OCb Bpa- 
De¢HHA AKOPA pacno- 
JlaraeTcA NPOTHB ApMa, 
9KpaH—Ha Cepyequuke, 
2) nr. 81g. ur. 8, 4. Dopmel cucrem nepemennoro toKa 
@MopmMa = HcnoHenua C MOBOpOTHBIM AKOpem. 
AA NpOMexkyTOUHblx 
pewe C KOHTAKTaMH MatOH pa3pbiBHO MomHocTH. Oco6eHHOCTh cH- 
CTEMbI B TOM, 4TO OHA BbINOMHeHAa H3 JIMCTOBOL KP@€MHHCTOH cTany 
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“a 


° um. Takat 2Ke opMa MpuMenseTcH HW MWA CHCTeEM NOCTOAHHOTO 
TOKa, B 3TOM CJyyae SKpaH yaiAeTcH. 


3) bur. 8,4 b—crictema ¢ []-o6pa3HbIM AKOpeM H APMOM. Ipu- 
MeHHeTCA JIA HCMOWHEHUA pele yipaBseHHa H KOHTAKTOPOB nepe- 
MeHHOFO TOK. 


4) Jlna MHOroaMilepHbIX KOHTAKTOPOB llepeMeHHoro TOKa MNpHMe- 
ugeTcs cucTemMa Cc E-o6pa3HbIM AKOPeM H APMOM. 


Bonpocb! WcnOJIHeHHA MarHHTHbIX CHCTEM. 1) Cevenne Mar- 
HuTonpoBosa. Ilo ycoBHaM paOoTbl KaTyWIKH MarHuTONpOBOA 
myame BCeTO BbINOJHATb C KBapaTHbIM ceyeHHemM. Ognako 4acTO 
NIpeANOuHTaloT BewaTb erO MPAMOYrOJIbHBIM, Tak Kak TIpH TaKOM 
UCHOJIHCHHH SIKOpb B MPATHHYTOM COCTOAHHH o6uanaeT Odsbilet 
YCTOHYHBOCTDIO B OTHOLLIEHHH BHOpauull MpH BOSHMKAIONAX B KOH- 
CTPYKUMH GOOKOBbIX COCTAB/AIONIUX MOMEHTOB py Kk. 


2) 3a3o0phl. Bo u36exKaHHe gaviMNaHHA AKOPA HeOOXOMHMO 
BLITIOJHUTb MarHUTHy!O CHCTemy Tak, YTOOb! NpH MpUTAHYTOM AKOpe 
ocrapaslucb Hepa6ouve BosfyulNble 3a30pbl NOpAAKa 0,2 —0,5 MM: 
B CHCTeMe, H300DaxKeHHOH Ha (purype 8,4a, 9TOT 3a30P npeycMa- 
TpupaeTcs y OCHOBaHHA AKOPA, B CHCTEME, npHBeseHHOH Ha pHrype 
8, lg—y KOHLa AKOPA — 3a30P 3, p E-o6pa3noli cucreme — B cpeqHen 
yacTH akops. B MecTe CONPHKOCHOBeEHHA AKOPA C 9K paHHpOBaHHbIM 
omtocoM 3a30p AOsPKeH ObITb AOBeAeH LO MHHHMyMa, AVIA vero mecTa 
CONPHKOCHOBEHHA OTUWIHPOBbIBAIOT. 


Vcxogupie jannpie. VicxoxHbimu SABAAIOTCA CueAYIOUMe JLaHHbIe: 
paGouee HaNMpsrKeHHey, HadaIbHoe SHANenHe CHJIbl HJIH MOMeHTA, Ha- 
UAJIbHbI XO1 AKOPA HAH yro/l NOBOPOTa. Heo6xoqvMO Y4UHTbIBATb, 
UTO MaKCHMeduHOe 3HaveHHe yCJIOBHOH pa6oTOcnocoOHOcTH A B CH- 
cremax MepemeHHoro TOKa ModyuaeTcA Np 6ONbIUHX BHAYCHHAX XOMa 
sKOpA, WeM y CHCTeEM HOCTOAHHOPO TOKA. PekoMeHAyeTCA BbINOJHATH 
CBA3b M@XKAY MIEKTPOMArHHTOM HW MCNOJHHTCAID ABM MeX@HH3MOM Tak, 
yTO6b! yrom MoBopoTa AKOPA MO/YuHCs MAKCHM@JIbHO BO3MO2KHbIM 


(cur. 95, 3). 


Xog pacueta. 1) Crpontca QuarpaMMa MeXa@HHueCKHX CHI 
Q,=/(6) ua Mn=¢ (6). 


2) TlonyyenHas WMarpaMMa Nepectpalpacicn 10 OTHOLICHHIO K CH- 
aM HOW MOMeHTaM Ha AKOpe: NosywaloT AMarpaMMy, llpHBeAeHHyt0 
K SKODIO. 


3) TlpopomaT mpeABapHTeJIbHbIe PacdeTbl CHCTEMDI HW yCTaHaBJn- 
BaIOT OCHOBHbI€c pa3Mepbl ee. 


4) Hipososat OKOHUATeMbHbI pacueT AA YTOUHCHHA WaHHbIX MpeA- 
BapuTesibHoro. EcsiM nosyuatorca Hey MOBJIETBOPHTeJIbHbIe Pes yAbTATHl, 
NepecuuvTbiBalioT CHCTeMy, 34AaBLIMCb ApyruMuH 3HavYeHHAMH Mapa- 
MeETPOB. 


164 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 
\ 


8-7. OCHOBHbIE COOTHOWEHHA IA NPEXBAPHTEJIbHOTO 
PACYETA 


Ypasnenne cual. B npezBapHTedbHbIxX pacueTax ymoOuee MoJib- 
gopaTpca dopmysion Maxcpesna (6-8) 


Q, = 2,03 - 10°Big,, 


rye B,—aMnsavTyAHoe sHaveHHe HHAYKIMH B paSovel WacTH BO3- 
“lyuIHOrO 3a30pa; | 
Jp—ceyeHHe pa6ouel YacTH 3a30pa, cm, 


OntuManbuoe sHavennue B, Kone6netca B Oonpuiax mpenenax. JA 
OpveHTHpoBKH B BbIGope B, MOXHO NOsL3OBaTbCA KPHBbIMH, H300pa- 
}KeHHBIMH Ha (burype 5,5, HO MpH 3TOM CueAyeT YYHTbIBAaTb, TO Be- 
quMuMHa K. cb. QOuKHA ONpesenATbCA JNA CHCTeM NMepeMeHHOrO TOKa 


“3 yCJIOBHA ed B cucTeme, ipHBefeHHok Ha cdburype 8,4a HuMeeTca 
onuH pabounh sa3s0p HM CHa OnpeseAeTCA BeMYMHOH MarHHTHOrO 
nmoToKa B 3TOM 3a30pe. Cua B HepaOoyeM 3a30pe He YUNTbIBaeTCH. 
B ppyrux, Goslee COXKHBIX M@rHHTHbIX CHCTeMaX, HalpHMep Ui- 
uv E-o6pa3Hbix, HMeeTCA Ba WIM TpH pabounx sa3z0pa HM CHa ONpe- 
WeseTCA BeEMMYMHOH NOTOKA BO BCeX STHX 3a30pax. 

_B 3rux cayyaix Tak»xke NpwMeHHMa qdopmysia (6-8), rye sHaue- 
Hud B, H dp OTHOCAT K OMHOMY 3a30Py. Tak, B I]-o6pa3Holi cucTeme 
C ‘OCbIO BpallieHHA BHE NosIoca Mp 34aHHOM MOMEHTE MO?KHO OMIpe- 


JlenuTb ceqyiouuM o6pa30M npuBegenHoe sHauenve Q (dur. 8, 46): 
M= Qi e QoL. 


[IpHHHMad OAHHAKOBBIMH CeYeHHA CTaIM MOJNOCOB WH He YUMTbIBAA 


MOTOKOB PpaCCetHHA, MOXKHO CYHTATb Q, = Q, = 2,03 - 108B:q. Torga 
IpHBegeHHOe SHaueHHe Q: 
M 
sag 


B Ill-o6pasnom cucteme (dur. 8,1g) He yUHTHIBaIOoT B PpasOMKHYTOM 
MOJIOMKeCHHH AKOPA CHTy y Mowuoca 2. 

Koodpuunent paccesuus. B npexBapvitesbHOM pacueTe Heo6xo- 
JMO 3a4aBaTbCA 3HAaYeHHeM KOSPPHIMeHTa pacceAHWA 5, NpHyeM 
KpaeBble MOTOKH paGouero 3a30pa TaK%Ke OTHOCAT K MOTOKAaM pac- 
ceaHua. 3HaueHve co KONe6uleTCA B Mpememax 1,5-+-3, MeHbllee 3Ha- 
yeHHe TomyyaeTca B CHCTeMaX C MaJIbIM yIJIOM NOBOpOoTa sKOpA, 
6dmbulee —C 6ObLIHM yrsoM ToBopota (nopayKa 12—15°). 


. l 
Ornowenne k = rs IIPHHHMaeTCA B 3ABHCHMOCTH OT BeJIMUHHBEI K. @.: 


6éubweMy 3HaueHHIO K. (ph. COOTBETCTBYeT MCHbIUAA BeM4Ha OTHO- 
WeHHA. : 
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8-8. IIPEXBAPHTEJIDHbIA PACUET CHCTEMbI MEPEMEHHOPO TOKA 


Cxema pacueta. a) Sagzanupie BenuyuHn: U,, HavambHoe 3Haue- 
HHE MOMEHTa NMpOTHBOAeHCTBYIOMHX CHI Mny, Oy. 
6) [lia npeABaputenbHoro pacueta Heo6xoxuMo OMpeAeNUTbh 3Ha- 


yeHve cub Q,, = ae 





(pur. 8,4a). Benuunua R, onpeyennetca v3 
c 


KOHCTPYKTHBHBIX cooOpaxKeHui. YuvTbipad, 4TO B cHcTemax mepe- 
MEHHOrO TOKa yCOBHaA padorocnoco6HocTh A = QS nonyuaetca 66Mb- 
WeH MPH OTHOCHTeJIbHO OOJIbUIMX 3a30pax, BbIrOqHee YBeJIMUHBaTb 

6=.6 u ymenpuath Q,,,. [panumaior 





@ | R, = (1,2 — 1,5) R, (ar. 5, 3). 
HueM B,, BbIYHCIAIOT g u3 (6-8): 


(i) B) []nomanb ceyenns pa6ouelt yacru 
Qo 
g 


tq BO3TyWHoro sa30pa. SanaBuucb 3Haue- 
@ur. 8, 5. Pasmemenue axpana. 2,08 - 10°B,,° 





IlogmHoe ceyeHHe g, CepleuHHKa NosyyaeTcH HeCKObKO MeHbIIUM. 
C yuetom k, Kooxppuuventa sanomHenna nakera (nopsgka 0,9—0,95) 


Go = Rug KG. CM. 


r) Iforok B cucTeme. Yuntbipaetca nowHOe 3HayeHHe noTOKa, AIA 
wero 3afaloTCA o— KOS*PPHUHEHTOM pacceaAHHA. 


@D=6 kg B, Be6ep. 
n) Uvcno BuTKoB KaTywKH. TIpHHumaror, yTo npu pa30MKHYyTOM 


akope £ & (0,97 +-0,98)U; ganee yuutpiBaioT, 4TO Tpe6yemoe 3Ha- 
WeHHe CHJIbl Ha AKOpPe OJKHO HMeTb MECTO IPH NOHM2KeHHOM Hanpa- 


*KEHHH 
U =0,85U,,. 
Tlonyuaem 
E = 0,98 - 0,85U,, = 22%. 
V2°— 
oo) az 0:98 + 0,85 V2Un 


wP ; 


e) PasMepb! cepfeunuka B Tulane. I]nomagb ceyenua cepzeunuka 
q=ab. B siekrpomarnutTax HeO6ONbilOl MOMHOCTH CTpeMATCA K KBal- 
paTHOMy Ceu4eHHIO, OularowapH ueMy YMeHbIaeTCH cpenHAA AHHa 
BUTKa. QKpaH pasmemlaeTcA CoracHo H306paxKeHHW Ha curypax 8, 5a 
H 8,5. B MomHbix 9leKTpOMarHHTaXx, B WeAX OombWei ycroiunBoctu 
AKOPA MPH MPHTAHYTOM ero NOWOKeHHH, NpuHHMalor b> a. 

*) Katywika. B anextpoMarHuTax nepemeHHoro TOKa MpHMeHa- 
IOTCH KapKaCHbl€ KaTYLIKH, MPH TAKEMbIX YCOBHAX paboTb! (NOBTOPHO- 
KPaTKOBPeMeHHbIN pedKHM, yCJIOBHA Cpefbl) IpHMeHsIoT OecKapKacHble 
KaTylKH. Pa3mep A kaTyUkKu OnpesemeTCA H3 CeMYIOUHX yCuIOBUH: 
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MIpHHHMad CeyeHHe ApMa paBHbIM CeyeHHIO CepyeyHHKa, NoNyyaior 
c= R;— 2a (pur. 8, 4), nanee, yauTbiBad HeOOxo_HMOCTh CBO6OAHOK 
NOCaqKH KaTYyLUKH, pasMep A MpHHHMalOT HECKOJIbKO MeHbILIMM pa3- 
Mepa c (Ha 0,2—0,3 cx). V0 
B 3aBHCHMOCTH OT SHa4eHHA K. cd). = = 
d, [Rp 
8-9. TOBEPOUHbIA PACYET CHCTEMb! MEPEMEHHOrO TOKA 


NPHHHMAaICT OTHOLeHHe 


Katyuwika. YcTaHaBsIMBaloTca pa3sMepbl HaMOTKH J,, H h,,, KOTOpHIe 
flOJIyYaroTCA H3 Pa3sMepoB KaTYyWKH J, H Ay, 3a BbIYeTOM H30IAUHH. 
Z[vamMeTp NpoBosioKH onpexenAIOT TpemaA 9TaNaMu: 

1) Sagatorca KoatpHuHeHTOM sanonHeHHs HamoTKH f,,, B CpeqHeM 
nlopayka 0,5 (cM. pacueT KaTyulek). M3 cootHomenua w= fy 
onpenessioT d rovioh mMedH. . 

2) IIpopepsetca sHavenue f,. Tip ucnonHeHua kKaTyulKH c mpo- 
KNankoH G6ymarv yepes co, yaHTHIBad d,— uaMeTp MpoOBOOKH 
c H30NaWHeH 

Zap md? 
hn = ¥ 4d, (d, + 3)° 

3) C yTOuHeHHBIM sHaveHHeM f, CHOBa BBIVHCAeTCA MHAaMeTp Mpo- 
BOJIOKH. IIpHHumMaetca 3HayeHHe d, 61HxKaWee no TOCT. | 

IIposogquMocTH BOSYWHbIX 3a30poB. Boryncim1oTcA MpOBOAMMOCTh 
G,=G,+G,, Hepa6ouero 3a30pa G, H MpHBeneHHad no 4Hey No- 
TOKOCHeNeHHH MIpOBOMUMOCTh yTeuKH G,,. Jlanee onpezenaetca npo- 


? d 
H3BOHaA 76 . Jad BbIIHCIeHuA ¢— KoDpPpuLMeHTa paccesHHA, NOMb- 


syloTcd CXeMol 3aMelleHHA. BelyvcseHHA MpOBOZHMOCTeH H o NPOBOAAT 
JIA HECKOJIbKHX TOYeK, Halpumep, 6;, 0, u 9=0; gaHHbIe pacueta 
cBogaT B Ta6uuny. IIpu 6 =0 o6naHo cuntaior BemHunHy paGoyero 
sa30pa 0,005 cm; HepaGouero 0,02 cm, — | 

SHavenve MOMeHTa B HavyasbHOM MOJOKeHHH skops. Jian 0, 
| M... == Be! + 0,859U? 4G, 

: ww%s6Ge dé 
Ec nosyyenHoe sHayenve M,, oTmMuaeTca OT safaHHoro, MeHAIOT 
4UHCNO BHTKOB KaTYLIKH C TeM, ITO6bI NpHOMH3HTbCA K 3HaveHHIO Mpy. 
IIpH H3MeHeHHH W BHOBb Ollpefenstor ZHamMeTp npososoKu. Heo6xo- 
JHMO CTPeCMHTbCH K NOJIHOMy SallOJIHeHHIO OKHAa KaTYyIUKH, 4TOObI He 
yXyAlllaTb yCJIOBHH ee OX/axKJeHHA. 

SHavyenve MOMeHTa pH yrvie 6,. [Ipu mpopepKe storo sHayenna 
M., HomKen G6biTb Gonpuie M,.. B mpoTHBHOM cjlyyae HeOobxo,uMO 
yBeJIHUHBaTb SHayeHHe M,,. 

_ SHayenve cus npw 620 (KoHeaHoe nonomweHHe aKOpa). B stom 
cayyae yqo6Hee nomb3soBaTeca topmysoi Makcpesa. Bes yuera Jeit- 
CTBHA S9KpaHa cpeyuHee 3Ha4eHHe CHJBI: 


Qo = 2,08 + 108 cag KD. 


KI” CoM. 
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-B jaHHoM cayyae g’ <g, TaK KaK B MarHHToNpoBose npesycmMaTpH-< 
BpaeTCcAH BbIpes (NopAdKa 2 mm) AA ykKJlaqKH 9Kpana. 

PacuetT akpana (cM. rlaBy 7). 

Toku B KatTyuike. PacuerT npopogutca mpu U,. Brrancastorca 
TOKH Mp pa3OMKHYTOM H 34MKHYTOM MOJIOKCHHAX AKOPA (CM. PiaBy 3). 

Harpes katywku. M3 ypapHenua Harpepa P= pS, rae P—now- 
Hbie notepH P=P,+P,+ Ps, onpekenatoT TemllepaTypy Mpesbl- 
wmeHua 0, 

Mposepka oddekTHBHOCTH UCNOb30BaHHA MA@rHHTHOH CHCTeMBbI 
MIpOBOAHTCA H3 COOTHOWMeHHA 





rie J, W Ig—COOTBeTCTBeEHHO 3HaYeHHA TOKOB Mp pa30MKHYTOM 
HW 3aMKHYTOM NOJOKeCHHAX AKOPA. 


FJUABA 9 


MATHHTHbIE CHCTEMbI C MOMNEPEYHDIM ABH)KEHHEM AKOPS 
9-1. @OPMbl MATHUTHbIX CHCTEM 


CuctTeMbl C NonmepeqHbIM ABHXKeCHHEM AKOPA OTJMUAIOTCH TeM, 4TO 
AKOPb B HHX JBHOKeTCA B NONepedHOM HalipaBJIeHHH K CpeHeH JIMHHH 
Mexkny mogsiocamu. I!pumMeHsioTcA TakHe 
CHCTeMbl B TeX CJIyYaAX, Kora TpeOyeTca 
NOJYYNTb BbICOKOe 3HAYeHHE KOIqPHUMEH- 
Ta BO3BpaTa, HanpHMep Mp NpoeKTHpo- 
BaHHH ABTOMaTHYeCKUX peryJIATOPOB HJ 
CHeWMAJIbHbIX pee. 

Oco6eHHOCTbIO PaCCMATPHBaeMbIX CH- 
CTeM sipiseTcA TO, YTO B HHX padounk 
BO3AYWHbIH 3430p MexKAY AKOPeM H NOJLO- 
COM HMeeT HeOosblUOCe 3HaYeHHe Mp BCeM 
- -xofe akopa. B 9TomM culyuae 34KOH H3Me- 
@ur. 9, 1. Scku3 cuctembl. yeHua apodusd AKOpA ONpenhensneT co- 
| 6oli 3aKOH M3MeHeHHA MOMeHTa. M3Me- 
HAA MpOMulb AKOPA MOMKHO NOVYUHTb MOObIe Tpe6yemble BHIbI Xa- 
pakTepucTHK. CucTembl Cc MonepesHbIM ABH7KeEHHEM AKOPA NPHMeHAIOT 
IIpeANOUTHTeJIbHO B YCTPOHCTBaX NOCTOAHHOTO TOKa, TaK Kak HaJIHuHe 
B CHCTeMe MOCTOMHHOrO 3a30pa MexKAy NOJMOCaMH HW SKOpeM 3aTPYyZ- 
HAeT YCJIOBHA yCTpaHeHHs BHOpallHil, BOSHUKAIOUINX B CHCTeMax Ne- 
pemMeHHoro ToKa. [IpakTHyecKoe NpHMeHeHHe NOWYYHAK CeAyIouHe 
(hOpMbl MarHHTHbIX CHCTeM. 

a) Cuctembl cO CnwoulHbIM sKopem (pur. 9,1), mpymenstoulneca 
Mpu yrviax nopcpota skopa gzo 100—110°. laa nonyyenna Tpedyembix 
TAPOBbIX XAPAKTEPHCTHK AKOPIO MpPHAAIOT pasJuunbie NpodwaAK: apud- 
MeTHY4eCKOH cliupamu, runepOoubi, napa6oubl H Apyrve. 
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6) Cuctembr ¢ BbICTynMalomuM skopem (pur. 9, d), KOTOpbIe NpH- 
MCHAIOTCA NpH yraax noBopota nopazka 25—40°. 

B) CHCTeMbI C BTArHBalOuLuMCA akopem (dur. 9,8), npumMensromuecs 

NpH HeOOJbWHX yrlax Nopopota sKkops (10—15°), Ho p cayuanx, 

. Korga TpeOyeTca nowyyenHe TaroBolt xapakTepHcTuKH ocoboro BUA. 


9-2. OCHOBHBIE COOTHOWEHUSA HW JAHHbIE 


PaccmMaTpuBalorca TOMbKO cucTembt F = nocm. 


Momentbi na skope: M = 5,1F, KI’ cm. UlonHaa npopogxumocts 


pa6ouux BOsqyUIHEIX 3a30poB : 
aG dG dG 
G =G + Gy; —=—- . —_ ‘ 
p do” de a8 
dG, 

B cucTemax c nonepevHbim ABH>KeHHeM AKOPA SHaYeHHe —_" oKasbI- 
BaeT BJIMAHHE Ha BeJIMYMHY MOMEHTA TOJbKO B KpaiHHX NowomKeHuAXx 
AKOPA, KOra BbICTyNaoulah ero YaCTb HAaXOMHTCA BOH3H novuoca. 
B pa6ouem quanazoHe MomoxKeHuA AKOpA 


dG, 4G, 
aa: 
dG, 
Tiostomy B MpakTHYecKHX pacueTax yUHTBIBaIOT TOMbKO a 
Muazykuua,B,. SHavenue B, MeHAeTCA C XO20M AKOpaA. B cpeqHem 
AJM HavaAbHOrO NOJOKCHHA AKOPA WHAYKUMA -B CeYeHHH MoOOCa 


MpHHuMaetca NopagKka (0,3--0,4) 10-4 


Momocnas gyra a (pur. 9,2). SHauenne a NPHHHMaeTCA: B CH- 
CTemMax CQ CIVIOUIHbIM AKOpeM TopsgKka 45—~70°, c BpicrynatomuM 
akopem 60—65°, 

PaGounit yron nosopota BbIGupaetcs H3 yCnOBHA ycTpaHeHHAl BJIHA- 
HHA KpaeBoro NOTOKAa, CKa3bIBalouleroca MpW Kpalihux mMomomKeHnax 
AKOPA: B CHCT€MAX CO CIIJIOWHbIM AKOpeM nopsagzKa 100—110°, c-Bi- 
cTynarouluM 25-: 40°. 

SHaveHUS MUHUMAJIbHBIX BOSAYUIRBIX 3a30P0B Byun IIPHHHMaloTca 
43 KOHCTPyYKTHBHBIX yClOoBHH nopsgka 0,3-—-0,5 mm. 


9-3. CHCTEMbI CO CIIJIOWIHbIM AKOPEM 


B Takux cHCTeMaxX AKOpb oyepyeH no CHeWHaIbHOMY TpoHsio 
(pur. 9,2) paguycom R, =f (8), rue 6 yron orcuera oT ocH CHMMeTpHH 
AKOPA. 7 
O6osHaquM: Ry—MuHHManbHBIt panuyc, R;—MaKcumaspuniit. 
3a30p M@XKy TOuOCOM, O4epYeHHbIM no OKPyKHOCTH pafnycom R, 
H AKOpeM: 6, = K—R, = R—f (6). Manumanpnniii 3a30p nowyuaercs 
MpH &,:89= R—R,. Onpezenum nposogumocts Me@*KTy TOvHOCOM 
H akopem, BpiqenHM avleMeHTapHblii O6bemM BO3AyUiHOrO NpOMexk yTKa 
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WupHHOH B CpeqHeH yacTA d¢, ANHHOH 6: 


de = lf (0) + | do = [f(0) + <= LO) do = 0,5[R + FO] a0. 


SNeMeHTapHad MPOBOAMMOCTb 3a30pa 
db 


Tlomuaad MpOBOAHMOCTh M@KAy MOMOCOM H AKOPeM 6e3 yueTa NpoBo- 
JMMOCTeH KpaeBbiX TlOTOKOB 


6+2 


R + f (8) 
G,, = 0,5p19b | Beat (91) 





Jina BbIdHCJIeHHH MOMECHTOB 
HeEOOXOJHMO 3HaTb MpOH3BOAHy!O 
NpOBOsHMOCTH nO yrJy. Y4NTEI- 
Baf Ba MOCeMOBaTeIbHO BKJIIO- 
YeHHbIX BOSAYUWIHbIX NpOMeKyTKAa, 
HMeeM | 


=a 


d | R+f(8) 19 _ 


OO: 
di 











R+f (b+) _ RHO) _ 
R—f (0-40) R—F (8) 

= Fe+a—f (8) | 9.9 
= 0,5p0bR RF GF aiR—FOl ive) 


Bu6op upopbuia AKOpA, T. €. 3aKOHa H3MCHeHHA R,, TpOW3Bo- 
WUTCA B 3aBHCHMOCTH OT TpeOyeMoro 3aKOHa H3MeHeHHA TAPOBOH 
xapaxtepucTuku M, = M (8). 


Dar. 9, 2. Wpoduab nomoca 4 AKOpa. =0,25196| 


2 dG 2 f(8 + a) — 7 (8) : 
M, = 5,1 - F546 = 2,55n FOR pT IO. 9-3) 
O6osHauum: A = 2,55F 59bR, | 
aia f (9 + 2) — 7 (9) 
ae a, (eae en ie! Aare Bt ee Q.4 
M.= AR-F@ Hay iR—FOL (9-4) 
V3 (9-4) 


Af (8) + R°M, — RM,f (8) 


f0+%) = Ay REM MFO (9-5) 


Iipw 0 = nonyyaetca MHHUMaNbHDI saz0p: R— ky. 

Jaa nomyyenna OoubuieH HarsAHOCTH paCCMaTPHBaloT npopuH 
nomoca H AKOps B pasBepTKe (dur. 9,3), rae NokasaHa pa3sBepTKa 
AKOpA, OVepYeHHOrO HO apudMeTHYeCKON Cuppa. 


R,, = f (8) = Ro + Rb. (9-6) 
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Toycrapaas (9-6) B (9-2), nowyyaem: 





dG 
—P 0 5u,oR——_____*8 
cD) HOR RR EOF RRO: Sn 


Moment M, usmensetca no runepOomHyeckomy 3aKony (cM. NYHKTUp 
Ha dur. 9,4); cnowHOh Noka3aHa SKCnepuMeHTanbHad /KpHBasi, no- 


-— g Ms 








ur. 9,3. Paspeptka nomoca u sKopa. 7 

ayyeHHaa sp XapbkKoBcKo oe ee 
M NnovH- 

TEXHHYECKOM aati neReNepOH a een yang aa 

K, Mi. TuyzeuKo NpH TIPOBCCHHH 2 — Ges ysera usmenenua Fy & icens 

HM HMCCJIC@MOBaHHA CHCTeMbI. PasHuma *Paeporo  noroxa; 2 — skcnepumen- 

MeKTY PpacueTHOH Hw SKCIepHMeH- ae 

TabHOH KPHBLIMH ONpeqeAeTcCA CeLyION\HMH dbakTopamn: yaacrxn A 

u C yelicrsHem Kpaesoro noToka, yyacTtokK B—y3meHenuem Benn- 

UHHH. c. F,, npHxogamelica Ha 3a30pbI, 10 XOLY AKOpA. 


9-4. CHCTEMbI C BBICTYIIAIOWMM AKOPEM 


B takux cucTemax jonyexaetca Masti yrom nopopota. Mpodunp 
AKOPA MOMKET ObITh OYepyeH NO OKpyXHOCTH (cur. 9,5 HY, 6) B TOM 





@ur. 9, 5. Scxu3 cucremyl ¢c ®ur. 9, 6. podun 
BHICTYNAIOWLHMH N0J110CaMH. nowoca H AKopA. 


caydae, Kora TpeOyeTca nNoNyyHTb NpHOMMSHTeNbHO MocTOAHHOe 3Ha- 
WeHHe MOM€HTa TIpH paOouem yrae noBopota (pur. 9, 7). Ecan xe 
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Tpe6yeTca yBesMyeHHe MOMeHTa 10 XOMy AKOp®, TO TIpopislb AKOPA 
QuepuMBaeTcA He NO OKPyKHOCTH, KOHICHTPHIHOL C HDOHNeM Nowtoca, 
a mo pyro tak, 4ToObl pk 
BTAPHBaHHH AKOPA YMCHbUUIAJICA 
BOSAYIWHbIN 3a30p. 

Jlaa akops, ovepyeHHoro NO 
OKPyKHOCTH, KOHUeHTpHYHOH C 
OKPYXHOCTbIO Mostoca, C yYeTOM 
IByX MOCJeOBaTeIbHO BKJIOYCH- 
HbIX 3a30pOB 


My 







e° : 
70 G,, = 0,25t96 \ i Re 8; 
0 





O70 2 30 40 30 60 





@ur. 9, 7. IIpHmepHan KpHBad MOMeH- dG 
TOB CHCTeMbI C BbICTYNAaIOULHMH HOQJII0- ~~ P — 0 95 pk + Ko (9-8) 
camu, /# = nocm. dé eS Rice Ryo” 





9-5, CHCTEMbI CO BTSDKHbIM SKOPEM 


B Takux CHCTeMax AKopb NogpemlMBaetca Ha NpyxKuue (pur. 9, 8). 
Pa6ounit yrom NoBopota AKOp# AOKeH ObITb B3AT TAaKHM, uTOObI 
AKOPb He 3aHHMadl KpalHUX TOJ/IO2%Ke- 
HH npoTuB nosmoca. IIpopuab aAkopa 
BbIOMpaeTCA B 3aBHCHMOCTH OT Tpe- 
6yeMOH XapaKTepHCTHKH. 

Ha cburype 9,9 npuBezeHa NpHMep- 
HaA KPHBad MOMCHTOB AIA BleKTpOMar- 
HUTA acCTaTHYecKOrO yrOJIbHOrO pery- 
natopa, Ha ‘purype 9, 10 — npodrsp @ur. 9, 8. OSckn3 CHCTeMbI 
akops. Ec aKopb He 34HMMaeT Kpal- CO BTS2KHbIM AKOpeM. 
HHX MOJOKeHHU, TO MOXKHO HE YUHTHI- 

BaTb COCTABAAIOMeH MOMeHTa, OlpedxemmeMoH H3MeHeHHeM NPOBOAy: 
MOCTH KpaeBcro Nowa. Ct 

[lpobidib AKOPA BbINOMHAeTCH Tak: JIMHHA AB npuynMaetca npa- 
mofi; gaKOH H3MeHeHHA KpHBOl CD omnpesemneTca M3 Tped yemMore 

3aKOHa H3MeHeHHaA MoMeHTa. [a 3a- 





Mg sia aHHoll No ycuoBHAM padoTbl pery- 
— jintopa KPHBOH MOMCHTOB yCTaHaB- 
M nupatoT 3Hasenua Moy, My u T. &. 
to 
| 1234 56 @ 
0 





Mur, 9, 9. IIpymepHaa KpuBaa 
MOMCHTOB CHCTEMbl CO BTAZKIIbIM 
akopem, / = nocm. ur. 9, 10. TIpumepuari npodunb AKOps. 


LZ 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


PaccMOTp¥M 9dJIeMeHTapHy!lO TpyOKy OJIA MexKy AKOpeM H Mo- 
JOCOM, TwomankkoH dS u 3a30pom 28. [Inomanka dS moxer ObiTb 
pa3s6uTa Ha TpH 4aCTH: 

a—omnpeletsemylo paguycamu R, u Ry; 

b—omnpeneasnemyto panuycom R, uw aunHen AB; 

a pamuycom R, u kpuBon cD; 


dG, vs Wy 5; aS; = dS, i dS, a dS; 











dS, = Rice Mh dQ + R,x,d8 + Ry,dd; 
2 05% (i — 3 +R, + Ray) (9-9) 


Tipu sagaHHoM 3HayeHHu x, ONpeeAIOT Yj. 


FPUABA 10 


NPAMOXOJOBBIE MArHHTHbIE CHCTEMBbI 
10-1. ®OPMbI MAFHUTHbIX CHCTEM NOCTOAHHOFO TOKA 


TIpimMoxogZopbie CHCTeMbI NOCTOAHHOFO TOKA HCTIOJIHAIOTCH, Kak 
npaByio, B Bue comeHouzOB. TlostTomy TakHve CHCTeMbI YaCTO Ha3bl- 
BaloT COJIEHOHAHBIMH. B yctTapesiblIX KOHCTPyKUHAX ABTOMATH4eCKHX 
PperyIATOPOB CO/JCHOHAHbIe CHCTeMbI BbITIOJHAJIMCb C OTKPbITbIM Mar- 
HuTONpoBogoM. Iipakruyeckoe 3Ha4¥eHHe HMeIOT B HaCTOAUIee BPeMA 






\areee 


it Fé = 
WA. Y 


SE MLL ESS 





bx 


@ur. 10,1. Npamoxogzosaa cucTema. Mur. 10, 2, Konnyeckuit cron. 
[]nockuii cTon. 


CHCTeMbI © 3aMKHYTbIM MarHHTompoBonom. Ilo cBoemy Ha3Ha4yeHHto 
TIPAMOXOJOBbIe CHCTEMbI MOFYT ObITb pa3sOnThI Ha ABE OCHOBHbI€ rpynnbl. 

a) KopotKoxogospie cucTembl — NpelycMaTpHBaloTcA AMA Nowy- 
YeHHA OoOMbUWIHX 3HAYCHHH CHJI pH OTHOCHTeIbHO MaJIOM XOfe AKOpA. 
Take CHCTeMbI MpHMeHAIOTCA MpH OOubUIHX 3HaYeHHAX KOHCTPyK- 


VQ 


THBHOTO (pakTopa —~ B Mpegesax 4—90. Koporkoxoyopnte CHCTEMBbI 


Bcerga ceeioH. cronom. Ha qurype 10,1 mpupegeH 3cKH3 cH- 
cTeMbI C fMJIOCKHM cTomoM, Ha (purype 10,2 noka3aHOo ucnomHeHHe 
KOHHYeCKOrO CTONAa. 
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Jif HCNOJHeEHHA pene HeOOJbUIHX raOapHTOB IIpHMeHAIOTCA ympo- 
WeHHbIe POpMbI CHCTeM, H306paxKeHHbIX Ha curype 10, 3. 

6) JAHHHOXOJOBbIe CHCTEMbI — NPeLYCMaTPHBAIOTCA AIA NONYYeHHA 
OTHOCHTeJIbHO onbuiMx xofoB (ur. 10,4). Takue cucTeMbt IpHMe- 
HAIOTCA MPH MaJibIX 3HAYCHHAX KOHCTPyKTHBHOrO (pakTopa. B ANHH- 
HOXOJOBbIX CHCTeMaX CHJIa Ha AKOpe OMpenesAeTCA B3SaHMOJeHCTBHEM 
MoTOKa YTe4YKH C TOKOM B Ka- 
Tyuike: Q=clB. flostomy Bs 
TaKHX CHCT€MaX BO3MO?KHO 0- 
JYYHTb wsrO60e *KejlaTe/IbHOe 
3HaueHHe CHJIbI Mp NOBbILLEe- 
HHH 3HaveHHA TOK B KaTyllke 

ur. 10, 3. [pamoxogosaa cuctema (MHAyKUHA MOCTHraeT CBOerO 

yipouleHHoro Bula. M&KCHMaJIbHOrO 3Ha4eHHA TPH 

HaCbILIGHHH). OTO CBOHCTBO 

CHCTeMBI HcTlombayeTes B YCTaHOBKaXx, paOoTaiomHX MpH peyKHMEe KpatT- 

KOBpeMeHHOH Harpy3KH, KOPa MOKHO MpONyckaTb yepe3s KaTYUIKy 

TOK 6OJ/IbIOH CHIbI 6e3 OMacCeHHA NeperpeBa cBepX AONyCTHMOH MO 
HOpMaM Temlepatypbl. 

Jipyraa oco6eHHocTb pacCMaTpHBaeMOH CHCTeMBI: B onlpeeeHHOu 
“wacTH XOJla AKOPA COJe@WOHLHAA CHa ABAAeTCH NOCTOAHHOH HW He 
34BHCHT OT PaCCTOAHHA Me- 
KAY BXOAALLHM KOHILOM AKO- 
pA H NepeqHHM KpaeM Ka- 
TymkH. Tlostomy MOKHO 
BbINOJHHTb COJIEHOHAHYIO 
cucTemMy Cc OOOH BeJIHUH- 
HOH xOMa AKOPA, YAMHHAA 
COOTBETCTBEHHO 8 KaTYyLKy. 
Tak, HMelOTCH HUCIOJHEHHA 





| OT PLL LAL l 








JWIMHHOXONOBBIX COJIEHOHA- Pt, ia 

HbIX CHCTeCM C_ BeJIHYHHOK 

xona 10 200 wm. Takag BeJlH- @ur. 10, 4. Tawuesnoxoyzopaa cucTema 
WHHa XOfa HeOCTH>KHMA B HOCTOBEHONO TOA: 


CHCTC@MaX NOBOpOTHOrO THIla. 
SHauenne XOfia AKOPA B JJIHHHOXOROBbIX CHCTCMax OpipaerT nopxAAKa 
0,2-+-0,64,. 

10-2. CHJIbI HA SKOPE 


B KOpOTKOXOJOBbIX CHCTeMaX YU4HTbIBAeTCH TOJIbKO CHa APHTA- 
*%KeHUA JBYX NOBepxXHOcTeH — AKOpA HM cToMa. ConeHoNyHAaA CHa 
B TaKHX CHCT@MaX OTHOCHTe@JIbHO MaJia H elO NpeHe6peralcr. 

Hicxogquoe ypaBHeHve WA alah CHI Ha aAKope 


Q=5, Fis ag (6-15) 


rye F,—H. Cc. KaTYUIKH 3a BBIY€TOM MaleHHA MarHHTHOTO NOTeH- 
lala B CTaJIH WH Hepabounx 3a30pax, 
G,— NpoBogumMocTb pa6oyero 3a30pa. 
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Ynpomas (6-15), ne yautsrBad BAHAHNA Kpaegoro noroKa, nouy- 
waem cbopmysly Maxcpenna, 6onee yro6uyw aaa pacyetTos, npHuem 
5Ta POpMysa MpHBOAHTCA K BHAY, B KOTOPOM YYHTHIBAeTCS HHAYKUNF 
B sakope, B KOHIe ero, y pa6oyero sa3opa. 

Maockué cron (bur. 10, 1). @Popmyna Maxcpessa 


Q = 4,06 - 108B2xr? KP, - (10-1) 


B aaHHoM curyyae 3HayeHna” HHAyKuMH B akope Bu B, B paGouem 
3a30pe cOBNayaioT. — 

Konwueckui cron (pur. 10, 2). aa gaHHoro cayyaa PopmMyuly 
Makcseana nonyyaem, npeoOpasya (6-15). [Iposozumocrp pa6ouero 
3a30pa, Oe3 yyeTa Kpaesoi: | 


wr 3 sin? 
Gy = Bo rccgtg — Po (10-2) 
Bropot ane npapo actu (10-2) oTHocHTenbHO Mau. Hosromy 
lipHMemM: 
rs 
G, = PO Scosta’ (10-3) 
Torga | 
dG Tr . 
B= Ho B¥costa? (10-4) 
Ragee | 
FG, = ®, = Bip | (10-5) | 


V3 (10-3), (10-4), (10-5) (6-15) umeem 


Q 5,1 - 108B, - gi, cos*a, 





(10-6) 


2 
VoTly 


IIpupenem (10-6) k uagzyKunn B B akope. [loro B aKxope, y pa6o+ 
4€ro 3a30pa, paBeH NoToKy paGoyero 3a30pa | 


@D — ®, = Bip = Bari. (10-7) 
M3 (10-6) u (10-7) umeem 
Q = 4,06 - 10®B2xr? cos? g. €10-8) 


10-3. BbIBOP ®OPMbI H JVIMHbI CTONA 


®opma ctona. Bri6op @opMbI cToNa onpexensetca snayennem 
KOHCTPYKTHBHOrO (bakTOpa aA AaHHOrO yctpohctBa. IIpa 6onbuiom 
SHAYeHHH K. @., T. €. MPH GOOMbUIHX SHAaYeHHAX CHI H MaJIbIX — xoa, 
PauHOHasIbHee MpHMeHAT MvocKHi cTon, np O6oObWHX 3sHadeHHAX 
XOJa —— KOHHYeCKHE. | 

IIpaktuyeckue yaununie: nhockuh CTOn MIpHMeHsetca npu 
SHauCHHH K. @. B mpewenmax 16-90, konnueckni cTON ¢ yrdioM 
a= 45° npw k. @. = 4-+-16: ¢ yriOM a = 60° npu kK. d. = 1,85 -=- 4, 


175 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Jlnuna crona. KopoTkoxogopble CHCTeMbI BCer a cHaOKaloTca 
CTONOM, Tak KaK NO yCAOBHAM KOHCTPYKUMH AJIHHa KaTytiky CHCTEMBI 
B HeECKOMbKO pa3 Gombe BeIMYHHE! padouero 3a30pa 6 (cur. 10,1). 
B pauvovasbHO HCMOJIHCHHBIX cucremax 8 = 0,05 — 0,12, 4 B peqKHX 
eyuaiX, B MAJIOMOUIHbIX CHCTeMaX, § = 0,12-+-0,15/,. HayambHoe 
3HAYe@HHe Xy,— BCJIMYHHbI BXOKACHHA AKOPA B KaTYLIKy, IPHHAMaeTCA 
nopanka J,/3. Takum o6pa30M, Aviva cTona y nowyuaeTca B Mpeseiax 


y = 1, —* — (0,05 + 0,1) te. (10-9) 


10-4. NPEABAPHTEJIbHbIA PACUET KOPOTKOXOJOBOM CHCTEMbI 
MOCTOAHHOrO TOKA 


Wcxolnpimu sABIAIOTCAH CuleqyioulHe AaHnHple- paOouee HalpaxKe- 
nue U, pa6ounli xom 5, HavatbHaA CHsla Ha AKOpe Qu, Pe2XKHM pa- 
6oTb] KATYWIKH — LANTeJbHbIM, OBTOPHO-kK paTKOBPeMeHHBIH. 

[IpH mpopegenuu MpessapuTesbHnoro pacieTa He VUHTHIBAIOT COUIe- 
HOWHOL CHJIbl, a MpHHHMAaloT BO BHHMAHHe TOUbKO CHTY NIpHTAKeHHS 
AKOpA K CTONY. 

HexoroppiMH 3HaveHHAMH TapaMeTpoB, OMpeAeJIAIOULH x coooH ra- 
OaputTbl CHCTeMbI, NPHXOAMTCA gallaBaTbed: MHAyKkuvel B B akope 
padouero 3a30pa, MaseHWeM MarHUTHOrO NOTeHUHaa B CTaIH H He- 


padounx gasopax — » Hii, TeMnepaTypOH MpeBbiIeHHA KaTyikH, 
OTHOWeHVWeM JVIHHbI] HAMOTKH K TOJIUHHE Ce. [Ipapiibubii Bbi6op 
yKa3aHHbIX MapaMeTpoB ompedesaet 3KOHOMHMYHOCTh KOHCTPYKUHH. 

Huodyxyus B. 3uayenne B BbIOHpaeTCA B 3aBHCHMOCTH OT KOH- 
cTpyKTHBHOrO (akTOpa MH OT Pe?KHMa padoTbl KaTYWWKH: ¥eM OoubUIe 
3Hauenne K. (p., TeM Oombulee 3HaueHHe B (cm. Kpuppie pur. 5,5), 
IPH KpaTKOBpeMeHHOM PevKHMe paOoTb! NpHHUMAIOT Oompilee SHATEHHE, 
ueM TIPH AJIHTeJIbHOM. ) 

TlaGenue maenumnoeo nomenyuana @ CMaAU U Hepaoouux 3a30pax. 
B palwOHaJIbHO NOCTpOeHHbIX KOHCTPYKIUMA* nageHve MardHTHOro 
noreHuMasa B CTaIH MarHuToMpoBoga CocTaB/seT MpH HadaJIbHOM 
nonoKeHHH skopa 10—20% oT BeHYHHbI H. C. KaTYWKH, 2 B Hepa- 
6ounx 3a30pax —5—10%. 

Ce OBaTeJIbHO, : 


Fy +Fo= (0,15 +- 0,3) F. 


O6pl4HO MIpHHMMaioT sHayeHHe HHAYKIKH B CTaJIM KOXKYXa PaBHbIM 
80% vHAyYKUMH B AKOPE. 

Hepadounit 3a30p 4, (dur. 10, 1) onpenessetcs TOJMMHOK aTyH- 
Hol Hanpapasiomeh TpyOKu (nopaaKa 0,5 mm) HW 3a30pOM MexKy 
TpyOko H AKOpeM. OTOT 3a30p MPHHHMAIOT nopsaka 0,125 mm qs 
cyryuan, Kora BHYTpeHHAA MOBepXHOCTb TpyOkH He oOpadorana, 
wu 0,05 wm gaan TpyOKH C BHYTpeHHeh o6pa6oTaHHOH NOBepXHOCTbW. 

Jina yMeHbileHHaA MarHHTHOrO COMPOTHBICHHA HepaOouero 3a30pe 
PEKOMeHAVeTCA YBEHYHBATb PasMepb! @ H 6 (pur. 10, 1). 
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l 
Omnowenue k = i; OblBaeT B Npegeiax 5-8 uv BEIOHpaetca TaKKe 
B 3aBHCHMOCTH OT 3HayeHHA K. dp. (cur. 5,5). Tommuna Hamorkn A 
r 
MPHHHMaeTCA H3 YCHOBHA m= > = 2-+-2,5, Torga 
1 


h=r,(m—1) (10-10). 
Cxema pacuera. 
1) Ypaéenerue cuaot. 
Q = 4,06 - 108B2nrt «IP (10-8) 


iIpH 3aqaHHOM 3HayeHHH Q 4x BbIOpaHHOM sHayeHHH B onpeyeusior 
pamuyc AKOpA Pr}. 
2) Ypaenenue maehumuow yenu. 


F = Fy F, + Fr => +- (0,15 -+0,3) F (10-11) 


IlomyueHHoe 3HaveHue H. c, KaTYWKH JO/KHO HMCTb MECTO IIpH Ha- 
npsKenuy U = 0,85U,,. 
IlonHoe 3HaueHHe H. Cc. KaTYlUKH, KOTOpoe HaO YUHTHIBaTh IIpH 


pacueTax TenJOBOrO pexKuMa, NOJyuaeTcA paBHbIM Tas: 


3) Vpaenenue naepeea. Ina Kpyrapix KatyuexK 


(F/0,85)? 


8 = Pao 20FwAinla® * (10-12) 


M3 (10-12) onpegzensior J, u A, Jina storo TpeOyeTca NpvHATD 
3HaueHHa 6, ~ » fx —NopagKa 0,5. To NPHHATOMY 3HayeHHio 6 onpe- 


AeNHIOT p Hp (CM. raiaBy 2), sHayenue F — v3 (10-11). Ws sBarance- 
N€HHOrO SHaveHHA Ay ONpeeNAIOT paauyc KOKyxXa rp = hy +733 43 
i; ONpeseNAIoT BeuuHHy y (10-9). SHaueHve x, NIPHHHMaeTcA paB- 


* 
HbIM 3° 


4) Ypaenenue srexmpuyeckoii yenu: 
Sirs T by = POLED) Jy 10-3, (10-13) 


/w— COOTBETCTByeT MOMHOMY 3Ha4eHMIO H. Cc. KaTywkKu. M3 (10-13) 
ONPeAeMACTCH AHAaMeTp MPOBOJIOKH HAMOTKH, a 3aTeM BbIUHCAAeTCA 
YHCJIO BHTKOB KaTYIIKH. 


10-5. IPOBEPOYHBIA PACUET KOPOTKOXOAQOBOM CHCTEMbI 
MOCTOAHHOFO TOKA 


Ha OcHOBaHHH AaHHBIX MpesBapuTenbHoro pacueta ycTaHaBn- 
BarOTCA OCHOBHBIC pa3Mepbl CHcTembI. Sayaueli mpoBepounoro pacueta 
_ABAAETCA YTOUHCHHE NapaMeTPOB CHCTeMBI, IPOBepKa CHCTeMBI B OTHO- 
WHA ONTHMAJIbHOrO pellieHHA, MOCTPOeHHe TATOBOM XapakTepHCTHKH. 
Tlocie yTOuHeHHA JaHHbIX CHCTeMbI HHOrma NpHXOMHTCA MpOBOAUTb 
pacueT BapHaHTa C H3MEHEHHbIMH NapaMetTpamu. Uvcno nepecuetop, 
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HeEOOXOJMMBIX JIA IOYYCHHA YyOBMETBOPHTEJIbHBIX Pe3YJIbTATOB, 
3aBUCHT OT TOrO, HaCKOAbKO yauHO BblOpaHbl B MpeABapHTeJbHOM 
pacueTe 3HayeHHA NWapaMeTpos. 

-Cxema pacueta. 1) YTOWHAIOT WaHHble KaTyUIKH — KosppuuneHT 
3anouHeHHa f,, YHCNO BATKOB W, COMPOTHBJeHHe OOMOTKH, Temme- 
paTypy TNpeBbilleHHA. : 

2) TIposoaT pacueT MarHHTHOH emu, Jaa 3TOroO BbIYHCAAIOT 
NIpOBOAHMOCTH BCeX TlyTeH B BOsAyxe, ONnpeweaAtor KosHUHeHTbI 
paccesHHa WH CTpOAT KpHBy!O HaMarHHHBaHHns 


P,= (PF. + Pu). 


3) loap3yacb KPpHBOHK HaMarHHuNBaHnH4”, yCTaHaBJIHBaloT palluo- 
HAbHOCTb TPHHATbIX JlaHHbIX, aloT HM MIpPHHATBIC SHayeHuA. 
OntuMabHoe pelleHve 3afauH CM. B naparpade 95-7. Ecau mouty- 
yeHHoe pelleHHe He JaeT yAOBJIETBOPHTCJIbHBIX Pe3yJIbTATOB, MCHAIOT 
sHauenve HHAyKuUMH B B cTamu y padouero 3a30pa, ITO BuleveT 3a 
co6oli H3MeHeHve Momasqn CeyeHHA AKOPA, MeHAIOT Tak2Ke PasMepbs 
HeMAarHHTHbIX 3a30poB. B HeKOTOpbIxX ClydaaxX MPHXOAATCA NPOBepATh 
BONpOc O pal\HOHaJIbHOCTH HpHHATON copMbl cTOMa— MIOCKOH WAH 
KOHH4eCKOH. 

4) Tlocne nmonHoro yTOWHeHHA BCeX JaHHbIX CHCTEMbI CTPOHTCA 
TAPOBad XApaKTepHCTHKAa M10 HeCKOJIbKHM XapaKTepHbIM TOUKaM, Ha- 
ipHMep HavaJbHOH, IpoMexKyTOYHON H KoHeuHOoH. IIpw stom, BBY 
H3MeHeHHA 10 xoxy AKOpa KosppuNHeHTa paccenHHA, MpHXOMNTCH 
CTPOHTb HeCKOJIbKO KPHBbIX HaMarHHYHBaHHA. 

Tip BbInHCJIeHHH CHJ YUMTbIBAIOT: 

Cuay Q, —MpHTAxKeHHA AKOPA K CTOIY 


dG 
2 @ 
Q1 = 5, | Fp ‘dd ’ 
aG, . 
re —, — Npoussoquaa PpOBOZHMOCTH C yYeTOM H3MeHeHWA Kak pa- 
6ouero, Tak MH KpaeBoro MOA; 
F,— onpefeaetca ¥3 KpHBOH HaMarHvuNBaHHa. 
Cuay Qg—COMeHOHAHYIO ONpeAeMAIOT H3 COOTHOMIEHHA 
Q, = 10,2H®,, (6-25) 
rye 
Iw 


fe 

IIpu spruncnenuH ®, HeOOXOAHMO YUHTbIBATh CMEIICHHE HeHTpaJH 
(pur. 3,16), KoTopad mpHOsMxKaeTCH K paGoyemy 3a30py MO Mepe 
yMeHbIIeHHA NocieqHero. B pesysibTaTe C yMeHDbILICHHeM $ pe3Ko 
NamaeT 3HaveHve noToKa PM, = Py, —Py 1, a CMEMOBATEMDHO, H 3Ha- 
ueHve COJ@HOHAHON CHubI. XapakTepHCTHKa COMECHOWAHOH CHJIbI HMeeT 
BHJ| KPHBOH C MaKCHMYMOM, COOTBETCTBYIONIMM OMpewesIeHHOH BeJIH- 
uHHe BXOMKMeHHA AKOpaA B KaTyWKy. Bennunnon Q, IpH xoyze AKOpA 
8 <0,1/, mpakTwyecKH MOxKHO MpeHeOpeub. 
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10-6. PACYUET JJIMHHOXOXOBOAM CHCTEMbI NOCTOAHHOLO TOKA 


O6mue coo6Opaxenuusa. Cuma wa saKope B JWIMHHOXOJOBbIX 
CHCT€MaX BO3HHKaeT B pe3yJbTaTe B3aMMOJeHCTBHA NOTOKOB ®, c 
TOKaMH B KaTylike. KarTyilika B TakHX cHcTemaX NowmyyaeTca 
mimHHon. Ilostomy kapKacoM Jin Hee MpHHHMaIOT HeEOOXOAH- 
MY1O JJIA HalpaBJIeHHA ABHKCHHA AKOPA JaTyHHy!o TpyOKy c 60- 
KOBbIMH CTaJIbHBIMH (baaHyamy (pur. 10,4). Bxogamui kone sakopa 
OObINHO BBINIOMHAIOT CY2KHBalOIMMMCA, C YIJIOM CyKeHHA NopsayKa 
8—9°, MaKCHMaJIbHad JWIMHa CyKeHHOM YacTH MpHHHMaeTca nopsad- 

xy 
Ka 3: | . 
Mcxoaupe JaHHple: paGouee nanpaxenne U, pa6ounli xox se 
HavaJIbHaw CHa Ha AKope Q,,, pexHM pa6OTbl KaTYUIKH. 

IIpHHuMaemble BeJHUHHHE!: 

1) Mazyxuna B B HavanbHOM MOOKeHHH AKOPA—y nepexoga 
OT AHUa K AKOPlO — IIpHHHMaeTCA BEICOKOM — nopayKa 90% wypzyK- 
HH HaCbIeHHA MaTepHavia. 

2) SHayenve naJeHHA MarHHTHOrTO NOTeHUMada B CTaH HM Hepa- 
6o4emM 3a30pe MpHHHMAIOT B MpeABapHTeMbHOM pacyeTe, HCXOLA H3 
CJIENYIOMMX cooopaxKeHHh. 

IlanqeHve MarHHTHOrO NOTeHIHala B HepaGouem 3a30pe MpHHu- 
MaeTca mopagqka 10% oT H. C., Tpe6yeMoH JIA NpoBenweHHA NOTOKA 
®,, 7. e. Fy =0,1F,. aa pervcienua naqeHua MarHuTHoro noTeH- 
UHasa B CTaiH HaXOAAT NO KPHBOH HaMarHH4HBaHuA MaTepHada AVA 
3aaHHOK MHAyKuUHH B 3sHayenne H,. YuuTbiBah, TO HHAYKUA B 
Hayase AKOpA paBHa B, a B kone B=O, MOXKHO CUHTATb 


Hex 
Fy =->- 


TlorepH B HapyxXHOM ApMe NpHHAMAIOT paBHbiMH 60° notepb B AKoO- 
pe, Tak KaK HHAYKUWA B ApMe OObINHO MeHbIe HHAYKUHH B AKOpe. 
CreqoBaTeJIbHo, 


F, = 7% 40,6 22 = 0,8H,x. 


3) HamMarHuaMBalollad CHJla JJId MOTOKa yTeuKH (Cc ySeETOM TOJIbKO 
BOSAYIUHbIX MyTeh) 


ey a 4Br?* (r aif 
Pye = OY = Bar} 2 ee es i : 


yn yom (ri tre) bo (fet ri) x * 
IlomHaa H. Cc. QA MOoTOKa yTeuKH 


Br’ (fg — 11) 


Tox 
Py y= 88 eG er 


+ 0,8H x. (10-14) 
4) TonmuHa HaMOTKH 


: | 
h=ry,—fr,;, IpHyem m= = 2-- 2,5. 
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CoOoTHOMeHHA AIA pacueta. 


1. Ypaenenue cuao. Ypapnenue Q,= 10,2H®, (6-25) npeobpa- 
3yeM K BHAY, Oomee yQOOHOMY AVIA TIpOBeJeHHA MpeABapHTeAbHbIX 
pacuetTos. Ec r; — pagquyce akops, B— HHAYKUMA B AKOpe B HadaJib- 
HOM ero MOJIOXKeHHH, TO 


_ Py 15 
B= (10-15) 

Hlasiee | 
H=*, (10-16) 


w 


CaefyeT JONOIHHTebHO YYCCTb YMEHbIeHHe CHJIbI 3a CUeT HOTepb 
MarHHTHOH SHeEprHH, 3aTpayuBaeMOH Ha HaMarHHYHBaHHe BxXoOAAMel 
B MarHHTHy!IO CHCTeMy 4WaCTH AKOPA. STO CHHKeHHe CHJIbI Y4HTHI- 
BaeTCA ONpeweNeHHbIM Koaddunuentom k. SHayenue & ANA crTaseu 
xopollero KayecTBa moyyaetca nopsyka 0,85. Takum o6pa3om, 
ypaBueuue (6-25) nomyaaeTca B Bue 


Q, = 10,2 - 0,85-" Bar} = 27,2-2 Bri (10-17) 


]° 


2. Ypaenénue naepeea. U3 (10-12), yantpipan h=r,—ry, 
(F /0,85)? 

20uf,, (To an ry) v 

3. Ypaenenue grekmpuueckol wenu. 


U = etre) F. 10-3, | (10-13) 


0 =p (10-18) 


CxemMa mpeABapHTe€AbHOrO pacyera. 
I, Botaucaenue r;. U3 (10-17) u (10-18) umeem 
Pot Woy Meee 
Le Q7,2Br? ty, | p 
Cre OBaTebHo, 


Qo V/ Rete (re — 73) 90,852 
27,2 Br* p 
YUHTBIBAA, 4TO 
n—n=n(2—1)=n(m—)) 
1 
nowyyaem 
2 
5 Q,? 
"1 = 97/92 B® 20uf,, (m— 1) 00,85? * 
2. Bowutcaenue se npouseodumca u3 eoipagcenua (10-18). 
K 
3. Bowucaenue x, npouseodumca u3 (10-14). 
4. Jauna kamyuku 1, = x, + Xp. 
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IIpope pounpt pacuer. Ha ocnosanuu MaHHbIX NpelBapu- 
TeADHOTO PacueTa YCTAaHaBJIMBalOTCA OCHOBHbIe pa3Mepbl MarHHTHOT 
CHCTeMbI. Saqayell NpoBepoynoro pacuera ABJIAeTCA yTOuHeHHe Napa- 
MCTPOB H BBeJ@HHE H3MeCHEHHH B BeJIMUMHAaX 3TUX NapaMeTpOB B TOM 
CJryyuae, ecCJlH NIPHHATbIe 3HAYeEHHA He 
NPHBeH K YOBJIETBOPHTeJIbHbIM pe- © 
3yJIbTaTaM. PacueT MponsBo_uTcA no 
NPHBeAeCHHbIM paHee COOTHOLIeHHAM. 


10-7. ®OPMb! MATHHTHbIX CHCTEM 
NEPEMEHHOrO TOKA 





B npaktuke nosyqan pacnpocrpa- 2 
H€HHE€ KOPOTKOXOMOBbIe CHCTeMbI pa3- 
HBIX cbopm. Ha cburype 10, 5 npusegeusi 
HaHOoylee XosKHe H3 HHX: a—c III- 
OOpasHbIM AKopeM H ApMoM: 6—c T- 
OOpasHbiIM AKOpem u E-o6pa3Hp AP- (@): 
MOM; Cc, d—covleHouqHbIe. PopME! a 
H 6 jatoT myumiee pemenve B oTHOLe- 
HHH NMOJYYeHHA MHHHMaJIbHOrO BeCa 
KOHCTPYKUHH MPH 3afaHHOH yCOBHOL - 
paOotocnoco6HocTH. Ognako B pene- 
CTPOCHHH NPHMeHSAIOT MpeANOYTHTeIbHO 
COMCHOHAHbIe CHCTeMBI ((popma c), Gonee @) 
YHOOHBIE B KOHCTPYKTHBHOM OTHOLLEe- 
HHH. IIipH Heo6xogumocru nomyyenng 
OObIUHX CHM Ha AKOpe IIPHMeHAeTCA 
cbopma d. 

Coomnowenue ceuenuti. Ceuenve 
APM@ NIPHHHMaeTCA MeCHbIUHM, 4eM ce- 
WeHHe AKODA UH CTona. Ornomenne 
pa3MepoB a@ Wb NpHvHuMaloT nopsz- yi 10.5) Tieauetosones 
Ka 1,0-+ 2. CHCTeMBI MepeMeHHOrO ToKa. 

Pasmewenue skpaxa. IKpau pac- 

Nodaraior B MecTe HanOoulee yQOOHOM AAA wuMoBKH Topuos. 

Konesnoui sazop. na npeqoxpanenusa AKOPA OT 3aHNaHuA He- 
OOXOQHMO HMeTb KOHe4UHBI 3a30p B CHCTeMe: B MeCTaX «Ke Kpenvie- 
HHA SKpaHa 3a30p JOJMKeH ObITb MMHHMavIbHbIM. B cucteme (POpMBI ¢c 
KOHCYHBIM 3430POM ABJIAeTCH NIpOMeEKYTOK MEKAY AKOpeM sIpMOM. 


Qs 
i 
of 
N 


ag 
a 
NS 





10-8. CHJIbI HA AKOPE 


B MarHuTHbIxX CHCTeMax = nocm. NOTOK CHCTeMBI onpesesnerca 
NPHJO7KCHHBIM HallpA7KeCHHEM HM YHCJIOM BATKOB KaTYLIKH. 
Cuntaa U = &, nonyyaem 
ee V2U . : 
Ww 


w 
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@ 
3naueHie padouero noToKa paBHo M, = -—; Npu NpoBeAeHHH pa- 


cueta mo popmyie Makcpenia KpaeBo NOTOK paOouero 3a30pa OTHO- 
CAT K NOTOKaM paccenHHa. 

Ipu BbravceHHM CH Ha AKOpe HEOOXOAUMO YHHTBIBATb KOHCTpyK- 
THBHBIe OCOOCHHOCTH M@PHHTHOW CHCTeMBI. 

@opma c. Safapancb 3HaveHHeM HHAYKUHH B, B padouel yacTH 
3a30pa, OlpesemaoT CH 


Q = 2,03 - 108B.q,. 


@opmpl a, b. Cua Ha AKOope CyMMHpyeTCA H3 CHU B CpeAHeM H 
Kpaiiuux 3a30pax cucTembl, Popmysy Makcpesia npuBekem K cpea- 
HeMy 3a30py 


Q = 2,03 - 108[Bigi + 2B°.92). 


0,5Bp 


Jo = 241; By, = ’ 


a 


YuuTbIBad, UTO 





nomyyaem 
Q = 2,03 - 10°B,9,(1 + 2). (10-19) 


@opma d.-Pa6ouumn sBsaatorca sazopbl 1 u 2, HepadouuM — J. 

B HavabHOM MOO%KeHHU AKOpA 3430p 3 B HECKOJIbKO pa3 MeHBbIUC 
C ga30pa 2. Tlostomy B 3TOM NOJIOKeCHHH CHJY CUMTAIOT 
tombKo no 3a30py 7. B mocaexyiouldx NOMOKCHHAX 
wn—| SKOPA HeOOXOMMMO YUHTbIBATh HW CHNy y 3a30pa 2. 
IIpH STOM MpHXOAUTCH MOsb30BaTbCA (bopMysIoH, yuH- 

& Thipatomell cHy B PYHKIMH NpOWSBOAHOH MpOBOsH- 


dG _ 
MOCTH ~= 3 3]@Cb G—nojHad pOBOAMMOCTb BCeH CH- 


G, CTeMbl, KOTOpad onpefesiseTcA Ha OCHOBaHHH CX€MBI 
eee ctG: 6 SaMeleHHA MarHHTHOH cucTembl (cur. 10, 6). 
Crema B KOHedHOM TONOKeHHH AKOPA yAoOHeEe MNPOBO- 


gamemenuf. JHTb pacuet mio copmysie Makcpeia, NpHieM aH- 

Hble pacueTa MOslyyalOTCA OTHOCHTeCJIbHO TOUHDIMH, 

NOCKOAbKyY 3Ha¥eHHe KpaeBoro MOTOKa NpH MaJbIX 3a30paX MEK 
SKOPeM H APMOM BeCbMa H€BECJIMKO. 


10-9. HAHHbBIE JWI MPOEKTHPOBAHHA 


IIpH mpoeKTHpoBaHHH MarH¥THOH CHCTeMbI NPHXOAMTCA 3aAaBaTbcA 
HEKOTOPbIMH BeMYHHaMH, PacCMOTPpHM OCHOBHbIC BeVJIHNHHB! B, Uo. 

Wuaykuua B, B padouet yacTH 3a30pa. OpveHTHpOBOUHO 3Hate- 
Hue B, MOXKHO MpHHATb MO BeMYHHE KOHCTPYKTHBHOTO cpakTopa. 
CoornercTayrouje sapucumocTH B, =f (k. ©.), pa3paOoTaHHble WA 
CHCTeM TOCTOAHHOFO TOKa, IIpHBefenbl Ha cburype 5,5. Aaa nobso- 
BaHHA 9THMH JaHHbIMH NpH pacueTe CHCTeM NepeMeHHOrO TOKA BBO- 
JWMUTCA NOHATHE OO ZBKBUBAJICHTHOM KOHCTPyKTHBHOM cbaxTope. Y du- 
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THIBaAH, YTO TIPH OAHOM H TOM Ke CeYeHHH HaOna An pa6ouer O 3a30pa 
H OJHOM H TOM Ke 3HaAYvCHHH MaKCHM@JIbHOH HHAYKUHH CHJla B CH- 
CTeMe NOCTOAHHOrO TOKa NOJYUaeTCA BABOe OombiueH, eM B CHCTeMe 
TepeMeHHOro TOKa, NPHHHMaloT SKBHBaJICHTHOC SHAYeCHHE K. cp. PpaB- 


mw VQ, 


een Seen paccesnnua o. [Ipu BecbMa GombIIOM 3Ha4eHHH 
K. (., XA@pAaKTepH3Y!OWIEMCA MaJIbIM 3HaYeHHeM xOfa 45, BeHYHHA o 
-flomyuaetca nopsgka 1,1. Opxentuposounoe sHayeHHe o TIpH 3ajaH- 
HOM K. . oONpefemmetTca cexyIouuM O6pa3om. 

IIo KpHBhIM, H306paxKeHHbIM Ha *urype 5,5, Haxog_AT 3HaGeHHe 
HHAyKuUHH B,, a Ma@KCHMaJibHOrO sHayeHHA K. *~. Hu B,, — Ana 
3aqaHHoro, 

Torga 


HBbI 


o= 11 ee, (10-20) 
p2 
ITpumep. OnpejzenuTb 3HayenHe KosppuliMenta paccesHHA A NpoeK- 
THpyeMOH CHCTeMBI. 
SanaHo: Q=4,5 «KT; 8=1 cm. 
aa xk. .=400 suauenne B,, = 1,38- 10-4. OkBHBaneHTHOe 
3HayeHHe K. *. MpOeKTHPyeMOH CHCTeMBI 


V2-45 _ 3, B= 0,5- 10-4, 


] 
1138 3. 


10-10. PACUET KOPOTKOXOJOBOM CHCTEMbI MEPEMEHHOPO TOKA 


PacueT CHCTeMbl COCTOHT H3 ABYX STANOB: MpesBapHTenbHOrO HU 
mpoBepoyHoro, PaccmMoTpHM pacueT CHCTeMbI, IpHBeqeHHOH Ha cpH- 
rype 10,5e. 

SaWaHHbIMH ABIAIOTCA CeMyollve BeHUHHBI: 

U,,— pa6ouee HanpsxKeHHe ceTH; HavabHad cua Q, HayabHbiit 
xO, — 68 —cCM, p@KHM paOOTHI KaTYLIKH. 

a) HpegsaputesbHbii pacuet. 1) Onpegensnior sHayenve B, no 
SKBUBaJICHTHOMY K. (pb. (cM. KpuBbie cur. 5, 5). 

2) Tlonb3syacb copmysoh (10-20), ycraHaBuBaioT OpHeHTHpoBOU- 
HOe 3HayeHHe o. | 

3) U3 dopmyan Q = 2,03. 108B:g onpeyeAIOoT CeyeHHe padouero 
BOSLyYWUHOrO 3a30pa. 

4) Ilorok B cucteme ® = B,qs Beep. 

5) Uncno BHTKOB KaTYLUIKA ONpemenserca 43 yCNOBHA NO YYeHHA 
npsoy es cHIbl Q npH HanpaAxKeHuH, paBHom 0,85U,,: 


V 2 - 0,85U,, 
Y= he (10-21) 
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6) Hpenpaputembuble pa3mMepbl cHCcTeMbI. CeyeHwe AKOpH MIpHHH- 
MaeTCA KBaspaTHbIM. SHayeHve HepaGouero 3a30pa 0,05 cm, TOMMMHA 
Hap y2KHOH 4aCTH ApMa IIPHHHMaeTCH PaBHOM NOJOBHHE LWHPHHbI AKOPA. 

BenwuHa BXOMKJe€HHA AKOPA B KaTYIUKY, B Ha¥aJIbHOM efo TIOJIO- 
XKeHHH, JOJKHAa GbITb He MeHbiwe !/3 WHHbI KATYIWKH, Takum 0Opa3om, 


Li on. 


TonulwHa HaMOTKH TIPHHHMaeTCA MpHOJH3HTeMbHO paBHOH UIMpIHe 
AKOPA. 

6) Hposepounpii pacuet. [1p npopezenuu mpopepounoro pacueta 
YTOUHAIOTCA BCe JlaHHbIe CHCTeMBI. 

1) TIpopogutcs pacueT KaTyLIKH— MO BbIYHCJIEHHOMY B MpegBa- 
DHTeJIbHOM pacueTe ONpedeAHOT AHaMeTp MpOBONOKH, dIeKTPH4eCKOe 
COMPOTHBJICHHE KaTYLUKH. 

2) YTOUHAIOTCA 3HaCCHHA KOSPPHUHEHTOB pacceAHHA. 

3) YTOUHAIOTCA 3HAYCHHA CHJIbI B Ha¥aJIbHOM NOJIOMKCHHH AKOPA. 

4) IIponogutca pacueT 9KpaHa, MpHMeHAemMoro JM ycTpaHeHHua 
BHOpawun (cM. riaBy 7). Bei6op sHayeHna MyJbCalluu NpHHuMaetca 
W3 yCNOBHA, YTOOb]! MHHHMAJIbHOe SHAYeHHE SJIeKTPOMArHHTHOH CHIBI 
B KOH@4HOM TOJIOKECHHH AKOPA ObwIO GouIbUIe MaKCHM4JIbHOH BeJIH- 
YHHbI MpOTHBOJeHCTBYIOUIeH CHIBI. 

5) BaruncadeTca 3HaveHve TOKa B KaTyilke: /,— Np OTIYIUleH- 
HOM H /,—Mp MmpuTaAHyTom skope (cm. ruiaBy 3). [pu Bbruncnenun 
HHAYKUMK B CTaJIM YUYHTbIBACTCA KOSPPHUHEHT 3aNOJIHeEHHA NakeTa 
2KeCTeH 


4a = Req. 


6) Onpenensetcnh TemMepatypa npeBbiuienua (cM. rlaBy 2). 
7) BoluncaseTCd cTeneHb HCNOb30BaHHA CHCTeMbI NO Karkymelics 
MOLHOCTH ; 
1—/» 
k= ra 
Suauenne &, B pallHOHaJIbHO CNPOeKTHpOBaHHbIX M@rHHTHbIX CHCTe- 
Max Nosyuyaetca nopasKka 0,85—0,9. 
Ecau mogyueHHble Mp pacueTe JaHHble He yMOBJIETBOpAIOT 3a]aH- 
HbIM YCJIOBHAM, MeHAIOT 3HaveHHe HHAyKUNH B, WH NpOBOAAT HOBBIIi 
BapHaHT pacueta, 


rJIABA ll 
BPEMS! CPABATbIBAHHSA IJIEKTPOMATHUTHBIX CHCTEM 


(1-1. KJIACCH®HKAWHSA NO BPEMEHH CPABATbIBAHHSA 


BpemeHeM cpa6aTbiBaHHa pesie CUHTAIOT TIPOZOJKHTeIbHOCTbh JeH- 
CTBHA OT MOMeHTa TMOAauH UMNyJIbCa Ha Cpa6aTbIBaHHe 2O MOMeHTa 
nowHoro ero cpaOaTpipanua. Pa3anuator: |) BpemaA cpa6aTpiBpaHHa Ha 
BKJIOUeHHe, mpoTeKaloujee C MOMeCHTa BKJIIOUCHHA KaTYLUKH 20 MO- 
MCHTa 3aMbIKaHHA HOpMaJIbHO OTKPbITbIX KOHTaKTOB; 2) BpeMA Cpa- 
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“~ 


OaTbIBaHHA Ha OTKIO“eHHe, MpoTeKalomjee C MOMeHTa OTKsIOUeHHA 
KaTYIUKH JO MOMeHTa 3aMbIKaHHA HOPMaJIbHO 3€MKHYTbIX KOHTAKTOB, 
Bpems ¢ cnaraetca u3 pByX yacteit: 

1) ¢,-—~ BPeMeHH, MpoTeKatoulero c MOMeHTa nogauH MMIly Jibca Ha 
KaTyWKy (Ha BKJNOUeHHe ee HJIH OTKJIO“eHHe) ZO MOMEHTa Havana 
ABYH2KEHHA AKOpS; : 

2) ta—BPeMeHH ABHXKeHHA AKOPA NO NoOMHOM ero ocTaHOBKH. 
Ilo BpeMeHH cpa6aTHBaHUA pa3zquualoT CJIeNyIOUlHe OCHOB- 
HbI€ Fpylnbl pevie: 

I) 6bictpogelicTBytoume ¢ = 0,003” -- 0,050"; 

2) OObIKHOBeHHbIe ¢ = 0,050" +- 0,15": 

3) 3aMeAJIeHHO jfelicrpyioume ¢ =0,25"” u 6onee. 

IIpupeyennan KulaccupuKkalluA ycOBHa H MpHHATAa 3necb u3 cac- 
Aylomux cooOpaxeHHii: mpH NnpoeKTHpoBaHHH aeKTpomarHuta 6e3 
yueTa BpemeHH ¢ nowyuawT ¢ nopsyka 0,05”-+-0,15”, T. e. o6nrKHo- 
BEHHOe pede; AIA CO3HaHHA ObICTpOReHCTBYIONMMX HH 3aMeqVleHHO 
RCHCTBYIOWUX pee NPHXOAMTCA MPYMeHATS CHelnanpube KOHCTpykK- 
MH HJIH CNeUHaJIbHbIe CX€MbI BKJHOYeHHA 3eKTpoMarHutos. Bpema 
CpaOaTbIBaHHH SNCKTPOMArHHTa 3aBHCHT OT KpaTHOCTH k IIpHJIO-KeH- 
HOrO K KaTylIKe Halps»KeHHA 
k=, 

Cp. MUH 
SaBOACKHe TapaHTufinble AaHHble M0 BpeMeHu ¢ OTHOCAT K onpejie- 
J@HHOMY 3HayeHHt0 FR (1,3-+ 3). 

Bubl 3aMelweHHo Jelicrsyrouyux pene. Takue pene moryr 6bITS 
HCHOJHEHbI C Pa3JIMYHbIMA BPeMeHHbIMH XapaKTepHCTHKaMH B (PyHK- 
WHH TOKa KaTyWikH ¢=/f(/) (dur. 11, 13): 

a) 34BHCHMAMA XapaktepucTuka; 6) He3aABHCHMAGM, B KOTO- 
pol BpeMA cpaOaTbIBaHHA He 3aBHCHT OT CHJbI TOKa B KaTYLIKe; 
B) OrpaHH4YeHHO 3a4BHCHMAA, B KOTOPOH HadambHad act 
ABMACTCA SABHCHMOH UM Jlanee NepeXOAUT B He3aBHCHMY\. 

MetToybi noayyeHHsa 3aMejieHHOrO jelicTBHA. CymecTByeT jBa 
OCHOBHbIX MeTOsa. 

YBeJIMYHBAIOT COCTABAIONLYIO ft, 34 CUeT yBEAHYeHHA NOCTOAHHOM 
BPeMCHH KOHTypa HJIK MOCpeACTBOM CrelHaJIbHbIX CxeM. Ha3onem 3Ty 
rpyiny pee C MArHHTHBIM AeMODHpOBaHHem. 

YReJHUMBAIOT COCTaBNAIOMyIO fo, WIA YerO MpHMeHAIOT pa3vnu- 
HbI€ BHAbI TOPMOKCHHA: MACJIAHbIe HIM BO3SAYWHbIe Aemndepbl, Bet- 
PAHKH HW Apyrve. Ha3opem aty rpymny pese c MeXAaHHYeCKUM 
ReMIdupopannem. 

B o6evx rpynmax peje spema ¢ Ha cpa6aTbIBaHwe oTsMuaerca 
OT BPeMeHH Ha OTIYCK; B pesie C MarHHTHbIM ZeMMpupoBaHHem, Kak 
MNpaBHJIO, CTPCMATCA YBeJIHYHTh ¢ Ha OTMYCK, a B pewe C MexaHH- 
YeCKHM JeMNdHpOBaHHeM — Ha cpaGaTbIBaHve. 
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1-2. BbIMMCJIEHHE BPEMEHH ¢, HA BKJHOUEHHE 


Bpema ¢, OmpewemseTca, B OCHOBHOM, BeJIMYHHOH MNOCTOAHHOK 
ppemenu 7 MarHHTHOH CHCTeMbI. OTO MOJIOAKEHHE CMpaBe/WIKBO AA 
ueneli nocronuHoro ToKa. B wenax mepemedHoro TOKa 3aKOH Hapa- 
cTaHHA TOKa pH BKJIOUeHHH HHAYKTHBHOH KaTYWIKH Ha HallpAKeHHe 
U =U, sinwt B MOMeHT, xapakTepH3yembiii aso $: 


i=l sin (wt +- ¢ + ¢) — sin (p— ¢) oe r| 


Takum o6pa30M, BpeMa HapacTaHHA TOKa OMpeAeAeTCA B AAHHOM 
cnyyae B OCHOBHOM (pa30li , H aMMIMTYAHOe SHaveHHe I MOCTH- 
raeTch MaKCHMyM 3a BpeMA NopxAAkKa YeTBepTH NepHOsa. Tloatomy 
yueT BpeMeHH ¢,, MpOH3BOMHTCA TOAbKO AIA CHCTEM NOCTOAHHOre 
TOoKa C KaTYWIKOH Mapa/lesbHOrO BKJIOUCHHA. B cucTemMax C KaTyl- 
KOll HOCM€MOBATEIbHOrO BKJIOUCHHA 3aKOH HapacTaHHA TOKa OTIpe- 
yleuneTca NapaMeTpaMH CHJIOBOH Well, a He peue. Hyoke paccmat- 
PHBaeTCA HECKOIbKO CX€M BKJIOYeHHA KaTyuleK H MNOKa3bIBaloTcs 
CMOCO6bI BhINHCJIGHHA BPeMEHH. 

a) OGbiyHOe BKNONeHHe KaTYUIKH. QakOH HapacTaHHA TOKAa 


t 
ey ee a r} oy 


IIpu pacueTe pevie yCTaHaBJHBaloT SHaveHHs: 
4 
[ =—; i— TOK cpaOaTbipaHun peste; / — NOcTOAHHaH BpeMeHH 


QJICKTPOMArHHTa; TIpH HasHYHH BOSAYUIHbIX 3a30pOB B MarHHuTHOH 
CHcTeMe HHAyKTHBHOCTD L onpexesseTcaA MpakTHYecKH TOJIBKO Mar- 
HUTHbIM COMPOTHBJICEHHEM BO3AYWHbIX 3a30POB. Torga 
| L . wa 
T = — = —~ reHpH, 
ric G—T0JIHaA MPpOBOAMMOCTb BCeX NyTel NOTOKAa M0 "BOSAY XY. 
V3 (11-1) nonyyaem 
l 





CeK. (11-2) 


Ymeupuenue ¢, AocTuraerca BBeseHveM MoOaBouHoro COLPOTHBWe- 
HUA 7, MOCMeOBATeMbHO C KaTYLIKOM pedie. 
Tora 
L 
T= —. 
r+ry 
Ilpumep. TpeOyeTca onpesxeuTb BpeMA f,, HA BKJIOYCHHE, 
Jlauupie sekTpomaruuta: | =0,08a; i= 0,06 a; r= 1000 om, 
w == 104; G= 33- 10-%. 


108. 33+ 10-8 0,08 


PEE ie re GREAT Se 53 oe ee . —3 
i= “000 Nos 0.06 45,5 - 1073 cex. 
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6) Hipumenenne sekTpomMarnHTHoro Jemndepa. Cxema ycrpolictBa 
4 KPHBbI€ NpHBeseHbl Ha *urype 11,1. Karymka / c wacnomM BHTKOB 
W, BKJOUaeTCA Ha HallpaxKeHHe CeTH, KaTyllika 2 C YHCJIOM BHTKOB 
W, 3A4MKHYTA HAKOPOTKO. _ 

MrHopeHHble 3HaveHHA TOKOB i, H ig OMpeAeAAIOTCH H3 cwlesyIO- 
WX WHdPepeHunabHblxX ypaBHeHHh: 


nit lt MS = Ce (11-3) 
Sal 


dis 


ot = 0. (11-4) 












VILMMMUMMUTT 1s 
WAIL RCUHNHAD 
TAY 
LPO CUETU DEE 





Mur. 11, 1. Cucrema c MarHuTHbIM yZemmbepom: 
@ -— 9CKH3; b — CXeMa 3aMelJeHHA; c ~ KpHBble F = F (t), 


BsaumounayktuBuocth M = kV L,L,, rae R— KOSPMHUHEHT 3VJIeK- 
TPOM@rHATHOH cBA3H. JA kK paHHux CJry4aeB: 

OTCYTCTBHe 9eKTpOMarHHTHOH cBa3su k =0, M=0; 

nomHadt Ccaasb—k=1, M=V LL. 
IIpH KOHUeRHTpHYHOH NocafKe oGeux KaTyleK — paG6oueli u pemndep- 
HOH k=0,95, npH pasyzeitbHOH mocamke Ha OOmjeM cepfeyHuKe 
k =0Q, 85 -:-0, 9. TlomHoe 3HayeHHe H. C. CHCTeMBI 


PG ‘ ie, . - We 
—_— 1,W, — leWo —— Wy (i pearc to %) . 


Pewienwe ypaspHeHwi (11-3) au (11-4) npxBogutca B yye6HHKax 
TEOPeTHUECKOH BICKTPOTeEXHHKH HM HMEIOT CJlIeMyIOWIHH BUHL: 


by = 19 + Lye?! + Ty2e?8"; (11-5) 
ig = Tye"! + Iyge™', (11-6) 


rie Py W Py— KOPHH XapaKTepHcTHYeCKOrO ypaBHeHHA. 

3aKOH MpoTeKaHHA TOKOB i, H ig 3aBHCHT OT 3HayeHHA Kosddu- 
WHEHTa SJIEKTPOMarHHTHOH CBA3H Rk H NOCTOMHHbIX BpeMeHH 7, H 74. 
Ip k=0, i, =0—nonyuaetca skcnOoHeHUManbHan nDeEee TOKa 
NpH OTCYTCTBHH Jemndepa (cM. NYHKTHD). 
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Bpema fy, Wid nowyueHHaA Tpe6yemoro 3HaveHHA TOKa cpadaTbl- 
BaHHA MowyyaeTcA MpH HaJIH4HH gemmdepa Ooupuie, vem ¢,,, 6e3 
memmpepa. 

B dopmynax (11-5) u (11-6) Bblpaxenua ana p, Hp, HMeIOT 
BeCbMa TFPOMO3AKHH BHA, BCJIEACTBHE Yero TepHeTCA BO3MO%KHOCTb 
aHaJIW3a C UeIbIO YCTAaHOBMeHHA BJIHAHHA OTJeJIbHbIX MapaMeTPoB Ha 
ppema ¢,. J. mpakTH¥eCKHX paC¥YeTOB MOXKHO MOb30BAaTBCA ypo- 


s Ww 
II@HHbIM M€TOJOM, pacCMaTpHBaH KPHBytO iy — ly KaK 9KCIOHEHTY 
1 
C MOCTOAHHOH BpeMeHH 


wG wG 
Trn=T,+T,=-+ +k. (11-7) 
ry l 
OnpexeiuB Tpe6yemoe 3HaveHHe TOKa i, — CpaOaTbIBaHHA, BbIMHCJAIOT 


I 
t, =T,lnp—. (11-8) 


c 


BuxpeBble TOK, HHAYKTHpyemMble B MepexoAHOM Mpoiecce B CTawH 
MarHHTOMpOBOsla, OKa3bIBalOT BJIMAHHe Ha 3aKOH HapacTaHuA U yObI- 
- BaHHA TOKA B KaTYlUKe. STO BJIMAHHe 3aMeTHO CKa3bIBaeTCA Mp Ha- 
JHMYHH MaCCHBHbIX MarHHTOMPOBOOB, BbITIOJIHCHHbIX H3 CTaJIH C OTHO- 
CHT@JIbHO MaJIbIM YJleJIbHbIM COMPOTHBJIeHHeM. YueT BAMAHHA CTaJM 
TIMOH3SBOAHTCH B pacueTaX B BHAe MOCTOMHHOH BpeMeHH T7',: CTaNb 
MarHUTOMpOBOAa PpaCcCMaTpHBaeTCAH KaK KOPOTKO3A8MKHYyTan KaTyulKa 
C OJHHM BHTKOM (cM. HHxKe). Takum oO6pa3om, B OOmleM Bue Mmpu- 
BeACHHaA MOCTOAHHaA BpeMeHH 7, MAPHHTHOH CHCTeMbI COCTOHT 3 
TpeX COCTABJAIOUIHX: 


To — 1; + ie + ‘es (11-9) 


11-3. BbIMHCJIEHHE BPEMEHH ;,, HA OTKJHOUEHHE 


Odujue nonoxKenna. IIpH OTKMO“eEHHH KAaTYWIKH SJIeKTPOMarHHTa 
TOK HCuesaeT TpaKTH4eCKH MPHOBeHHO, TaK KaK JWIHTeJIbHOCTb AyrH 
Ha KOHTaKTaX OTKJNOUAaIOlero ycTpolicTBa BecbMa Maa. TloTrok B 
MarHHTONpOBose TakKe Pe3KO CHHKaAeTCA MO 3HaYeHHA OCTATOUHOFO 
noTtoka. B vTaKkux cay4atx Bpema ¢, Ha OTKJIO“eHHE MpakTHuecKH 
Ne YUHTbIBAIOT. 

B TOM CJlyuae, @CJIH M@arHUTONpOBO BbINOJIHEH MACCHBHbIM, Mar- 
HATHAaA SHeEPruA CHCTeMbI Tp OTKJIOUCHHH KaTyLUKH COXpaHAeTcaA B 
II@pBbIM MOMeCHT H 3aTpauHBaeTCA 3aTeM Ha JKOYeBO Tellio, ompe- 
JeIACMO€ BUXPCBbIMH TOKAMH, HHAYKTHPYeMbIMH B CTaJIH. Sakon yObl- 
BaHHA BUXpeBbIX TOKOB OMpesesAeTCA NOCTOAHHOH BpemeHH 7. [lo- 
TOK CnaqaeT He MPHOBeHHO, 4 MeHACTCA B COOTBeETCTBHH C H3MeHe- 
HueM F = i,W,, onpewesieMOli BTOPHYHbIMH TOKaMH. B  paccmaTpH- 
BaeCMOH CHCTeEMe TIPHXOQHTCA YUHTHIBATb BeEMMYUHHY fy, Ha OTKIIOUeHHE. 
AnaJOorHuvad KapTuHa NosydaeTca Np HaJM4HH B CHCTeMe Aemndpu- 
pylouleH KaTyIUKH. 


188 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Jia ypeluuenua ¢, MpHMeHsior TakxKe CNeCWUHaJIbHbIe CX€MBI: 
IUYHTHPyIOT padouylo KaTYUIKy 9/IeKTPHYeCKHM CONPOTHBJIGHHeM, eM- 
KOCTBIO HIM BBIIIPAMHTCJIbHBIM BeHTHJIeM. IIpH npHmMeHeHuH TaKHX 
CX€M MarHHTHad SHeprua CHCTeMbI NepeXOAUT Noce MOMeHTAa OTKIIO- 
“CHHA KaTYWIKM OT CeTH B JXKOYJIeBO TelO, Onpesensemoe ToKamu 
B KaTylUKe, HaMarHHuMBaload Cua OlpeyzenseTca TOKOM iy: 
f= 1,Wy. . 

Sapucumoctp ® = f (F) nenunelinaa. Tlostomy sayayy BErancneHua 
f, peluaioT rpawyecku wu aHanMTHUeCKH, Cc JIMHeapH3salven KpuBoli 
pa3MarHHuMBaHHa., De 






— eee ee oe ep ee . 





Pl 
Fake tFultFp 





. ry low Ln W b, W, 
Mur. 11, 2. JIuneapu3anna KPHBOH Pur. 11, 3. [po6uaa JIHHeapH3alun 
Pa3MarHHunBanna. ; KPHBOH. 


J\annble Ana pacueta. Bpema ¢, Ha oTKsoueHHe onpeseiserca 
BPeMeHeM CiaaHWA NOTOKa OT BeMYHHb! P, —noToKa B pa6ouem 
Sa30pe MpH NPHTAHYTOM AKOpe, 20 ©, — noToKa OTflycKa, pH KOTO- 
POM SJICKTPOMarHHTHaA CHJIa Q, CTaHOBHTCA MeHbILIe NpOTHBOselcT- 
BytoujeH, MexaHHyeckol cub Q,. 

IIpy npopegzenun pacueta TpeOyeTca CTPOHTh KpMBy!0 pa3Maruu- 
WHBaHHA CHCTembr ((pur. 11, 2) 


D = f(F,-+ Fut Fy). 


IloHomMy 3HaueHHIO H. C., NOTyualoleMycA Mp Hanpsaxenun U,, 
COOTBETCTByeT NOTOK 4; TOKy oTHycKa i, —noTOK Po; 3HayeHHe 
OCTaTOUHOrO NOTOKa B CHCTeMe — Doom. 

Jd aHanuTHyecKoro peweHua 3anauH JMHeaPH3HPylOT KpuByto 
PaSMarHHYMBaHHA, AIA YerO MPOBOAAT MpAMyloO mn Tak, ¥TO6LI I0- 
ianka A 6blla paBHa naomanKe B. 

YpaBHeHHve KpuBOH pa3MarHHuMBaHHA B 3TOM cJly uae: 


P = Doom + iw tga. (11-9) 
Ana HacbuleHHbIX CHCTeM NpHMeHsIOT Apoouy!o MMHeapusaymio (cur. 


11, 3). 
Suavenve Dy onpesensetca u3 ycnosna 


gp = 
24 = Qn = 4,06 - 10°—* (10-10); 60) oe. (11-11) 
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Benuguna Q, MOxkeT ObITh perysHpyeMa H3MeHCHHeEM HaTAKeHHA 
Tp y*KHHbI. 
Bpema ¢, Mp HaJIMYHH LIyHTMpyroulerO COMPOTHBUICHHA. IIpu 
OTKJIOUCHHY KaTYUIKH OT CeTH TOK KaTYIUKH NpofsosKaeT WHPKyIH- 
poBaTb B KOHType: KaTyllika — COMPOTHBVJICHHE R 
—-~l,W, R x (cur. 11, 4). 
VicxogHoe ypaBHeHie 





; i(R. + R) + wy =0. (11-12) 
Murerpupya (11-12), nomyaaem 
+ = 5 
> dP 
ur. 11, 4. Cxema pee |. 11-13 
Tani poaaaea Rate Sa ( ) 
pa6ouel KaTYIUKH. D, 


Jina yno6cTBa pacueTa ypaBHeHHe (11-13) 
lipeo6pasyem Tak: 





@D 
w? dp 
ome ee a (11-14) 
®, 
M3 (11-9) 
db = tgad (iw) (11-15) 
3 (11-14) (11-15) | 
wt (d (iw) 
n= RR ee | iw’ 
HJ 
eee 4 | : 
t= aR tealn?. (11-16) 


L3Mecusaal HaTAXKeHHe MpyKHIIbl, T. €., MCHAA 3HageHHe Qy, a BMeCTe 
c tem ®, u ig, NOMyUaIOT PasMHIHbIe 3HAYeHHA fy. ITO BPEMA MOKET 
ObITb H3MCHEHO peryJIHPOBaHHeM BeJIH- * p 


YHHbI UIYHTHpylollero COMpPOTHBJICHHA. , 
Bpema ¢, MpH HawHYHH MarHuTHOrO WELLE 
pene icea 
WYlll;t 


nemndepa. MarnuntTupit gemidep MOxKeT 
ObITb BbIMNOJIHeEH B BUG KOPOTKO3aMKHy- 

Mur. 11,5. Marsutusi 

jemnbep. 






Toit KaTywKu. TIpaxtusecxu gemndep 
BbINOMHAIOT B BUe PHsb3bl, HaCaxKeHHOM 
Ha cepgeynuk. Uncno BUTKOB Jemmpepa 
Wa = 1 (pur. 11, 5); snekTpuyecKoe Compo- 
THBJICHHE in 
H + 6 —$3 ’ a 
P= ot op. . (il 17) 
B MOMeHT OTKIOUeHHA paOoueH KaTYLIKH OT CeTH B jemndepe HHALYKS ° 
THpyeTcaA TOK, BCJIMYHHa KOTOPOrO 3aBHCHT OT SHayCHHn KoappH- 
WMeHTa QIeKTPOMarHuTHOH CBA3u AR. 
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Eclu NpHHATh We = 1, TO 


ig = kiw. (11-18) 
Bpema ¢t, MOKeT 6bITb BbIUHCHeEHO v3 (11-16) mogcTaHoBKo# jaHHBEIx 
memngepa: 
t, = Ltgain™, (11-19) 
to 


CTpovTcA KpHBah 3aBHcuMmocTau ¢,, OT Py (pur. 11,6). Mpw ®.=Doom. 
BPeMA f4 CTaHOBHTCA PaBHbIM GeCKOHeYHOCTH, TO COOTBETCTBYeT 3a- 
JMN@aHwiIo AKOpA. YuntTpipan | 
Pa3JIH4YHbIe = OTKIOHEHHA OT 
PpaCcueTHBIX JaHHbIX, NoOJyyar- 
IMeCA IPH H3rOTOBJeHHH pee, 
NPHHHMalIoT Tp pacyeTax kKo- 
SippulveHT sanaca nopagka 
13--1,4, tT. e. mMakcumMasp- 
HO€ pacueTHoe Bpema ¢,, TIpH- 
HHMaioT H3 ycaoBHA DP, = 





=r 1,3 ’ ocme 
B dopmyne (11-19) He 
YWHTHIBAeTCAH BIMAHHE BHXpe- Pur. Il, &. Kpnpnie ¢ = f (®): 


1 —6e3 ccaxkaBalouleh KaTymKH; 2—co ccaxn- 


BbIX TOKOB, HHAYKTHPyeMblx B BalouleH KaTyUIKOH, 


MOMEHT OTKJIOYCHHA KaTYIUKH 

B CTaH MarHHTONpoOBoga. STH TOKH HECKOJIBKO YBeHYUBAIOT BpeMa fy. 
Kak yka3biBaslocb Bbillle, AIA pacueTa CHIbHO HaCBILIeHHLIX CHCTeM 

PallHOHaJIbHO MpHMeHHTb ApOOHy!o AMHeapH3auuio, B jaHHoM cuy4ae 


1 i ki 
= 2 (tga In? + tga, in #4), (11-20) 

0 n 
Cuctema c MarHuTHbIM Jemmepom u CCaKHBalolleh KaTylliKol. 
aa ypesnuuenusa ¢,, MarHuTHyto CHCTeMy CHaOKaloT, MOMHMO Jemn- 






SYM: 


TUCDOIANT TEN DALEL AMEE AOE 
TUPEDCUATRUUAT ESO ENatT OD 


SZ 









be We 
ur. 11, 7, Cuctrema ¢ nemmbepom n ccaxupatometi KaTYLIKOA. 


cepa, eme JononnHuTerDHOL KaTylKOM, BKJO“aeMOM TAK, 4TO H. Cc. 
STOH KaTYyWIKH JeHCTByeT npoTuB pa6ouelt (pur. 11, 7a). 
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Takne KaTYWKH Ha3bIBaloT CCa2KHBalOWMMH. Teiictaue ccaxKHBal0- 
tell KATYLUKH NOACHAeTCA KpHBOH, uz06paxeHHon Ha cpurype 11,7: 
B HaCbILeHHOH CHCTeMe TIpH HaJWuHu OTPHUATeIbHOH H. C., 1.W,— 
CCaxKHBAaIOMell KATYIUKH, BeJIH4UHHAa NOTOKA @, pH ToKe t, YMeHb- 
WaeTCA HeC3HAUHTe/IbHO; 3HAYHTe/IbHO BAMANHE 1, Ha BeEAMYAHY OCTA- 
TOUHOrO NOTOKa, KOTODbIli CHH2KaeTCA OT Porm HO Pim. baarolapa 
9TOMY MO2KHO CHH2KaTb BeJIHYHHY Py NO 1,3--1,4 Poem, YTO MO3BO- 
jieT YB@JIMYMBATb BPeMA fy ocma6vleHHeM MpyHHbl. CpaBHHTeJIbiible 
XapaKkTepHCTHKH: KPHBbIe t= f(®) npuBezenbl Ha curype 11,6. 

IlyHTHpoBaHHe KaTyUIKH EMKOCThW. B mpakTHkKe 
BcTpeuatoTcn CXeMbI, re KaTylka d/IeKTPpOMarHiTa IWYHTHpyercn 
emKocTbio (cur. 11,8). TlocaeqopatTebHO C €MKOCTbIO peKOMeHAyeTca 
CTaBHTb 9JIcKTpHYeCKOe CONPOTHBJeEHHE R, Hwa3HaveHHe KOTOpOroO: 

1) yMeHbIUaTb BeEMMYHHY S3apsAHOrO TOKAa MPH BKAIIO- 

Uw, L, Rx yeHHH KOHTakTa K; 2) yCTpaHATb BOSMO2KHOCTb BO3- 
HHKHOBCHHA KOJIe6aTeIbHbIX ‘TipoweccOB B MOMEHT 
oTKmoueHHa KoHTakTa K. HasHayeHve WWYyHTHpyio- 
mero KOHTypa — H3Me€HHTb BpeMA 7, Ha OTIYCK. 

B 3aBHCHMOCTH OT COOTHOLWeHHA MapaMeTpos Lenk 

y—-(R+R,)—C nomyyaetca KONeOaTeIbHbIN HH 
Pitas ll, 8. allepHOAMYeCKHI! Mpowecc 3aTyXaHHA TOKa KaTylKH, 
ee a EE B cucreMaX c MaCCHBHbIM MarHHTOMpoBojoM, rie 

SAeT BIC: H3-3€ BUXpeBbIX TOKOB, HHAyKTHPyeMbIX B CTaJIH, 

nonyyaeTcA SHAUHTebHOe BpeMA fy, now6npatrort 
flapaMeTpbl KOHTypa Tak, ¥TOObI NoAyIMACH KONeO6aTeJIbHbI Mpouecc, 
uTO MIPHBOLUT K YMeCHBILeHHIO BpeMeHH 7,. 

B apyrux calysaix, rae Tpe6yetca yBesuyeHHe f, Ha OTNYCK, 
nowOvpaioT MapaMeTpbl KOHTypa JWI NoMyYeHHA amepHoAMdeckoro 
npolecca. 

YpaBHeHHe NepexofHoro mpollecca 





(ERELe +41 \idt =o. (11-21) 


Meroa onpenesenua L cM. B raaBe 3. 
Tiuddbepenuupys (11-21) no 7, HMeem 


ai di 
bE + (Ret RVG + =O. (11-22) 
XapakTepHcTHyeckoe ypaBHeHHe 


LP? + (Rx-+ R)P +2 =0; 


Rae, Day et 
Pye tt ZV Ret RPA (11-23) 
Tepexogubiii npowecc 3aBHCHT oT napameTpos yen, PaccMoTpHM Apa 
clyyaa: 
1) (R. + RPS PO. 
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Q603HauuM 


Tora 
Py=—o-+; P,y=—o—p, 


i= e—% { Ayer! + Apert}, (11-24) 


r Ilonyyaerca anepuognuecknis npouece (pur. 11,9). Mocrosuupie 
1 H A, onpegennior 43 HayanbHblx yCJIOBHH, 


2) (Ret R= <0; Py =—o + Jo; Py = —0— fp; 
i= et { A,e’et -} A,e—/?t}, (11-24a) 





Mur. 11, 9. Tpabux ana pemnenenua BpemeHH. 


Tlonyyaetca Kone6aTesbupiii nponece (pur. 11,9). pu ssraucae- 
HHH ¢,, HEOOXOAHMO NOCTPOHTb KpHByIO iw = f(t). Ha stom xe rpa- 
(buke CTpoHTcA KPHBad pa3sMarHH4HBanna, COOTBETCTBYIOIaA 3aMK- 
HYTOMY COCTOAHHIO MarHHTHOH cucTembl (pur. 11,9). Baraucanetca 
NOTOK ®y—oTMycka AkKOpa u rpaduyeckHn onpeyeiaetca Bpema t,,. 


11-4. BBINHCJIEHHE BPEMEHH JBYDKEHHS 


OcHoBHbiIe ypaBHenua. 
1) Ypaenenue saekmpuueckozo paexosecua: 


U = ir (11-25) 


B mpotecce (BH2KeHHA AKOPA MeHAIOT CBO 3HayeHUA KaK HHJLYK- 
THBHOCTb cHcTeMbi £, TaK HW TOK KaTyUIKH i. Tlostomy 


dp = Ldi + idk. (a). 
M3 (11-25) u (a) 


Usir+ ie 4 . al, dx 


di . aL dx 
i—— = {pr —. — — 
deg hg lag 
H3 (11-26) BHAHO, YTO B Mpolecce ABHKeHHA AKOPA BOSHHKaeT JoO- 
OaBouHad NpoTHBoselicTBylomad 9. 2. c., NpOnOpuHOHabHad CKO- 


(11-26) 
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pocTtH V — ABHKeHHA. Ilostomy 3Ha¥eHHe TOKa B MepeXOQHOM Ipo- 
necce H€ TOJIbKO He yBeMUHBaeTCA, Kak 9TO MMesIO Obl MeCTO MPH 
HeNOABYU2XKHOM AKope, HO YMeHbINaeTCA. 

Ha gurype 11,10 npusefena ocuHsorpaMMa W3MeHeHHA TOK, 
Jlo Hauajia ABH2KeHHA AKOPA 3HaYeHHE TOKAa H3SMeHAeTCA NO 9KCIIO- 
HeHte /, C MOCTOAHHOH BpeMe- 
HH T,, COOTBeETCTBYIOLEH Ppa3sOMK- 
HYTOMY COCTOAHHIO Mar HHuTHOH 
CHCTeMBI. 

Ilo ucteyenuu BpemeHH ft, Ha- 
yvHaeTcA ABHKeHHE AKOPA (TOU- 
Ka a). [IpH 9TOM TOK KaTYUIKH, 
HeCKOJbKO TOBbILNAACh BHaualie, 
namaeT B flavibHeliuem. Touxe (0) 
KpHBOH 2 COOTBeTCTByeT NMOJIHOE 


if 





ith oS 
ae! Bpema cpadaTbiBanua. [locate 
ur. 11, 10. Ocuuanorpamma ToKa OCTAHOBKH AKOpA 3HaveHHe TOKa 
pW BKJIOYeHHA KaTyWUKH, U3MeHHAeTCH mo 9KCMOHeHTe 2, 


© nocTOoAHHOH BpemMeHH Ty, CO- 
OTBETCTBYIOINeH 34MKHYTOMYy COCTOHHUIO MarHHTHOH CHCTeMBI. 
2) Vpaenenue mexaHuxeckozo paenoeecun. 


Q, = Qn + Qu -- Qs - Q ng (1 1-27) 
Ms = Mn+ Mu + Mo + Mun. ~ (11-28) 


Snecb Qn, Mn—3Ha4eHHe CHJIbI H MOMeHTA IipOTHBODeHCTBYIO- 
| IHX YCTPOHCTB; 
Q,, M,,—3HaueHHA HHEpUHOHHBIX CH H MOMCHTOB, 
a, Ma—3HaueHHa CHJI WH MOMCHTOB, CO3JaHHbIX jemMncu- 
pylOUlHMH yCTpOHCTBaMH; 
Qmp» Mmp—CHJbl H MOMeHTbI TDeHHA. 


8) Ypaenenue cuAot Q, == 4,06 - 108 = : 
4)3nauenue nomoxa P= P(F). (11-29) 


Jiunamuyueckan TATOBAaA XapaKkTepHCTHKa. Taropas XapakTepH- 
cTHKa, NocTpoeHHad 6e3 yyeTa AHHAaMHKH JBHOKEHHA AKOPA, Ha3bl- 
paerca CTATHUeCKOM. TakHwe XapaKTepHCTHKH paCCMaTPHBaJIHCb 
B MpeAbIMyWHxX riaBax. 

[IpH yyeTe HHeEpUHOHHBIX CH ABHOKeHHA, a TakxKe HSMeHCHHA 
CHib! TOKa B Mpouecce ABHKeHHA MoONyyawoT ANYHAMUTECK yo 
xapaktepuctuky. IIpu Oombiwinx CKOpOCTAX ABWXKEHHA AKOPA o6e Xa- 
PakTePHCTHKH 3HAYHTEJbHO OTJIMGAIOTCA NO CBOHM JaHHbIM. 

Merogpt pacueta. YpasHenua (11-26), (11-27) wu (11-29) — 
HeNMHeliHbie, BCNeAcTBHe Yero aHasIMTHYeCKOe pelleHwe 3afaul He 
lpeactapasetca BO3MOxKHbIM. TlosTOMy AAA BbINHCIEHHA BpemeHH fa 
omb3yloTcA MeTOaMH TpacHyueckoro HJM GHCAEHHOrO HHTEPPHPOBae 
HHUA, HMeloTCA TakKe NpHOJHKeHHbIe AaHAaHTHYeCKHE METOAbI Ipu 
PAaCCMOTPeHHH yKa3aHHbIX M€TOJOB MO2XKHO OTMETHTb cleayroulee. 
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1) Merontt aHcnenHoro HHTerpHpoBaHHA TpOMO3AKH HU MPH pe: 
IWeHHH 3afauH HE BLIABJIACTCA BJIHAHHE OTJCbHbIX NapaMeTpOB Ha 
BpeMal fo. 

2) [Ipu6nmxeHHble aHasIMTHYeCKHe METOAbI NMOCTpOeHbI Ha pxAze 
yonyumenHi. Tak, B STHX MeTOfMax He YUHTbIBAeTCA H3MeHeHHe Mase- 
HHA MAarHHTHOrO NOTeHLHaa B CTaJIH MO XOAy AKOpA, KOTOPOE (pak- 
THYeCKH MeHAeTCA B GONbWHX Npefenax — oT 0,1--0,2F no 0,6-+ 
—--0,8)F. Jlanee, 3HayeHve NpOTHBOAeHCTBYIOUINX CH NpHHuMaeTCA 
MOCTOAHHBIM MO XOAyY AKOPA HIM >Ke. MeHAIOWMMCA JHHeHHO. Mexazy 
TeM, B KOHCTPyKUHAX pene OHH MeHAIOTCA cTyneHyaToO. Tlonyyennpie 
B MpHOWKeHHDIX AHAJHTHYECKHX MeTOJaX COOTHOLUEHHA Take rpo- 
MO3J.KH H He MOKa3bIBalOT CBA3H_MexKAy BpemMeHeM ¢g HW NapamMeTpamu 
MarHHTHOH CHCTeMBI. 

Tlonb3yAcb yKaSaHHbIMH MeTO{aMH, MOXHO C HEKOTOPOH TOYHOCTbIO 
yCTaHOBHTb ByeMA fa AJA TOTOBOM MOfeH deKTpoMarHHTa. B 3a- 
BOACKHX yCuIOBHAX 9Ta Sayada TOWHee pelliaeTCA 9KCHeEPHMeHTAaJIbHbIM 
nlyTeM. 5 
Tipu npoekTHpoBaHHu Ke CHCTeMbI HEOOXOAMMO ONpenesUTh BpeMA 
fo, ECM He TOWHO, TO XOTA Obl NMOps#AOK 3TOrO BpemeHH. OgHako npu 
3TOM B paCNOpsAskKeHHH KOHCTpyKTOpa JOJDKHbI ObITb MpOcTble coorT- 
HOWeCHHA, NOKASbIBaOWHe, KaK HAO H3MCHATb MapaMeTpb! CHCTeMBbI 
AIA NOJyYeHHH TpeOyemoro BpemeHH fta. TakomMy ycJIOBHIO He yJOB- 
NeTBOPAIOT COOTBETCTBYIOLIHe MeTOAbI rpadbwyuecKoro HHTerpupoBaHHA 
HM yMpOUWeHHble aHaJIMTHYeCKHe, NOSTOMY NMpakTHyeckoe 3HaYeHHE UX 
HEBEJIHKO. | 

YnpoweHHb rpado-anamnTHyecKHi MeToX. B npakTHKe mowb- 
3YHOTCA YNPOULeCHHBIM MeTONOM C HCMOJb3OBaHHeM CTaTHYeCKOM TATO< 
BOH xXapaktTepucTukH. IlpH npHmMeHeHHH 93TOrO MeTOZa MoOy4aeTcA 
oumH6ka nopsgka 30—50%, Tak kak He yYHTbIBaeTCA BJIMAHHE BCeX 
(PakTOpoB AMHAMHKH Mpouecca. Oxnnako MpocTple COOTHOUIeHHA, f0- 
JlyuaeMble Np 3STOM MeTOAe, NO3BOJIAIOT YCTAHOBHTb BJIMAHHeE OCHOB- 
HbIX MapaMeTPpOB MarHHTHOH CHCTeMbI Ha BpeMsA fg, ITO BadKHO 3HATb 
pH NMpoekTHpopanun. PaccmoTpHM Ba calyuas. 

1) Maenumnaan cucmema ne cnabocena mexanuseckum Oemnqepom. 
B stom cayyae MpexeOperaioT sHayeHHAMH Qo, a-TakxKe Qmy. Torga 


(11-27) 6yzer | 
Qs —T Qn = Qu: 
d?x 


qa Tae m— Macca NOABHKHOH CHCTeMbI, x— 
MepeMeHHbIM XO AKOpA, Nosysaem: | 


YuantBan, To Q, =m 


Qs—Qr =m, (11-30) 
Orciogza 
fo = ne ; (11-31) 
Ilo aHanoruu HuMeeM ' 
= V wor: (11-32) 
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SuHauenua Q,—Qn, a Takxe M,—M, npuunmalotca Kak cpeqHee 
mo xOly AKOpA. 
IlocTpoHB MeXaHHyecky!lO H 3eKTPOMarHHTHY!IO XapakTepHCTHKH 
(pur. 11, 11), HaxoMAT BeHYMHY 3alITpHXOBaHHOK nvomagKy S. 
Toryja | 
P Qs wee Oe a oa . 


0 


M3 (11-31) uw rpaduka, mpuBegennoro Ha durype 11,11, Bago, 
KaK HaO MCHATb TapaMeTpbl CHCTeMbI: Maccy, Xog, 3HaueHHe H. Cc. F, 
XapakTep TArOBOH XapakTepHcTHKH, 
Wk nosyyieHHA Tpe6yemoro-§ Bpeme- 
HH fo. 

2) Maexumnan cucmema cnhabocera 
Mexanuueckum Ocmndepom. YcKkopeHuA 
AKOPA MOMyuaIOTCA B TaKHX CHCTeMax 
He3HauHTevIbHbIMH. Tlostomy mpuHHu- 
maioT Q,, = 0. [Ipene6peraa Tak2xKe Qin, 





nowyyaem 
Q, = ap at Qa. 

Hemndupyromiand CHJla NponopiuMoHaJb- 
@ur. 11, 11. pack. Ha kosdpHUneHTy emMndupoBaHuA Ra 

HM CKOPOCTH JIBH2KeHHA: 

dx dx x 
Qo = ka a; Qs — Qn = hoa s fo= kop —@ (11-33) 

Ilo aHanoruu uMeem 
, a 

fo = koa (11-34) 


Mopmyub (11-33) u (11-34) gator oTHocuTesbHO TOUHOe peleHne 
3aauv, TaK KaK Mp MaJIOH CKOPOCTH ABHAKeHHA AKOPA CTaTHYeCKaA 
XapakTepHCTHKa QIEKTPOMarHHTa He3HAYHTe/bHO OTMMUAeTCA OT AH 
HaMH4eCKOH. 


11-5. BONPOCbI MPOEKTHPOBAHHA BbhICTPOJEACTBYIOWHX 
CHCTEM 


K ObicTponelcCTBYIOWLHM OTHOCAT pele, BpeMA CpabaTbIBaHHA KO- 
TOpbIX NMosyyaetca NopsxaKa 0,003 —0,05 cex, MpHyem 9TO Bpema 
OTHOCAT K OMpedeeHHOH KpaTHOCTH TOKa KaTyuIKH 1,3 +3/y. 
[Ip mpoekTHpoBaHuH TaKHX pesle HeEOOXOAHMO NPHHHMaTb oOcobple 
Mepbl JIA CHHAKeCHHA COCTABJAIOUNHX ty, H ty BpeMeHH CpaOaTbIBaHHA. 
TlonHoe Bpema 


er 


I 2 
t=tytto=Tinp gt VW (11-35) 


M3 (11-35) Hameyatotca pekKOoMeHaHWH NO CHHWXKeEHHIO BpeMeHH fo. 
1) TlocroanHaad spemenu JT fowKHAa GObITb MHHHMadbHOK. Ja 
3TOTO M@FHHTOMpOBOA BbINOJIHAIOT HE CMVIOLUHbIM, @ LIMXTOB@HHbIM, 
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Ollaroqapa YeMy yMeHblaeTca BAMAHHE BUXPEBbIX TOKOB. KartyiKa 
BBITIOJIHACTCA C MHHHM@JIbHO BO3MOMKHBIMH raOapuTamu; mnocvieqoBa- 
TeVIbHO C KaTYIIKOH HHOra CTaBAT jo6aBouHoe SJIEKTPHYeCKOe Co- 
NPOTHBJIeHHe. 

B Tex cayyaax, Korga umeetcs KOHTaKTHaA CHCTeMa OosbIUOlt 
PaSpbIBHOH MOULHOCTH, MarHHTONpoBog jesaior C]BOCHHbIM, Ovlaro- 
Hapa YeMy NOCTOAHHaA T 3HayHTeIbHO yMeHbuaeTCa. 

2) Crpematea kK YMCHBINCHHIO TOKa Cpa6aTbIBaHHa i,, AA 3TOFO 
HHAYKUHIO B CTaJIH NIpwHUMarIoT H€SHAauHTeJIbHOH, Nopadka (0,2 — 
0,3) 10~4, BElGuparor MaTepHadl MarHHTONpoBoga C G6OJIbUIMM 3Ha4e- 
HH€M MarHHTHOH MpOHHWaeMOCTH pH cabot HanpAXKeHHOCTH NOs, 
Hanpumep NepMasvioli. 

3) Crpematca K yBeMy4eHuio 3HayeHHA ToKa [ , pezebHad BewH- 
4HHa KOTOpOrO OlpeeiAeTCA TeNJIOBbIM pexKHMOM KaTYLIKH. 

4) Akopb BbINOJHAIOT Tak, YTOOBI OH HMeJI BO3MO2KHO MEHDbILYIO 
Maccy. OHaKO 4pesMepHo yMeHBIlaTh ceyenye AKOPA He peKOMeH- 
AyeTcd, Tak Kak MPH 39TOM MOET NoNyyaTecA HacbIWeHHe ero. 

0) Benmmunna xoga akopa x, ua yria ero NoBopota a, NpHHu- 
MaeTCH MMHHMaJIbHOH. B HeKOTOpbIX HCNOMHEHHAX X = 0,2--0,3 um. 

6) SHauyenne NpOTHBOReHcTBYyIOMIeli CHJIbI Qn DOMKHO ObITh BO3- 
MOXKHO M@HbIIMM. Tlostomy ObIcTpofelicTs yromHne pee CHaOKaroTca 
MaJIOMOLLHbIMH KOHTAKTaMH. 

7) SHaunTesbHOe yMeHbueHve BPe€MeHH CpaOaTbIBaHHA Nomyyaerca 
IPH NpHMeHeEHHH NOCTOAHHBIX MarHHTOB (cM. riapy 13). 


11-6. BONPOCbI MPOEKTHPOBAHHA CHCTEM C MATHHTHBIM 
AEMM®HPOBAHHEM 


+ 


Mcnonnenna. Jina nonyyenua sameqnennoro CpaOaTbiBaHHa mpu- 
MCHAIOT B OCHOBHOM CHCTeMbI c Jemndupyrouteli KaTyYWKOH. B taxux 
CHCTeMaX TlOJyuaeTCA BbIJepKKa BpeMeHH Kak Ha CpadaTbiBannue, 
Tak H Ha oTnyck. Bpems ¢, Ha cpaOarTbiBaHne 3HayMTenBHO MeHbILIe, 
dem Ha OTNyck. Onpesennetca sro Tem, uTo NpH Pa3OMKHYTOM AKOpe 
HHAYKTHBHOCTb KaTYWKH B HeECKOJbKO pa3 MeHbille, ueM np mpu- 
TAHYTOM. Bpema ¢, Ha cpa6aTbiBaHHe HENOCTOAHHO HW KOwIe6uleTCA 
pH HSMeHeHHAX HanpsKenusA sceru. Tlostomy B cxemax ynpaBnenua 
IEKTPOMPHBOAaMH, Fe pee c MarHuTHBM TemMnidbepom WHpoKo npu- 
MCHACTCH, COCTABAIOT CXeMbI yIIpaBJeHHA Tak, YTOOBI HCIOJIb30BaTb 
BLIMEPAKKY BPCMCHH TOJbKO Ha OTIIYCK AKODpA. 

IIpu npoekTupopanuy cxem Tee yMpaBseHHA YUHTHIBAIOT UH Bpema ¢,, 
Ha CpaOaTbiBanHe, a HHOra axe HCnOMHSIOT CNeUHaJIbHbIe CXeMbI 
AJIA yBeJIM4eHHA ero. 

B npaktuke Halwa npamenenne ABe CepHy pene. 

1) Cepua konopbix pene. ft, Ha cpaOatThiBanHe 0,015 —0,32 cex: 
Ha oTnyck — 0,013 — 1,2 cex. 

2) Cepusa neppuyHpix peste yupaBseHua. Ota cepua uMmeer G6osee 
MOUUHbIe KOHTAKTEL, Y€M CepHA KOOBbIX peste. Bpema ¢, Ha ot- 
nycK —0,3—3,5 cex. VWmerrtca HCNOJHEHHA C 6OJIbILLUMH radapu- 
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TaMH, B KOTOpBIX BpeMA f, Ha OTMyCK MOET 6bITb NoyyeHO 10- 
panka 10—15 cex. Pene c MarHHTHBIM yemmbepoM MOxkKeT ObITb 
BK IOUCHO Ha Wellb NepeMeHHOrO TOKa Yepes BBINPAMHTCWIb, peKOMeH- 
qyeTcad TipHMeHATh ABYXNOMYMepHOAHOS BbITIPAMJIGHHE. 

Pa6ouan KaTyuiKa. B peste o6bimHoro HCNOJHeHH® pacueT KaTylIKH 
MpoBOAAT Tak, 4TOObI pH HanpaxeHun U=0,80U, nodyyasoce 
sHaueHve H. C., MOCTaTOUHOe AJA MpHTAKeHHA 
akopa. B pele ¢ MarHHTHbIM memndepom pacuet 
KaTYIUKH MpOBOAAT H3 yCJIOBAA NomydeHHA HeOo6- 
XOLHMOrO 3Ha4eHHA H. C. npHU = 0,5+0,6 Uy; 
pH 3TOM MOsyyalOTCA MOBbILLICHHEIe 3HaueHHA 
loTOKa Tp HOMHHaJIbHOM HaNps2KeHHH B 3aMK- 
HYTOM COCTOAHHH CHCTEMBI. 

Jlemncbep BbinomHAeTCA B BUTE THJIbSb, Ha- 
caxkHBaeMol Ha cepgeuHHk. MetoTcs HCTIOJIHE- 
HMA B BUse HaGopa waf6. Kak npaButo, AeMMl- 
(pep HcNlomHAeTcA H3 MedH. B HeKOTOpbIX CJy- 
Wanx, Kora TpeOyeTcA MOHWKEHHOE 3HaveHHe buy 
NpHMeHAIOT aJIOMUHHH. Takoe wcmoHeHHe He 
jlonyckaeTca B TOM CJlyuae, eCJIH pede pa6oTaeT 
B yCTaHOBKe, Pe BO3MOXKHO NOABJEHHE Le JIOY- 
HbIX NapoB HM rasoB. 

PasmemenHe ooOmoToK. IIpumenseTcaA Ba 

bur. 11, 12, ‘Padme Cnoco6a pa3MmelileHHsA OOMOTOK. 
enue KaTylwkH ow 1) Pa6ouan KaTywkKa 4H nemndep pacmoio- 
jemne pa. XKeHbI Ha CepMeyHHKe pa3eJIbHO (pur. 11, 12), 
MecToniosowKeHve femmepa Ha cepfedHHKe HPu- 
HMMaeTCH pa3sJIMuEbiIM: O6nWwKe K AKOpIO— y pa6overo 3a30pa — 
ucnouHeHve 6, HAM y OCHOBAaHMA CepledHHKa — HCNOJHCHHE c. B caly- 
uae ucnonneHua b NomyuaeTcA yBeJIHYeHHOe 3HANeHHe ft, Ha cpa6a- 
ThIBaHNe, B Clly4¥ae C—Ha oTNycK. PaszembHoe pasMellleHie TIpHHATO 
B KOJOBbIX pee. 

2) O6e KaTyWIKH pacnosoxKeHbl KOHIEHTPHAHO- HenocpeACTBeH- 
HO Ha cepgeawHuKe —Aemndep, NoBepx Hero — pa6ouan KaTyllKa 
(pur. 11, 12a) pu takom pa3smenlenul KaTyllek, [pHMeHAeMOM B 
KOHCTPyKUMAX pee yNpaBlenuA, NosyuaeTes 6olplulee 3SHATeHHe 
KoapPHUNeHTAa B/ICKTPOMArHHTHOM CBA3H k, uTO IpHBOAUT K yBeJH- 
YeHHIO BNeMeHH fy. 

MarHuTonposox, AOuKeH BBINOJIHATDCA H3 MaTeplaa c MaJIOH 

| KOSPUMTHBHOM cHIOH, aoObl YyMeHbLUATh 3HaueHHe ocTaTOUHOrO 
nmoToka B  MarauTHof cucreme. Kak mpaBHuo, npumMensetca 
skesie30 Apmko mapku 9. B kofoBbIx pee ApMO BbINOMHAeCTCH 
u3 »xene3a Apmko, cepfeudHuK H3 KpeMHUCTOH cTaiH Kpyraoro 
npopu Js. 

KoucrpyKUaa MarHutTonpoBoya AOJKHA 6bITh TaKOH, ATOObI He- 
pa6oune 3a30pbl MarHUTHOM CHCTeMbI ObIJIM MAHHMaJIbHbIMH. ¥Y nayHoe 
pemeHHe JaHO UHHXKeHEPOM M. II. KxuurvubiM, peJiOKMBLIUHM HC- 
TOJIHCHHE ~MarHUTOMpoBosa UesbHbIM (xr. 8, le). Takoe ncnovHeHHe 
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MpHHATO 3aBoqamH Cosperckoro Coosa win Bcex pele C MarHHTHbIM 
emndepom. 

Peryanpopanne sBpemenu ¢, OCymlecTBAReTCA, B OCHOBHOM, H3Me-_ , 
HCHHeM HaTAKeHHA NpyKHHbI. Crynenyatoe peryupoBaHue octTu- 
TaeTCA H3MCHEHHEM TOJIMHHHI HEMarHHTHON NpoKsaAKy M@KLY TOPLOM 
cepfequHuka HW AKOpeM. 

Tounoctb no BpemeuH ¢, B pede C MarHHTHBIM jJlemMmdepom OTHO- 
CHT€JIbHO HeBeJIHKa WM MOsyyaetca nopsagzKa 5 —~ 10%. 

Kone6aHua oO BpemMeHH gelicraua ONpeAeMAIOTCA B OCHOBHOM 
HSMCHEHHAMH HallpAKeHHA CETH, a TakxKe HarpeBa KaTyWIKH. YMeHb- 
HUCHHE BIMAHHA STHX aKTOPOB AOCTHTaeTCA BBINOJHeHHeM MarHuT- 
HOM CHCTeMbI HaCbIUeHHO, KOrga KoeOaHuA 3HayeHHA H. C. B lpe- 
menax + 20% Maso orpaxalorca Ha BeHUHHeE noTOKa B 3aMKHYTOM 
MarHHTonposore. 

Bpema ¢t, Ha OTNYCcK saBucuT eme H OT BpeMeHH 8apA Qa, T. e. 
BPeMeHH, MpOTeKaloulero OT MOMCHTa BKJIOUeHHA KaTYWWKH JO MO- 
MeHTa, Kora NOTOK M, CHCTeMbI AOCTHTaeT MAKCMMaJIbHOrO 3HaueHHa., 
Tpe6yemoe Bpema. sapaga saBHcuT OT pa3MepoB MarHHTONpoBora U 
Hemndepa uv Opipaet nopsgKka 0,3--0,8 cex. 

Hwke MpHBogAtcA AaHHbIe UCHBITAaHHA pene cepuu P3500: 


Bpema sapaga, cen. . . 0,31 05 5 
Bpema f, HaoTnyckK . . 1,87 218 22 


IIpu cocrapnenuu CX€M @ABTOMATHKH YUHTbIBAIOT BJHAHHeE Ha 
BpemaA ty BPpeMeHH 3apsifa. 


11-7, BONPOCbI MPOEKTHPOBAHHS CHCTEM C MEXAHHYECKHMA 
| JEMN®EPAMH 


a) Cuctembl ¢ MexaHw4ueckHMH AemnepaMu BbINOJHAIOTCA, Kak 
TPaBHi0, C Bp€MeHeM fo Ha cpaOaTbiBanue. BosspaT B Hcxo_HOe 
NOJIOMKEHHE AKOPA HW CBA3@HHOH Cc HUM | | 
KOHTAKTHOH CHCTeMbI JOJKEH OCYIIeCT- 
BIATbCH MpH OTKJIOUGHHH KaTYLUKH 
MrHOBCHHO. STO HeOOXOMHMO AVIA 6HI- 
CTpoOH NMOATOTOBKH pese kK Cle LyIouemy 
cCpaOaTbIBaHHio. 

6) Aaa nonyyenua snayuvitespneix 
BbINepKeK BpemMeHH fg TpeOyetTcaA G6o.ub- 
moe 3HayeHHe xofa sakops. Tlostomy 
B TaKHX CHCT€MaX NPHMeHAIOTCA nps- 
MOXOAOBbI€ 3JIEKTPOMarHHTBl. 

B) Mcnoanenus. Cuctempl c MexannyeckHMH emnidepamu ucnou- 
HAIOTCA Kak peJle TOKa, HallpAxKeHHA, BpeMeHH. 

Pee ToKka cHa6xKaloTca TOKOBOIi KaTYLUKOH, OHH MpvmMensiorca 
AJA 3allMTbl ABHraTeNeH, pa6oTatoulHx B NOBTOpHO-KpaTKOBpeMeHHOM 
peaume. BpemenHan xapakTepucTuka TaKHx pene JONKHA GObITb 3 a- 
BHCHMOH, T. @. C YBEMYeHHEM CHIBI TOKa BpeMaA fa ROJKHO YMeHb- 
wiatTbEed (cur. 11, 3, /). : 





Mur. 11, 13. Xapaxrepuctuxa 
peuie. 


199 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Pee BpeMeHH Ha3blBaloT TakHe ycTpolicTBa, B KOTOpbIX MoJly- 
qaeTCA BpeMa cpaOaTbiBaHHA, He 3aBHCAillee OT IIpHJIO*KeHHOTO Ha- 
npsxxeHua. BpemenHad xapakTepHcTuka TakHX peslie Nosyuaercs 
ye3zapucumol (pur. 11, 13, 2). 

r) Jlemnupytouve MexaHu3MbI B NpakTHKe TIDHMeHAIOTCA pa3HOro 
aula — MaCJInHble Jemndepbl, BOSAyWHbIe KPblaTKH, C NOCTOAHHBIME 
MarHuTaMH, CIYCKOBbIe MeXaHH3Mbl. Bploop MexaH¥3Ma OMpeleuAneTcA 
TpeOOBaHHAMH TOWHOCTH. Pene c MeXaHHuecKuM emmdepoM MOryT 
ObITh YCTAHOBJIEHbI B MOMeMeHHAX, Toe TemMMepaTypa CpeAhl Koe6- 
netca B G6ObIWHX Mpefenax: or — 30° 3umoH fo + 40° seToM. 
Han6onee uacTO TIpHMeHAIOTCH CIYCKOBbIC MeXaHHSMbI, padoTa KO- 
TOPbIX H€ 3aBHCHT OT TeMNepaTypbl. Pa6OoTa ApyrHX BHAOB MexaHHs3- 
MOB 3aBHCHT OT TeMMepaTypbl: B MaCJIAHbIx nemmcpepax KOS*ppHUHeHT 
JeMn@upOBaHHA 3aBHCHT OT BA3KOCTH Maca, MeHSIOULeHCA C H3Me- 
HeHHeM TeMMepaTypbl; B BOSAYIWHBIX— OT TWIOTHOCTH BO3SAyXa, & 
MeXaHH3MaX C HOCTOAHHDIMH MarHiTaMH — OT YAeJbHOrO COMpPOTHB- 
yleHua MaTepHana AucKa uM Oapabana. 

nm) Kunematuueckas cxema pee. B o6mem cayyae peme COCTOHT 
M3 CJIeLYIOWIMX BWIEMeHTOB: 3JeKTpOMarHuTa, KOHTAKTHOM CHCTeMBI, 
3yOuaToH nepesaqn, xpamoporo yCTpoOHcTBa (HJM BTYJIKH Topnejo), 
nemidupyrouero Me€XaHi3Ma. 

Hasnauenue 3yOuaTou Nepewayn — yMeHbINeHHe 

a 7 pasmepos Jemmpupyioujero MexaHH3Ma. C yBesu- 
ueHHeM 4uCa OOOpoTOB AuCKa, OapadaHa, KPbI- 

wlaTKM yBeJIMYMBaeTCA KoSppUUKeEHT Aemndupowa- 

HHA, B  CIYyCKOBbIX MeXaHH3MaX YMeHbUJaeTCH 

nipupozuol MomeHT M, Ha aHKepHOM Kosice, YTO 

IIPHBOAUT K yBesIH4eHHIO MepHola KoseGaHHnh T. 


' N Q CooTBeTCTBeEHHO YMeHbLIalOTCA MOMCHTbI B YaCTAX 

3 Memndupytomero ycrpolicrBa, OarosapsA semMy 9TH 

Ys yYaCTH MOTyT ObITb BbIMOJIHeHbI C MCHbUIHMH pas- 
MepaMH. 

Wy [Ipa MpHmMeHeHHA CIyCKOBDIX MeXaHH3MOB BCC 


MeXaHHdecKHe 3JIeMeHTbI CHCTeMbl — 3yOuaTaA Me- 
our, 11, 14, Pere pnenaya, xpanosoe yCTpOHCTBO H aHKepHbIH MeXxa- 
C MaCJIAHbIM JeMIi- 

epom. HHU3M BbIMOMHAIOT B BUAe OLHOFO KOHCTPYKTHBHOFO 
HeslOro, Ha3bIBaeMOro 4HACOBbIM MEX AHH3MOM. 

Caa3b M@XKLY avIeKTPOMarHHTOM HW LeMNnepOM MOxKeT ObITb 2KeCT- 
KOH Hau rHOKOH. 

Kecmxan cess. IlpamepHoe ycTpolicTBo MpHBewenoO Ha (pbu- 
rype 11, 14. Bpemennaa xapakTepucTuka lpi *%KeCTKON CBA3H MOJy- 
qaeTCA 3aBHCHMOH, Tak Kak CHJla Ha NopulHe Aemmpepa onpeAelaerca 
cuioH Ha Akope 


Oki. 


[u6Kan C6i3b MOXKeT ObITh OCYLIECTBICHa ABOAKO. 
1) SnextpomarsvT mpH cpaOaTbiBaHHH 3aBOAKT MpyKHHY IT, 
(pur, 11, 15), nox jlelicTBHeM KOTOPOH MNpOHwCXOKT cpaOaTbIBaHHe 
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CIlyCKOBOrO MexXaHH3Ma. B jaHHOM cJly4yae KOHTAKTHaA CHCTeMa CBA- 
SaHa He C AKOpeM, ac AemMpupytouliM yctTpolictBom. Bpemenuag 
XapakTepHCTHKa MO/lyyaeTCA He3aBACHMOH, TaK KaK JBMKeHHe ciy- 
CKOBOrO M€XaHH3Ma OMpefevifeTCH HaTHKeHHeEM ipyxuHb! J7,, BemH- 
WHHa KOTOPOH He 3aBHCHT OT TOKa B KaTYLKe. | 

2) B pa3soMKHyTOM COCTOMHHM 9eKTpOMarHHta Nog Jelicrsuem 
opyxuupl /7, 3asoqutca npyxuua //,. Tipu cpa6aTeipannu saeKktpo- 
MarHutTa ocBoOoxAaetca pbiuar P, KOTOpbIii HayHHaeT nNoBopauH- 
BaTbCH NO AelicTBHem npyxHHb J7,. Takoe ucnomHeHHe co3gaer 
YCHOBHA AIH MOJYYeHHA OO/bIUOH TOYHOCTH BO BpeMeHH; Tipume- 
HACTCH B pewvié BPCMeHH AA 3allHTbl SCKTPHYeCKHX CHCTeM, re Tpe- 
OyeTca BbICOKaA TOUHOCTh — NopasazKa 2—3%. 





@ur. 11, 15, Pene ¢ mexanuyeckum TOopMoxeHHeM: 
a@—c KpbimaTKo; b — c AHCKOM H MArHHTOM: ¢ — CO CMYCKOBbIM MeXaHH3MOM. 


e) Bprvcaenve spemenu aswxkKenus. Jlna BbruvcieHua BpemeHn to 
NPHMeHAIOTCH pasJIM4Hble (bOpMyJIbl, B 3ABHCHMOCTH OT BHa emm- 
(bupyromero ycrpolicrpa. B macaaAHBIX Remmdepax nopwieb uMeeT 
NOCTYNaTeJIbHOe ABH KEHHE, SJIEKTPOMAFHHT BbIOHpaeTCA TaKHM, UTOOBI 
AKOPb Obl/I HEMOCpeACTBEHHO CBA3aH Cc Nopiuinem (dur. 11, 14). Jlemn- 
(Pupytouyve ycTpokicTBa, HCNOHAeMbIe B BUJe KpbiaTKH, AHCKa HK 
GapaOaHa Cc MOCTOAHHbIM MarHHTOM, WeHTpoGexkHoro peryJiaTopa c 
Me€XaHH4YeCKHM TpeHHeM, HJIH B BHe CMyCKOBOrO MeXaHH3Ma, HMeIOT 
BpallaTeIbHOe ABHxKeHHe. CBASb M@XKLy SeEKTPOMArHHTOM H ycTpoli- 
CTBOM He KecTKaa. 

Ha cpurype 11, 15 npupezeno npumepHoe ucnomHeHne pee c pas- 
JIMUHBIMH BHaMH JemMnd@upylomux ycTpolicTB: a—c KpbllaTKOH, b — 
C AHCKOM HM NOCTOAHHBIM MarHHTOM, €—CO CIlyCKOBbIM Me€XaHH3MoOM. 

DACKTPOMarHUT HMeeT NpyxKuuy /7,, cayxKally!o Ad 3aBoJa me- 
xaHu3ma. Ha ocu O mexaHu3mMa Hacaxkenbl: pbiyar P, KOHTaKTHDIit 
ppruar K, sapoqHaa mpyxuua /7, WH Begyulee Koeco. Yrou NOBOpoTa 
KOHTaKTHOrO pbiuara JO 3aMbIKAHHA KOHTAKTOB a; mepelqaTouHoe 
OTHOWIeHHe 3yOuaToH nepenaun 7. 

1) Macaanoui Oemngep (pur. 11, 14). Cust B cucTeme: smeKTpo- 


MarHHTHan Q,= kU? «I; pemndupyiomaa Qs = keV; Ra— vo — > 





CM 
aur Bec AKOpa c mMopuinem Q,, Xo AKOpaA AO 3aMbIKaHHA 


KOHTAKTOB — X CM. 
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is (11-33) 


ta = kg mG, ceK. (11-36) 


2) Bosdyunaa xpoaamxa (pur. 11, 15a). CpemHee sHaveHue Bpa- 
gaioiiero MOMeHTa 3aBOAHOM npyxKHHbI [7], c yueToM KosdpuuveHta 
nouesHoro JlelicrBHA 3syO4uaToH nepezauu — M,y; Aemndupyiouu Mo- 
MeHT KpblJlaTKH 

M5 = kagn*i?, 


rye n—«neno oGopoTos Besyulero Koweca (B MHHYTY). 
Ycnosne papyopecus: Mny = Moa = Rol?*n?. 
Orcroja 
al ee EDr 11-37 


n 








3) Muck c nocmoaxHetm maexumom (11, 158). 
Jlemndupyrouwwni mMomeut Ma = Roni. 
Ycnosue paBHopecus: Mnyn = Ma = Roin. 


Die gO 11-38 
oc 60n = 60M,n CceK. ( ) 


4) Cnyckoeot mexanusm. Mepnox koneOaHHlt anKepa 


Je 
T= oy # CeK, 


roe J —MOMeHT HHeplu aHkepa , 
@—yron NOBOpoTa aHkepa, 
M,.—MomeHT Ha OCH xofoBoro KoseCca. 


3a mepHor T xogoBpoe KOJIecoO moBopaunBaeTCA Ha OH 3y6. IIpu 
qucuje 3yObeB XOMOBOro KOJIeca 2, NepeaTOYHOM OTHOICHHH MeXa- 
HU3Ma 12 

azT i 


CeK 


ta = 360 eo 


Mpumep. Jlavvpie BbInOMHeHHOTO JIA pee YaCOBOTO MeXaHH3Ma, COCTOAULETO 
43 3aBO2HOR Mpy2kHHbl, 3yGuaToH Mepesauv, BTyIKH TOpMeyzO H aHKepHOorO Me- 





XaHH3Ma: Ze 
Ma RTT 
T = 0,172 cex; z= 24; a= 45°. 
45 +24 -0,172 + 7,775 
ta = eae" ne == 4 ceK, 
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rJIABA 12 


NOJIAPH3OBAHHBIE PEJIE 
12-1. BBEXEHHE — 


Hpwauun gefictsus. Tlonapusopanunie : pene MpexcTaBlAioT coboli 
Pa3SHOBHAHOCTh SJIEKTPOMArHHTHbIX HM OTJIH4AIOTCA TeM, 4TO B HHX 
Re€HCTByIOT Ha AKOpPb Ba HeSaBHCAIHX Apyr oT Ipyra notoka: 

1) NOCTOAHHBIM MOTOK, Ha3bIBaembiii NOJIAPH3YIOWIMM, He 3aBHca- 
WHH OT paOoyero COCTOMHHA CXeMbI ycTpoiicTBa; 

2) paOouni moToK, onpesensemplit H. c. pabouelt KaTYUIKH; BeJIH- 
WHHa UW HalpaBlenHe paOovero noTOKa 3aBHcuT OT pa6o4ero cocToR- 
HHA CX@MBI. 

OcoGeHHOCTH MOJASPH30BaHHBIX peste. MlonapH30BaHHpe pesie, no 
CpaBHeHH0 C OOBIYHbIMH SJICEKTPOMAFHHTHBIMH O6vlalaloT psAJIOM oco- 
G6euHoctTeli. 

1) Hanpasnennoctpio geficrsua: mpH u3mMeHeHHy HalpaBJieHua 
TOKa B paOoueh KaTyIke MeHAeTCH 3HaK pe3yIbTUpyioulero MOMeHTa 
Ha AKOpe, KOTOPbIfi MepemMemjaeTCA BUpaBO HIM BEBO OT HeaTpaH 
BO3AYIUHOrO 3a30pa MexKAY MOvOcaMy. 

2) BbicokoHh 4yBcTBHTeIbHOCTbIO, OMpexenaemolt MMHUMasbHOL 
Tpe6yemoH Ana cpaOaTeiBaHuA pene mMomHocTHIO P,. B 0/1 PH30BaH- 
HbIX Pele MAKCHMAJIbHaA YYBCTBHTCJIbHOCTb ONpeeAeTCH 3HAaYeCHHAMH 
nopanka P,=1- 10-8 em; 

3) Bbicokoh KpaTHOcTbIO TepMuyecKO ycTolunBocTn, npewcTaB- 
JimioujeH co6oh oTHoWeHHe 


a AONYCTHMBIN ANHTCIbHBIA TOK BKNIOUCHHA 
 MHHHMA@JIbHOe SHayeHHe TOKa cpa6aTbiBpaHHa * 


B 9JleKTPOMarHHTHBIX pene 3HayeHue ky ObIBaeT nopagka | --1,5, 
BB TNOJAPH30BaHHBIX — 20 -+~ 50. 
4) DbICTpbIM JelicTBHeM: B HeKOTOPIX MOMeTAX pene NOY YaroT 
MHHMMAaJIbHOe BpeMA CpaOaTbIBaHHA NopayKa 2 mcex. | 
IIpumenenve. I]upoxoe mpumenenue nomyunan NOJIA PH3OBaHHbIe 
pene B ycTpolicTBax CBA3H: Temepou, Temerpad, paguo. TaKue pevie 
NPHMCHAIOT TaKKE B YCTPOHCTBAX SVIEKTPOCHJIOBOM aBTOMATHKH, pe- 
JeHHOH 3allHTbl, B CIeMAUIMX CHCTeMax, cucTemax Tele yNpaBJleHHA, 
*KEMESHOMOPORHOM CHTHAaH3aluHH wu GOKHpoBKe (CIIB). 


12-2, DOPMbI MATHHTHbBIX CHCTEM 


[ii BbINOMHeHHA NONAPHSOBaHHEIX pene B MpakTHKe mMpuMe- 
HAIOTCA Pa3MUHble CPOPMbl MarH¥THBIX cHcTeM, OcHoBHad Kaaccuiu- 
KalHA STHX CHCTEM MOXeT ObITb MpoBezeHa MO ABYM MpH3Hakam: 
MO HCTOUHHKY H. C. MOMApH3ytowlero Nom Hw MO cbopme cHcTeMbI. 

Mo ucToyHuky H.. c. NOAApH3OBaHHOrO NomA pasMuyaror: 

1) cHcTeMbI C NOMApPH3yIONIMM MomeM OT NocTOAHHOrO MarHuta 
(pur. 12, 1); 
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2) CHCTeMBI C NOJAPUSYIOIHM MONEM OT SIeKTPOMAPHHTa (bur. 12, 2); 
B 9TOM CAyuae KaTYWKa NOMApHsyIoMero MOA NpHKMOVaeTCA K no- 
CTOAHHOMY HcTOUHHKy 9. A. Cc. Un, He 3aBHCALeMy OT padouero 
COCTOHHUA CXeMbI, rye BKsOTeHa padowad KaTyWika 






OO OF”Fg 





CQ) 


®ur, 12, 1. PopMbl MarHHTHbIX CHCTeM MOJA- 
PH30BaHHbIX pele. 
B ecxemMax 3aMelleHHA: OKPYMXHOCTb — KaTylika, 
3alllTPHXOBaHHAaHn OK PY KHOCTb— MOCTORHHbIA MaruutT. 
CrpeKH: COAOWHbIC — Mowe MarHHTa, NyYHKTHpPHbIe — 
pa6ouee Move. 





Ilo dbopme pa3uuaioT CHCTEMbI nude pe Hwa IbHbIe HM MOCTOBbIe 
(no BHAy CXeMbl 3aMelleHi MarHHTHOH cucTeMbl). OHH OTJHUAaIOTCA 
pyr or Apyra pa3JMuHbIM XapakTepoM paciipekevenHA B padouem 
3a30pe MOTOKOB — padouero MH MOJAPHSYIONLero. 

B duddepenyuanonod cucmeme (pur. 12, | a, b, c, d) nNONApH- 
3ylOulMit NOTOK B JIeBOM H MpaBOH wacTAX pa6ouero 3a30pa HMeeT 
pasHble HallpaBieHHA, a paOouHit NOTOK OHO — OT OAHOTO nosroca 
K Jpyromy. 

B mocmosoti cucmeme (pur. 12,1 e, g) KapTuHa OOpaTHad: NoaA- 
pu3yloulee ose HMeeT OMHH 3HaK BO BCeM pa6ouem sasope, padouee 
nove — pa3Hble 3HaKH. 
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Han6oubmee pacnpoctpanenue NOyWHIH B NpakTuke Auddepen- 
UHaJIbHbIe CHCTeMbI, Oovlee MpocTble MO KOHCTpyKUHH. OsnaKo mo- 
CTOBbI€ CHCTEMbI MOMKHO OCYUIECTBHTb C OOJbUIeH YyBCTBHTeJIbHOCTBIO. 
[losromy B nocieqHee BpeMaA HaGmOfaeTcA TeHAeCHUMA K pa3pa6orke 
M10JIA PH3OBaHHbIX peJie C MOCTOBOH CxXeMOM MAarHHTHO CHcCTeMBI. 

IIpHHuHnbI nocrpoenua 4a 
CX€MbIl 3AMeCIICHHA HaH6oviee 
PpacnpocTpaHeHHbIX B MpaKTHKe 
OpM MarHHTHbIX CHCTeM NosA- 
PH3OBaHHbIX pele MpHBezeHb! 
Ha cburype 12, 1: cuctrempi b, c— 
TeerpapHbIX pele 3aBoma 
«Kpacuas 3Be3qa»; f— Becruu- 
ray3a JIA yCTpOHcTB aBTo- 
MaTHKH. 

Ha curype 12, 2 npusenena 
cuctema Ue6Ookcapckoro 3aBo- 
Ha, C 3JICKTPOMarHHTHOH no- 
AApu3auHeh OT KAaTYLUKH, 


p 


Mur, 12,2. Marnutuaa cuctema ¢ nonsapu- 
HCTOUHHK HanpsKenua. Cn- : 


SyloiweH KaTYWKOH. 
CT€Ma NpeAHasHayeHa JIA HC- | 
NOJIHCHHA pele OOpaTHoro TOKa, TIPHMMe€HHeMOroO AVIA 3alllHThI reHe- 
PaTOpOB NOCTOAHHOrO TOKa NpH NapasnenbHOH HX paGoTe c py rim 
PeHepaTOpaMH HJM AKKYMYJIATOPHbIMH OaTapesMu. 





12-3. HACTPOHKH NOJIAPH3OBAHHDbIX PEJIE 


TlonapH30paHHble pene MoryT ObITb HaCTpOeHbl Ha ABa pexKHMa 
paoorThl: OMHOCTOPOHHHH— AKOpb peste cpaOaTbIBaeT pH O2HOM 
HanpaBJIeHHH TOKa B paOoyelt KaTyUIKe; ABYXCTOPOHHHUK —cpa- 
OaTbIBaHHe MPOHCXOANT Np pasHbIX HaMpaBNeHHAX ToKa B pa6ouek 
KaTyuike. YKa3aHHble pexHMbI paOorbl JOCTHraioTca COOTBETCTBYy10llelt 
HaCTpOHKOH pele, H3MCHEHHEM NMOOKeHYA KOHTAKTHBIX BHHTOB, a 
TakKe OOaBeHHeM CNeWHaNbHbIX TIpyKUH. 

O_HONOSHUHOHHaA §HacTpolika —- MarHuTHOe MpeoOaqanve (cur. 
12, 3a). Pacnonoxkenne KOHTAaKTHBIX BHHTOB TaKOBO, YTO AKOPb pH 
cpaOaTbiBaHHu He HepexoguT 3a ‘HEHTPaJIbHY!IO JIHHHIO paGouero 3a- 
sopa. [Ip o6ecroueHHolt pa6oueli KaTyuike NOTOK ®, MarHutTa Bcerga 
Oonbule noTroKa ®,—saKopb Bcerza pacnoJlaraeTca Ha KOHTakTe J. 
Cpa6atbipanve AKOpaA —nepexoq Ha KONTAKT 2— Mpoucxogzur mpu 
OAHOM ONPEXeCHHOM HalipaBsIeHHH ToKa B pa6ouell KaTyuIKe (cM. 
HalpaBlenve noma ®, Ha dur. 12, 5). 

OjHOnOsHuHOHHaA HacTpoiika, KOMOHHHpOBaHHoe npeo6sagqanne 
(pur. 12, 34). B o6ecrouenHom cocTosHHH KaTYWIKH Ha SKOPb JeH- 
CTBYIOT Ba MOMeHTAa: 

I) MoMeHT, onpegenseMbIii Nomem MocTOAHHOTO MarHuta H 2) Mo- 
MeHT TpykHHbI. IIpv 9TOM MOMeHT Npy2KHHBI Bcerga 6oubiue MOMeHTA, 
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co3qaBaemoro Noviem Maruuta. [losromy mpH oOecTOoueHHOM COCTOAHHH 
KaTYWKH AKOPb BCerfa BOSBpalllaeTCA B MOMOMKECHHE /. Cpa6atbipaHne 
AKOPA NPOMCXOLHT MpH OAHOM ONpefeseHHOM HanpaBuJeHHi TOKa B 
pa6oueH KaTyulKe. 

Jlsyxno3muvoHHas HacTpoiika (pur. 12, 3c). B oGecToyeHHOM co- 
CTOAHMM KaTYUIKH AKOPb pacOviaraeTca cnpaBa WH CuleBa OT HeH- 
Tpanu (noioxenua J, 2) B 3aBHCHMOCTH OT HanpaBJieHvA TOKAa B 
MpeAWecTBYIOWLeM PexKUMe. Cpa6aTbipanve AKOpA MNpOHCXOAMT NPK 
Pa3HbIX HallpaBJIeHHAX TOKAa B paOouelt KaTYylUke. 





Mur. 12, 3. Hactpofka NOMApH30BaHHbIX peuie. 


@ — OMHONOSHLHOHHAaA, MarHHTHOe Mmpec6AaganHe;, b — OAHOMOSHILMOHHAA, KOM6UHHpOBaHHoe 
npeo6laqanHe; c — AByxno3nuuonHan, d — C HeATPabHbIM NONOMKeEHHEM AKOpA. 


Jisyxno3vuHOHHad HacTpolka C HeHTpaJIbHbIM NOJOKEHHEM AKOPS. 
Akopb MOABeWHBaeTCA Ha MVIOCKOH NpyKHHe TAK, YTOObI OH 3AHKMAaJ 
TIpH OG€cTOYeHHOH KaTYLUKe HEMTpasIbHOe NMOMORKEHHE (bur. 12, 3d). 
Cpa6aTpipanne AKOpa — AByxcToponHee. B He<OTOpbIxX JHTepaTYPHbIx 
HCTOYHHKaX pele C TAKOH HACTPOHKOH Ha3blBalOT TpeXNO3HUHOHHbIME. 


12-4. 9KCIJIYATAWHMOHHBIE MAPAMETPDI PEJIE 


[pH mpoekTHpoBaHHH MOJIAPH3OBaHHBIX peJie YUHTIBAIOT CuJe- 
qyloume SKCyaTauHOHHble MapaMeTpbl, SHAY€HHA KOTOpbIX OMNpe- 
TeAIOTCA YCJIOBHAMH paOoTbl CHCTEMBI. 

a) Jlaeaenue Q,— B HOPMA@JIbHO 3AMKHYTOM KOHTAKTE (H. 3.) Np 
oGecToyeHHoi paGoue KaTyuike. OTO AaBeHHe OMNpekeAeTCA pas- 
HOCTbIO NOTOKOB NOvApH3yroulero MOA B NpaBOM H JI€BOM 3a30paXx. 
3Hayenne Q, B BbICOKOUYBCTBHTeJIDHbIX pesie NPHHHMAalOT NOpAAKa 
1—2 [; B pee, rae ONycKaeTCA OTHOCHTEJIbHO 6ouIbWaA MOLLHOCTb 
cpaOaTbiBaHua, 3HaueHHve Q,, ROocTHraeT 3HAYeHHA 15—20 TL. 

Xod Koxmakmoe — Xx. B pene cBA3v, rae padoyee HalpsaKeHHe 
KOHTaKTHOH Welw HeBeUKO (nopaaka 12 — 48 6) 3HayeHHe XOMa KOH- 
TaKTOB MpHHHMaioT HeOompuium 0,05-+0,08 wm. B yCTpoHcTBax 
9JIEKTPOCHJIOBOH ABTOMATHKH, rye padouee HaNpAxKeHHe KOHTaKTHOK 
uenH gocTuraer 3Ha4eHHa 220 BObT, MPHHHMalOT X~, MOpAAKa 
0,4+-0,5 mm. 

Muxumansnaa mouwocms cpabamoiganua P,. | 

Kpamxocms mepmuyeckod ycmouaueocmu kr = 7: 


Kosp@uyuenm eosepama, npeactaBnawulun co6ol OTHOIeHHe TOKa 


I 
ommycka sakops J, K Toky cpaGaTbipanka I: k=. B page 
c 
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YCTPOHCTB HE MPeAbABMAIOT OCO6EIX TpeOoBaHHi K BemHuHHe &,: 
HeOOXOAHMO JIMUIb O6ecneyuTb ycAoBHe HazexKHoro BOSBpaTa sAKOpA 
B MCXOAHOE NOsOKeHHE Npw OGecToueHHO KaTyuike. B ,aHHoM culyyae 
sHaueHve k, = 0,1] cuntaetca BnowHe mocTaTOUHEM. 

_ B_Hekotopsix ycrpojicrsax, YUMTbIBAA BOSMOXKHbIE BeHUHHBI 
OCTAaIOWHXCH TOKOB HeOaslaHca CXeMBI, TpeOyetca, 4uTO6b! sHayeHne , 
Obl10 Nopaaka 0,3—0,4, B cnelMambHbx cxemax TpeOyetca ToBbi- 
MeHHOe 3HaveHHe nopaaka 0,6. SHayenne &, onpenennetca HacTpoH- 
koH peste. Iloppmuenue k, npuBogut K yXyAWeHHio APyrux Napametpos 
pele: BpeMeHH CpaOaTbIBaHHA, YYBCTBHTeJIbHOCTH HM KOHeYHOTO jaB- 
JI@HHA Ha KOHTAKTAX. 

Bpems cpabamoeanun. Tipu toKe I, BpeMA f, OTHOCHTeIbHO Be- 
wHKO 20—50 mcex H yMeHblaeTcA c yBeAMUeHHeM 3HayeHUA ToKa 
B paOoue KaTyuiKe. OObluHO y4HTBIBaloT Bpema f, np Toke | — 
=3+4].,. 

Henownameaonoe HanpAwenue, 3aBUCAIMee OT pabouero Hanpsxe- 
HHA KaTYUWIKH WH KOHTaKTHOH CHCTeMBI, 


12-5. PACUET MOJIAPH3O0BAHHbIX PEJIE PA3HBIX CHCTEM 


Sanayelt pacueta aBasetca YCTaHOBJICHHE IJld CHCTeMBI C onpe- 
ACCHHBIMH Pa3MepaMH COOTBETCTBYIOWIMX 9KCIVIyaTAalHOHHbIX napa- 
METPOB. ee 

IIpw pacuete nonapH30sanxoro pee HeOOXONHMO MIpPHHHMAaTb BO 
BHHMaHHE HeKOTOpbie (PakTOpbl, TPyAHO yYHTbIBaeMbIe aHaJIMTHUeCKH, 
HallpHMep NMOTOKH pacceAHHA NMOCTOAHHOrO MarHHta, RAMAHHE ToN- 
TuHHbI AKOPA Ha BeHUAHY AOGaBOYHOH CHIbI, BbI3bIBaeMoll HaMarHn- 
THBAaHHEM AKOPA NOJeM seKTpomarHHta. Tlostomy aaa pacueta pele 
NONB3SYIOTCA YIPOWeCHHbIMH COOTHOLUCHHAMH, KOTOPbI€ CJIYKAT TOJIbKO 
AJA OPHEHTHPOBKH H YCTaHOBJIeHHA B3aHMOCBA3H MEKY OTACAbHBIMH 
NapamMetpamu pew. 

IIpu BbIBoxe cooTHOWeHHi, B LeNAX Hx yNpouleHHA, He YUHTBI- 
BaloTcd MaAeHHA H. C. B CTaJH MarHHTONpOBoda, a TaKxKe cocTas- 
JAIOUKHE CHJIbl, ONpPeAeAeMbIe KpaeBbIMA MOTOKaMM HW HaMarHuyuBa- 
HHe€M AKOpA NONeM dIeKTpoMarHHTa. Hue npuBomaTca OCHOBHHIe 
COOTHOWCHHA WIA pacueTa pee NpH pa3HbIxX BHsax HaCTPOHKH. 

O6mue nonoxexnua, NPHHATbIC MPH BbIBOAe COOTHOWeHHE: 

1) Bee 3Hayenua cua, a Takxe NepeMeuleHHA AKOPA NpHBeeHbI 
OTHOCHTEJIBHO JIMHHH Mn, COPAHHAIOWMLeH CpeAMHbI NOMOCOB (pur. 12, 5). 
Ilepecuer stTHx cua u NepemMeleHHH MO OTHOIIeHHIO K KOHTaKTaM 
NPOBOLAT 3aTeM C Y4eTOM paccTOAHHA OT OCH AKODPA. 

2) Pacuetubii posaywuniit 3a30p @ NpHHAT 


a=A~—A, (12-1) 


rye A—pacTsop Mexazy nomocamu; 
A — TOMMMHa AKOpS. 
3) Pa6ouve npoBoguMocTH MpHHATH 6¢e3 yueta ‘lmpoBosxumocteh 
KpPaeBbIX MOTOKOB. 
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Mpn onmpefenenud HHAyKTHBHOCTH Wenn H KOSPPHIHeEHTOB pac- 
CeAHHA YYATHIBAIOTCA MOMOJIHHTEAbHO NIpOBOAHMOCTH TOTOKOB Kpae- 
BbIX H yTeuKH. 

B pa3nene 12-8 npuBogATcA COOTHOLIeHHA H XOM pacueTa muc- 
(pepeHilHaIbHOH H MOCTOBOM CHCTeM C paSHbIMH BHAAMH HaCTPOHKH. 


12-6. BOMPOCb! MPOEKTHPOBAHHA 


@opma MarHuTHoli cuctembt. IIpx BbIGOpe (POpMbI MarHUTHOH CHCTeMbI 
VUHTHIBAIOT, C OHO CTOPOHI, SKC yaTallHOHHble napaMeTpbl, C Apy- 
roii— yCMOBUA MpOWSBOACTBa: KOHCTPyKUHA AOsKHA ObITb MpocTor 
B H3rOTOBeHHH HM HacTpolike. YMauHoe pese MOJyYeHO B MOeJIM 
AuddepeHunadIbHOH CHCTeMBI, ipuBesweHHoH Ha cpurype 12, le. 

Hactpoiika. Kak mpaBiso, IpHMeHneTca HacTpolka C MarHHTHbIM 
npeo6aganuem. KoHcTpykUMA BbIMOJIHACTCA Tak, yTOObI B HEH MOMKHO 
ObIIO OCYINECTBHTb OJHO- H JBYXMNO3HUHOHH yO HACTPOHKy. 

KomOuHUpoBaHHoe Mpeo6laaHve pallMOHaJIbHO MpHMeHATb B KOH- 
CTPyKUHAX, rye TpebyeTca 6onpmuo Xoq sAKOpax —nopagKka 0,3 MM 
H Bbiile, CpaBHHTeJIbHad OleHKa MarHuTHOrO H KOMOHHH PpOBaHHOro 
npeo6aqaHua, pu OMHONO3HUMOHHOM HacTpOlKe, MOKeT ObITb Tpo- 
Belena TIpH paccmoTpeHunH TpeOyeMOH BeJIMYHHEI pacTBopa MeAKAY 
rlomocama A, 3HayeHHe KoTOporo onpesemseT coOOK UyBCTBUTeJIb- 





HOCTb peuie. 
ee eee ee ee 

Hactpolika PactTBop | KoadbunvexT BO3Bpata 
i ae 

x 
MarHHTHaA . . . . A = 2x + 2x, + 25, +4 K, = ae 
. = 3 _ 1+ X— Quo (l = 9) 

KoMOHHHpoBaHHan. .{| A=xX-+2i,+ 4 K,= Que (i + 8) 


Katywku. B oObrmHbix HCMOAHeHHAX peyle CTaBHTCA oyHa Ka- 
Tywka (pur. 12, 1c) wav Be MarHHTHOCBASAHHDIC. Ilpu HeoOxozH- 
MOCTH YBeJIMYCHHA UYBCTBUTEMbHOCTH pele yBe/MIHBAIOT pa3Mepbl 
KaTYLUKH. 

PaccMOTpMM CBA3b MexKAy pasMepaMH KaTYyWKH H noTpeO1semMoH 
MOLHOCTbIO pevle. 


P = Ir (a). 
B raaspe 2 (KaTyLUKH) TOKa3aHo, ITO 
r= kw? (bd), 


rie —KOHCTPyKTHBHBI KoappuuNeHT, SHayeHHe KOTOpOTO TEM 
MeHbille, eM GoJIbue pagmepbl KaTyWKH. Vis (a) (b): 


P =xk(Iw)*. 
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Takum o6pa3om, NpH TpeOyioulelica HaMaruuyBaiomell cue cpaba- 
THIBAHHA AKOpA F =/w ysBennuenue Pa3MepOB KaTYIUKH NpHBO_UT 
K YMEHDINCHHIO MOMIHOCTH cpa6aTbIBaHHa. 

OyHako yBemuenne PaSMepOB KaTYUIKH NIpHBOAMT K yBeHYeHHIO 
NOCTOAHHOM BpeMeHH CHCTembI, 7, 4TO Breyer 34 co6oH yBemHueHue 
BpeMeHH CpaOaTbiBaHna f¢. Ilostomy mp ycnosun NOJYYCHHA BbICOKOH 
TYBCTBHTCJbHOCTH HW MaJIbIX BpeMeH 
CpaOaTbiBaHHA pallMoHasbHoe pelenHue 
NOJYWaeTCA TPH BbINOJIHeEHHH cABOeH- 
HOH CHCTeMBI Cc ABYMA KaTYLIKaMH, 
H€ MMCHOUHMH MarHHTHOH cBasy 
(pur. 12,4). B > taxof KOHCTPYyKILHH | 
NOCTOAHHAaA BpeMeHH T cHCTeMBI ompe- 
ACMAETCH 3HAYCHHEM NOCTOAHHO! Bpe- 
MeHH OMHOH KaTyWIKH (cM. BBIpanKe- 
HHe 12-7), 

Pacuem kamywxu. B sapucumocry 
OT CX€Mbl yCTPOHCTBa, rye BKsIOUeHO @ur, 12, 4. Casoennaa marnut- 
pee, pacueT KaTylWIKH MpoBporaT no Had CHcTeMa: 
HallpAKEHHIO HUI 0 TOKY. ¢ — WaTyHHaN cKo6a, 

Pacuer no Hanmps>KeHuI0 NpOBOANTCA 
B Tex Caydaax, KOra KaTyliKa pene mpuKwmouaerca K olpenejen- 
HOMY HCTOWHHKY TOKa WH B AHaroHaM MocTa: pacueT nO TOKy — 
Korda KaTylika BKJIOUaeTCH B BbIXOMHOM Wen Kakoro-nH60 yCHJIH- 
TeJif — M@PHHTHOFO HJIH SIeEKTPOHHOro, 

IIpu BKMOYeHHH KaTyIKH Ha BbINIPAMJCHHOe HalpAxKeHHe nNepe- 
MCHHOrO =TOKa — AByXnOsynepHozHoe BbITIPAMJIeHHe — Nosy yaerca 
nyIpCupytomee Move, MpHBOAAIMee K BHOpauun skopa. Ycrpanenne 
BHOpauuvH MoxKer O6nITD OCYINECTBEHO AByMA Cioco6aMhH: 

1) craaxuBaHuem MyJbcawHH MONA, 4TO ocTuraetcs HacanKon 
Ha CephedHuke MarHHTONpOBOa KOpOTKO 3AMKHYTOH PHJIb3bI H3 MedH, 
TOMMHHOH nopayKka 0,3—0,5 MM; 

2) criaxKuBaHvem nyaBcarnil TOKa — BKJIOYCHHEM EMKOCTH Mapaui- 
JI@JIbHO KaTylike. 

Maruutonposog. Bpi6opy MaTepHaia JA MarHHTOMpOBOOB M0- 
JHPH3OBaHHBIX pele yesAeTCA 6oNbIOe BHUMaHe. Jia noppwenys 
TOUHOCTH paOoTb! pene HcnonAAIOT MarHUTONpOBOA H3 MaTepHasos, 
oO6maqaronlux MaJIOH KOSPUMTHBHOR cHarot H,—W3 x*ene3a Apmxo, 
nepMas0H. [Ip stom ua u. c. CpaOaTbiBaHHA pee MeHbIIe CKa3bI- 
BacTCH BJIHAHHE OCTaTOYHOrO Nowa, ONPeAeAeMOTO H. C, Mpeguiect- 
BYHOWero pexKuMa. 

CeueHne MarHuTonpozona NPHHHM@eTCH HeOOJIbINHM, HO yBeJNUH- 
BaeTeH y MOJIOCOB C LeJbIO yBeMYeHHA NnoMmanH ceyeHHa padovero 
BOSAYWHOFO 3a30pa. Bonbuloe sHayenne umeer BbIOOP TOJILIHHbI AKODPA. 

NOBbIWIeHHeM A yBenHUMBaeTCA pobaBouHag HaMarHuynBawmlan 
CHa, OMpenenAeman noviem pa6oueit KaTYUIKH, T. @. yBeqMUHBaeTCHA 
TYBCTBHTEIbHOCTh pevie. OqHaKO yBenmuenHe A MpHBOJHT K yBeun- 
weHH10 J, MOMeHTa HHeEpUHH, 4TO, B CBOIO Ouepetb, IIPHBOAHT K To- 
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BbILeHHIO BPeMeHH CpadaTbIBaHHa. TonuuHa AKOpaA NpHHHMaeTCH 
nopanka 1,5—2 mm. Kpervienne AkopA pallMOHaJIbHO NPOBOJMTb Ha 
MJIOCKOM Np yXHHHOW pacTAXKe. Tipu Oombuom Xoxe AKopA — NopAAKa 
0,5 mm HW BbIWe, MpHXOMATCA KperMTb AKOpb B ocH. Fla 3sTOH Ke 
OCH KPeNHTCA CIMpaIbHad MOMEHTHAA NipykuHa, MIpHMeHAeMad Tph 
BLINOHeHHH KOMOMHMpOBaHHOM HaCTpOHKH. 


12-7, BPEMA CPABATbIBAHHA PEJIE 


[lonnoe Bpema cpaGaTbIBaHHa pesie f, OTCHHTbIBAEMOS OT MOMCHTa 
BKIOUeHHA padovell KaTYyLUKH AO MOMeHTa 3aMbIKaHHA HOpMaJIbHO 
OTKPbITOTO KOHTAaKTa (H. 0.), CularaeTca H3 apyx uactei: f,, -— BpeMeHH 
HapacTaHHa TOKa lO MOMeHTa HauauJa JBYXKeHHA AKOPA, ta — Bpe- 
MeCHH JIBH2KCHHA AKOPA. 

a) Bpems #¢,. BksioueHve KaTyWIKH K UCTOUHUKY MOCTOAHHOTO 
TOKa: 


i= av _¢77), (a) 


rie i— TOK cpaOaTbiBaHHa peste; / — 3HayeHHe yCTAHOBHBIerocn 
toka: [—MOCTOAHHaA BpeMeHH MarHUTHOM CHCTeMPI. 
13 (a) HMeeM 


| 
ae =T Inj: 


Takum o6pa30M, BpeMA 7, B OCHOBHOM onpemenaeTca SHAYeHHEM ie 
[locrosHuaa BpemeHu T MorKeT ObITb BbINHCNIeHa Ha OCHOBaHHH laH- 
HBIX MA@rHaTHO cxcTemel. IIpa 9TOM He y4HTbIBaeTCA MarHHTHOS co- 
MpOTHBJIeHHe MarHHTOMpoOBosa, KOTOPOe BO MHOTO pa3 MeHbilie Mar- 
HHTHOFO COMpOTUBeHHA padowero BOSAYWHOTO 3a30Pa. Tora 


L=wsG,, 


rae G,—npoBoxuMocTb padovero 3a30pa, ompefetenHan 6e3 yyeTa 
KpaeBblxX mpoBogumocteli G,, a 


GptGutGun . ¢ 
Gp 





alo 


n= fo 3 1 = Kw’, 


PaccMOTpHM NOCTOAHHy!O BpeMeHH TpexX BHAOB MarHUTHPIX CHCTeM. 
1) Cucrema c OfHOK KaTywkol (pur. 12, 1c): 


4 Lod 


— 
— 


aKkw? aK 


— 
— 





Tae WSpoS 
r 
2) Cucrema ¢ AByMA KaTylIKaMH, MarHHTHO CBA3AHHBIMH ((pHr. 


12,1 a). Cuntan xk — 3HadeHHe KOHCTPYKTHBHOFO KOSPHIHeHTAa AAA 
OMHOH KaTYIUKH, NowyyaeM 


(gee ae 
Qn 
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3) CycTtema c gByma KaTYUIKaMH, M&rHHTHO He CBA3aHHBIMH 
(pur. 12, 4 ua 12, 1 e): 


T os 


=< ¢ 

Takum o6pa3om, s1yumme P€SyuIbTaTbI B OTHOUICHHH NOyYeHHA Mu- 

HHMaIbHOrO 3HayeHHA T nomyyalorca npw CABOeHHOL MarHHTHost CH- 
CTeMe. 

6) Bpema fo. [pu serucnenun fo Ce€LyeT YUHTEIBaTb, 4YTO T0 


XORY AKOPAH MCHACTCH 3HAYeHHE CHJIbI TOKa B paOoueli kaTyuKke u 
SHAYeEHHE MPOTHBOAeHCTBYIONINX CHUL. Boluncyienve ta CM. B rulape Il, 


12-8. OCHOBHbIE PACYUETHBIE COOTHOWEHHA 


Audxpepenuvanpnaa cuctema OXHONO3HUHOHHaA. Hactpoiika c mar- 
HHTHBIM Tpeo6saqannem (pur. 12, 5). 


O6osHayeHua. 

P, D,, Sy — NoToKH B 66 MarHHTa: NOAHBIH HB weBOH, HB MpaBoH ywactTax 
3a30pa; 

Pacyetublt sas0p: a = A— A, cm: a 


S— pa6ouaa naoujayqb nomoca, cam?; 
xX — XOM KOHTAaKTa, CM. 


*%, — CMelllenHe OT Helitpann. m (F-] 


1) Pacnpedeaenue noanpusytowezo Pp 
NOAR. 


P=, +, (a); D,/S,=G,/G, (6); 
S S 
G1 = Hoy (c); C2 = Hog (). 


He 


\! 






H3 (a, b, c, d) F 
, od 
P= Pr, (12-2) 
5 ur. 12,5, Marsutuan cuctema peve, 
D, = @ = ‘ (12-3) | Maruutuas nactpoiixa. 
2) Cuaa Ha akope npu ob6ecmouennot Kamyuiké (OTHECeHHAaN K JH- 
HHH mn), 


2 


P p* 
Quen = 4,06 : 108 =~ — 4,06 - 108 


o3 
Quin = 4,06 - 10862 "1 Fo gp. (12-4) 
3) Cuavt Ha akope npu exarouennod Kamywke. Tipu yannuuu pa- 
Oouero notoKa P, 
Q= 4,06. 108 Pot PM _ 4.06 . 108 CoO 
HJIH 
Q= 8,12. 10°52" 4,06 . 1082 M=%e gp, (12-5) 
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rye 
8,12 - 108 fue — Q,—cHJla, onpemelnemal pa6ouHM MOTOKOM, OHA 
ocTaeTes MOCTOAHHOH MO XOAy AKOPA; 
406. [08@2—12_"9 = Q,,—cuaa, ONpewedAemMan MOJAPHS YiOUHM 
: as : 


NOTOKOM: 37a CHvla MeHAeTCA Mo XOLy AKOpA. B KOHEYHOM NOWOKEHHE 
AKOPH 


Que = 4,06 + 1086? (12-6) 


4) Munumanbioe sHavente pabouezo nomoKka. Suayenue Y,, cpa- 
OaTbIBaHHA ONpesesmeTcA H3 KPHTHYECKOTO YCJIOBHA 


Q=Q,—Qu = 9, (12-7) 
[i3 (12-7), yauTprBaa (12-9), 
Dig = Pian pres, (12-8) 


5) Koagupuyuenm eosepama. PaccmaTpHBad KOIpPPHILHEHT BOSBpaTa 
No TOKY H Y4HTbIBaN, ITO pabouHe NOTOKH IIPONOPUHOHAIbHbI TOKaM, 





Houyyaem 
i eit eR (12-9) 
a 2 
Suauenue @,, NosdyyaeM H3 yCJOBHA Qox = Quen. 
PpoP 8 hz cki. 
8.122 108 =e = 4,06 - 108d? ~~; 
orciofia acid 
HY : 
Py =P (12-10) 
Yuntptpan (12-9), HMeeM 
Ke =i. (12-11) 
a ee XY 
6) Muntimaabxan MousHocmb cpabamoleanun 
P=[?r (a); r=xko’, (b) 


rie K-—— KOHCTPYKTHBHbI KOSPPHUHEHT, OMpe Mew AeMbIH pa3MepaMu 
KaTYIUKH (CM. rslaBy 2). 


DP = I Wh =, (c) 
[Is (a, 6, c) umMeeM oe 
Pa Ope age (12-12) 
B cucteme c JBYMA KaTyluIKaMH, MpHHHMad K AVA OAHON KaTYyUKH, 
NOY TdeM — rs eiiis 
ee OS, 
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YuntpiBpan (12-4), (12-8) (12-13), MoxHO HafirH 3HayeHHe P 
B (pyHKUHM HayaIbHOTO AaBeHHA Ha KONTAaKTe Qy,. ; 

Audpepenyvanbuaa cuctema. Ognono3nuHoHnas HacTpoliKa. 
KomOnHHpoBaHHoe npeoOsagzanue (pur. 12, 6), 

1. Hpyscuna (n): Qn,»— HavanbHaa cua B MosOKenHH aAKkOpaA 
OTHECCHHaA K JIMHHH mn; j — *KeCTKOCTb Tp y2KHHBI. 

2. Cuaa na axope npu obecmouexnnoti Kamyuike. 


Qi = OQ nn = Qn 


(Bpruncuenve Qux H pactipeqeenue moTOKOB cM. BbILLUe), 





Pur, 12, 6, Marnutuaa cuctema pene. 
KomOHHHpoBaHHan Hactpolika. 


3. Cuna Ha AKope npu eKatouenHow Kamytuxe. Tlonoxenne 1: 
PrP 
Q1 = 8,12 - 1085 — 4,06 - 108S? = — Qn, (12-14) 
Mogoxeune 2: 
PpyP 
Qz = 8,12 - 108 ++ 4,06 « 10862 “3 —Qan— jx. (12-15) 


KT 
SHayenne { — xKecTKocTH MIpy2KHHbI, ——, OTHECeHHOe K JIHHHH mn, 


MIPHHHMaeTCA H3 YCJIOBHA NOMyyeHHaA TpeOyemoro 3HaueHua K,. O6o- 


3HauHB a Se nomywaem u3 (12-14 w 12-15): 


PyP 
Qi = 8,12 - 108—— — 4,06 - 108d? = (1 + a); (12-16) 
PrP 
Qa = 8,12 - 10° + 4,06 . 108d? <3 (l—a)—jx. (12-17) 
] | 
4. Kospiuyuenm eosepama ks = rs a (12-9). 
0 pec 


SHauenne Pp, onpegetum u3 (12-16), npupasHusaa 9@KTPOMarHHT- 
Hylo CHJy MpoTHBoselicTByiomelH, a D,, —u3 (12-9). | 
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O6o03HauHB 
Xx 

4,06 - 108 @? ao O is 

HMeeM os 
8,12 - 108 oe as Qu (1 ee a) 
: PoP | 
8,12 - 108 aime = jx — Qun (1 — 2), 

Tora . 

6 Ga Fa) -— 

JludpepenunasibHaa CHCTeMa. Jisyxno3sHuMoHHaa HacTpokKa 
(pur. 12,7) 


1. Hcxo@xele coomnowenua (CM. BBbIILEe). 
B x 8 
Z, Pass P,=P-—. 


a 


3. Cuaa Ha aKope npu obecmouenHou Kamyuike 
: 
Q, = 4,06 ° 10° p? —. | (12-19) 
4. Cura Ha sKope Npu exkALeHHOU KamyYyUiKe. TlonooxKenne /: 
Q, = 8,12 - 108° °2 4,06 . 10°b? =. (12-20) 
Iocne nepeOpockH AKOpA B NosloxKenve 2: 
Py»P x : 
Q, = 8,12 - LO eo oe 4,06 ? —.. (12-21) 


5. Muxumanvnoe sxavenue paboueeo nomoxa. 3Hayenve P,, — Mo- 
ToKa cpaOaTbiBaHuA — OllpeseiaeTcA u3 yCMOBUA Q, = Qu: 


O,,=O5. (12-22) 


6. Muxumanonan mounocme cpabamoeanua (CM. OAHONO3HUMOHHYIO 
HacTpofiky C MarHHTHbIM Mpeo6.lazannew). | 

Moctosas cuctema. JipyxnosHuMonHas HacTpoiika (pur. 12, 8) 

1. PacnpedeaeHue nomokoe noanpusyroujeeo NOAA 








_G = Ge : 
P= Poe (12-23); p,= P G4 Oy" (12-24) 
ae 5 ae 
G1 = Yoga, } Ge = Boos 
2. Cuaa Ha akope npu obecmoweHHou KamyuKe 
eee sit 
Q,, = 2- 4,06 - 108 ae es 8,12 - 108 B? oe cr 3): (12-25) 
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8. Cuaa Ha akope npu 6K AIOUEHHOU Kamyiuke 
2+ 4,06 - 108 
Q; er ge et [(e, + ®,)? ran (P,, re ®,)*]; 





S 
PypP 3; —~ 8 
= 4. 4,06. 10? 8 12. 1082 1% _ 
Q1 . Pah)? (12-26) 
UJIH 
c= Q,— Qu; Qs = Q, + Que 
2 
fe 
/ 
/ 
A Jaf kos 
%. 
@ur. 12, 7, Marnutuas cuctema, @ur. 12, 8. Moctosaa cucrema 
ABYXMOSHUHOHHAA HacTpolika. peste. 


4. Muxumanonoe sHaxenue pabouezo nomoxa. Hcxoaa 43 ycnosun 
= M H3 (12-26), 
Pre — - 2 (81 + Bo)" 
5. Murnumaaonaa mowxocms cpabamowanun (CM. OJHONO3HIIHOH- 
HylO HaCTpOHKy C MarHHTHbIM Mpeo6wlaqannem). 


PABA 13 
OCOBbIE HCNOJIHEHHA HW CXEMbI 


13-1. STIEKTPOMATHHTHDIE CHCTEMbI C MOCTOAHHbIMH 
MATHHTAMH 


TocTrosHHble MarHHTbI NpHMeHsIOTCA B aeKTpH4eCKHX pesie yxe 
C AaBHHX Nop, HaNpHMep MpW NOCTPpOeHHH NOJMAPH3OBaHHBIX UH Mar- 
HUTOSJIEKTPHYeCKHX pewe. 

SHAYHTeIbHBI HHTepec MpeAcTaBdeT MpHMeHeHHe NOCTOAHHDIX 
MarHHTOB B SJICEKTPOMarHHTHbIX cucTemax. Mcnosb3s0BaHHe cBOGOHOL 
MarHUTHOH SHeprHH MarHHTOB B TaKHX CHCTEMAX OTKPbIBaeT PA BO3- 
MOXKHOCTeH MOCTPOeHHA KOHCTpyKUH pele, KOHTaKTOpOB MK MeXaHu3- 
MOB YMEHDIIICHHBIX Pa3MepOB, C BeCbMa MaJIbIMH BpeMeHaMH cpa6a- 
TbIBa@HHA, MeHbue | mcex (B OObIKHOBeHHBIX 9JIEKTPOMAFHHTHBIX CH- 
CT€MaX MHHHMAJIbHOe BpeMA NOJyuaeTcaA nopszKa 3-10 mcex). Ito 
OnpeReAeTCA TEM, UTO MPH HaNH4YHH MOTOKA MOCTOAHHOrTO MarHHuTa: 
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He TpeOyeTch 3aTpaTbl BpeMeHH Ha HaKOMJIeHHe MarHHTHOH SHeprHn 
Win CpaOaTbIBaHHA, H/in BpeMeHH Ha H3pacxOROBaHHe HakOIJIeHHOI! 
MarHUTHOHM 9HeEprHH B MaCCHBHbIX CHCTeMaX — JIA OTIyCKa AKOpA. 
KOHCTPYKIUHH 9CKTPOMArHNTa BbINOJIHAIOTCA TaK, YTO WIA cpadarTbl- 
BaHHA WH OTHycKa AKOpS! HYKHO JIMMUb NepepacnpeesATh SHEprHuto 
MOCTOAHHOrO MarHHTa B pa3JIMYHbIX YacTAX MarHHTOMpoBoa, T. €. 
ypaBAATh STOH SHeprveH, AA yero TpeOyeTCA BeCbMa MaJO€ 3ila- 
YeHWe 3HEPrHH, CO3faHHO! TOKOM KaTyIKH. Aid MJWHOCTpalluH TIpH- 
Belem HeCKOJIbKO MPpHMepOB HCHOJIHCHHs 3JIEKTPOMArHHTHbIX CHCTEM 
¢ MOCTOAHHbIMH MarHutTaMu. 

1) Baictpojeiictayioujad seKTpOMarHuTHaA CHCTeMa (pur. 13, 1). 
PaccMOTpHM CJIeAyIOUHe OCHOBHbIle MOMOKeHHA PaOOTbl CHCTEMHI. 





Mur, 13, 1, Cuctema ¢ NOCTOAHHbIM MarHHTOM: 
a — 9CKH3; b ~ AHarpaMMa CHCTeMbI 6e3 MaTHATa; C — AHArpaMMa CHCTeMbI C MarHXTOM. 


‘a) KatTymka oO6ecTouena, SkOpb NIpHTAHYT K MarHHTy CH- 
a qp2 
not Q, = Quo — Qnoe — Qus, THE CHA Quo = 4,06 - 10° > Qno — Ha- 


@d 
YaNbHad CHa NpyxkHHbl, Qus = 4,06 - LOF =, npuyem Qus << Qwo- 
3 


Go, Oy. 4 
Pacnpegesenne nmoTOoKOB ®, = DP Get Gs? P, = OGG. : 

G, 4 G3—MpOBOMHMOCTH BO3YWHbIX 3a30poB 2 HB. 

b) Bxsmouenue katymku. Tocue Toro, Kak H.C. KaTyLUKH JOCTH- 
P, 
Go? 
QJIEKTPOMArHuTa TMpOXOAAT yepes sa3s0p 6 — AKOPb NPHTATHBAeTCH. 

c) [Ip pa3mpikaHHu Wen KaTylUKH—AKOPpb BO3BpalaeTcH B 
HCXOJHOe NMOMOMRKeHHE. 

Ha cburype 13,1 npuBezex! zHarpammpr Q =f (6) Aan o6bluHOoro 
auleKTpoMarHuta (0) wu jWIA CHCTeMbI C NOCTOAHHBIM MarHHTOM (Cc): 
TpeOyioulaica AIA cpadaTbiBaHHa H. Cc. KaTyWiKH Fy << F2, padota Ha 
ycKopeHe AKOps, XapakTepH3ylonjaica mlomayKkamu S, B cHcTeMe 
(6) 3uauuTembHO Goubule uem B cHcTeme (c): Sy>>>Sy. O6a ycsoBHA 
o6echeyHBaloT OOVIbILYIO CKOPOCTb Cpa6aTbIBAHHA CHCTeMbI C MOCTOAH- 
HbIM MarHHTOM, 

2) Cuctema pease (pur. 13,2). Cuctema BbinojHeHa C MarHHTHbIM 
luyuTom (/), HMeIOWWMM HeMarHHTHBI 3a3s0p 8. IIpu obecToueHHbIXx 
KaTYUIKaX lee MarHHTa MpoTeKkaeT B 3a30pe WYHTAa 5, MH AKOPA Og, 
hpvyem ©, >>@,. IIpu sxmovennn padoueli KaTyuwKH (p. K.) Move 
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®, BbiTecndeT ,, H B AKOpe MpoTeKaer Bech MOTOK MarHHuTa @ = 
=, -+,. Akopb mputaruBaetca kK cepleuHHky. 

Bo3MOXKHbI 1Ba HCOMHeEHHA peve: ObICTpOJehicTBytonee 6e3 3aH- 
NaHWA WM C 3aJIMMaHHeM AKOpSA. 

B mepsom ciyyae MaruuT BbiOupaetca Takum o6pa3som, 4TOGEI npH 
SaMKHYTOM AKOpe Cua, onpeneaemad NOMeM Dy, Qus = 4,06- 108D? /q, 
Oblia MeHbule cHuIbI Q, — pacTAHyTOH npy- 
2KHHBI, 

Bo BTopoM cslyyae MarHuT BBIOUpaetca 
Tak, 4TOOb! MpH OGecTOUeHHO KaTyuUIKe 
H MpPHTAHYTOM AKOpe Quo > Qn. 

Onucannan cucTema, B cyyae ucnon- 
HeHHs e€ B KayecTBe peste c 3a1HNaIONIHM 
AKOPeM, CHaOKaeTcA MOOaBounol orG6oii- : 
HOH KaTyuIKoM (0. K.), Tome KOTOPOH fel- ur. 13, 2. Cucrema pene. 
CTBY€T HPOTHB NOJA MarHHta. Mcnonmuen- 

Hble CormacHo ackusy (pur. 13,2) koncrpyKuHH OTAMUaIOoTcA BecbMa 
MaJIbIMH TraOapHTaMH, MaJOl NoTpe6semof MOULHOCTbIO H BeCbMa 
MaJIbIMH BDe@Me€HaMH CpabaTbIBaHHa”, 

3) Pene c 3aqnnatoulum AKOPeM 3aBOKa «TpavccBaA3b» BbITOMHeEHO 
B Buwe KonoBoro peste (pur. 1, 28), Ho cepxeynuK KaTyuIKH H3roTOB- 
AREeTCH H3 XpoMHcTOK cram. [Ip KpatKoppe- 
M€HHOM BKJIIOUCHHH KaTYUIKH CepeuHHK Ha- 
MarHHUHBaeTcA W OCTaTOUHOe Home ero jocTa- 
TOYHO JIA YRepKHBaHHA AKOpH TIpH OTKsIO- 
YeHHOH KaTyluke. PaccmatpuBaemad cuctema 
MCHee pallHOHaJIbHa, YeM CHCTeMa, H306paxKeH- 
Had Ha *urype 13, 2, tak kak B JaHHOM cu1y4ae 
TpeOyeTcd saTpata 9HepruH Ha co3qaHue nous 
B 3a30pe AKOPA, MPHYeM H.C. KaTyWIKH JOupKHa 

@ur, 13, 3, Cucrema ObITb BBICOKOH, YYHTbIBAH OTHOCHTeJbHO Goub- 

yaepxuBatoulero mar- WO SHaYeHHe MAarHUTHOFO COMpOTUBMeHHA Xpo- 
HHTAa. MHCTOH CTaJIH. 

HcnouHenve onvcaHHoro pee onpaBsblBaer- 

Ci TEM, YTO B JaHHOM CJly¥ae 3aBO] He JOJDKeH pa3paGaTbIBaTb cnenu- 

aJIbHOH MOJeJM HW HCHOmb3 yer CYILECTBYIOWYIO MOM€Jib KOAOBOLO pee. 

4) Yuepxusatoune marnuth. B paAwe YCTpOHCTB ABTOMaTHKH He- 
OOXOAHMbI yep>KHBaloujHe MeXaHH3MbI Cc BeChMa ObICTPbIM OTK,UO4e- 
HH€M B TpeOyeMbIli MOMeHT BpemeHu. IIpumenenue y Rep KUBaIOulu x 
SNEKTPOMAPHHTOB AVIA TaKHX Wedel HepalMoHasbHo, Jiyumuee pelne- 
He 3aqauv MouyuaeTcA MPH MCIOAHEHHH KOHCTPYKUMH c NOCTOSH- 
HBIMH MarHuTaMH: MpH 3TOM WOCTHraeTCA MHHHMaJIbHad 3aTpata Mar- 
HHTHOM SHeprHH MH 3HaYHTebHO GOJIbUINe CKOPOCTH cpaOaTbiBaHHaA 
(cucTema c nogbemHolt cuno 25 «I MOKeT ObITH BLINOMHeHAa c Bpe- 
MeHEM CpaOaTbIBaHHA MeHbie | scer). 

Ha qurype 13,3 npusezen scxu3 YACpKHBalolleroO MarHvta c 
SCKTPOM@rHHTHBIM OTKOYeHHeM. IIpn 3aMmblkKaHHH wen KaTYLIKH 
NOTOK NMOCTOMHHOrO MarHHTa OTBOAHTCA IeMKOM nO WyHTy (J) u 
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akopb (2) oTnagaeT. B WaHHOH KOHCTpyKUMH HeEO6XOJHMO y4HTHI- 
BaTb NOJAPHOCTb BKJIOUCHHA KaTyLIKH. 

Iipyroe ucnomHeHve yep XHBalolerO MarHHTa TIPHBeACHO Ha (pu- 
rype 13,4. Karyuika HaMaTbIBaeTCH B CaMOM MarHUTOMpOBOne (CM. 
paspe3 CD). IIpu o6ecrouenHoli KaTylke NOTOK MarHHTa yAepKHBAcT 





uK 
Mur. 13, 4. Cucrema ylep2kuBalomlero MarHHTa. 


AKOpb, OTTATHBaeMbI BHeWHel cuNOH Q (1d, 4a). Tipu BKJUOUeHHH 
KATYWIKH TMOTOK NocwesHel BbITeCHAeT Movie MarHHTa H3 3OHbI AKOPA: 
B uacTax a (pur. 13,456) — BeneacTBHe HasMuHA rIpOTHBOMeHCTBYI0- 
mei H. C. KaTYUIKH, 
B ywacTAxX 6b — BcweL- 
cTBHe HacbilleHHA 
yuacTKka. Becb MOTOK 
MarHHTa 3aMbiKaeTCA 
B 9TOM cJyuae Yyepes 
LUYHT. 

aa BbINOJIHeHHA 
ONHCaHHOH CHCTEMBbI 





— 1 TIPHMCHAIOTCA MarHuT- 
mur, 13, 5. Kpusas @ur. 13, 6. Capoennaa THBIC MaTepHaJibl, OOw1a- 
HaMarHHyABaHuHa. cucTeMa. jatouywwe KpyTOH Xa- 


pakTepHcTHkKoH (ur. 
13,5), HalipHMep HHKeJleBble CTaJIM C HHAyKuUMelt HacbieHHaA B, = 
=0,8-10-*, una By = 1,5 + 10-4. 

Huaykuns By, onpeyesemas nosleM NOCcTOAHHOO MarHuTa, ROJKHA 
6bITb B CeYeHHH g, 6H3KAa K HHAYKUMH HacbivleHhA B,. jaa co3- 
aH yCJIOBMA HaCbIIeHHA Yy4aCTKOB b RocraTouHO HeOoubWOro 
SHaueHHA HanpsxKeHHocTH Nowa H KaTyLKH. 

BapwauT HCnOJIHeHHA CABOCHHOM MOJeJIH MpHBeAeH Ha (purype 13, 6. 
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13-2, CXEMbI 


IIpH McnowHeHHH yCTpolcTB aBTOMaTHKH MpHXOANTCA IIPHMCHATb 
pasHoo6pasHble CxeMbI BKNOYeHHA pene. IIpx atom BbiGop mapamer- 
PoB pesle ONpeenAeTCA yCOBHAMH pa6oTbI cxembl. Hue mpoBpoguTca 
aHaJIH3 paOoTbl HECKOJbKHX XapaKTepHbIX CXeM, KOTOPble He OXBa- 
TbIBaIOT, OHAKO, BCerO pa3sHOO6pasHA cxXeM BKJIOUeHHA peste. 

a) INekTpomMarHuTHoe | 
pee B CXEM€ 98EKTPOH- gy 
Horo ycHauTens. IIpu 
BKJHOYCHHH pevie B aHO]- ve 
HY!0 Welb JaMNbl HYKHO 
moqoOpaTb ONTHMaJIbHbIe 
aHHble KaTyLIKH: 7, w, d 
mpopooKku. Jima stot 
eH NOMb3y!lOTCH ABYMA ¢ 
BOJIbT-AMNEPHbIMH Xapak- | 
TEPHCTHK@MH: SJIeKTPOH- 29 
HOH JIaMMbl H pevie. 

1) Xapaxtepu-. @~=—-% 
CTHKH peue Jana 
WaHHOH pacCMaTpHBaeMOH yp. 13, 7, Copmemenve xapakrepucTHk samnbi 
KOHCTPpyKUHH 4H3BeCTHbI H peue, 

SHaveHuA F,— H.C. cpa- 
OaTbiBaHuad Hw Fo—orTnycka akops. Torpe61semaa MOUNHOCTh pesie 
pH TOoKe cpaOaTbiBaHHaA: 


P,= UI, = Pr = [*w? p 





fen (13-1) 


fue lah * 

O6o3Hauan se 

ep + 10~ 

ad ar 5 a 

noyyaem | 
U1, = « (Iw)? = KF?. (13-2) 
Orciona 
KF? 

ie = U." | (13-3) 


Crpoutca kpuBaa 1, =f (U,) (bur. 13,7), koropaa copmemaetca c 
AHOMHOH XapaKTepHCTHKOH JIaMMbI, KaK 9TO NOKa3aHO Ha pHCyHKe. 
IIpopoqa mpamyio cm K TOUKe KacanHa OG6eHX XapaKkTepHCTHK, A 
MpOeCKTHPyA TOUKY mM Ha OCb aOclHCcc, Noyyaem JBa oTpe3Ka: OB,— 
OnpeAeNAOMHH co6OH NaqeHue HanpsxKenua B samme, uv B,C —na- 

U 
meHve B pene U,. Torga conpoTuBsenHe O6MOTKH pele r = 57. Ho 

Cc 
3aaHHoH BemMuHHe F, H NOMyYeHHOMY 3HayeHHIO 7 MOXKHO I'pOBecTH 
pacueT KaTyIKH JIA ONpemeneHua ee OOMOTOUHBIX WaHHBIX. M3 qHa- 
rPaMMbl YCTaHaBJIMBaloTcCA TpeOyemble 3Ha4eHHA HallpAXKeHHA cMe- 
UeHHA. 
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Hpumep. 3anaHo — samna 6C5; pee: Fe = 2506; KoatpuuneHT Bo3Bpata 


k= 7 — 0,4; Kxosdpumnent KatyuiKu « = 8,97 - 10-4. Hanpsoxenne cet 2206. 


C 
HalitH dleKTpnueckoe COMpOTHBJeHHe pele, YHCO BHTKOB, HanpAKeHHA CMeCIMCHHA 
JaMMbI — Cpa6aThiBaHHA H OTMYCKa. 
Pemenue: H3 (13-2): 


2 or 
P= Ugle = KI", = 8,97 + 10% - 620 = 0,56 em. 
Crpoum KpiByio /, == f(U;), 3afaBasiCh pa3HYHbIMH 3HayeHHAMH U,, OTKIAaqbBaA 


snayenve U, B.leBo no ocu aécuuec (oT ToUKH c). IIpH npopeseHHH NpAMoH cm K 
TOUKe KACaHH XapaKTepHcCTHK pee H JIaMMbl NOJysaem: 


yoK cpaOaTniBanna /,== 7,5 ma; Up = 708, 


75 10° a 
fax a - == 10000 om; UNICO BHTKOB W = V< = 3400; 
Eo K 
ToK oTmycKka /g = 1oke = 7,5 +0,4+ 10-3 = 3 ma. 
Hanpsaxenua CMelleHus: cpa6atThiBanna Ua = — 26; otnycxa —Ug = — 78, 


6) Cxema nyabc-napa. B ycTpolictBaxX aBTOMaTHKH 4YaCTO IpHMe- 
HMIOTCH CXEMbI, Ha3bIBaeMbile TyJibC-Napa, ClyKauue jist CO3aHHA 
HMIYJIbCOB C OMpeseJIeHHOH QVIMTeMbHOCTbIO H Nay30H uMMyvbca (re- 
HepaTOpbl HMIlybcoB), Sayava pelliaeTcA NOCpeACTBOM JBYX 3eKTPO- 
MAarHHTHbIX pele C MarHuTHbIM yemmdepom (cm. raaBy 11). Bpema ¢Z, 
Ha cpaOaTbiBaHHe B TAaKHX peJI€ OTHOCHTeJIbHO HeBeJIMKO, NOpAKa 
0,15 cekyHabl. Bpema f, Ha OTMyCK MOKeT ObITb NOJyyeHO B Npeye- 
aX JO HECKOJbKHX CeKyHJ. 

[la dburype 13,8 npusegena npumMepHas cxema fyvibc-napa. Kou- 
TaKTbl pele: 1-2 H. 0. 3aMbIKaIOWIMXCA MPHOBEHHO, Pa3MbIKalolllHxX- 
cA — IPH OOpbipe Wen KaTYWIKH — Cc BbIyep2%KKoH BpemenH; III a. 3. 


Lene [ 





Mur. 13, 8. Cxema uv BpeMeHHad AvarpaMMa MNyJibC-Mapbt. 


KOHTAKT, Pa3MbIKaIOLHHcA MIrHOBeHHO, 3AMbIKalOwlHHca C BbIepKKOlt 
BpeMeHH (Ha cxeMe CTpeJIKa Ha KOHTAaKTe NOKAS3bIBAeT HallpaBJeHHe 
BbIAeC PKK). 

PaGota cXeMbl NOACHHeTCA BpeMeHHOli AMarpammoli. B MoMmeHT 
Bpemenu f¢ ) 3aMblkaeTcH pyOW/IbHHKOM P Lelb KaTYyWIKH pele i 
uepes Bpema f,,, BKJIOUAIOTCA KOHTAKTbI: Ky — Wenn KaTyIUKH 2uKy— 
wenu Kya MowaeTcH HMIlyJIbe. 
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Iipi cpaOarpiBannn pene //(t,,) pagsMbikaeTca wenb KaTYUIKH (J), 
HO AKOPb pede OTMakaeT yepe3 BpemA fy9, ITO Ke BpeMA ONpenemaer 
COOOH AJIMTeJIbHOCTb 34MbIKaHHA KOHTAKTOB K,—JIMTCIbHOCTL UM- 
nyjbea fy. aysa ty onpeyeaetca BpemMeHeM fy) 3AMeQeHHS Ha OT- 
nycK peste (//) naoc Bpems ¢,,. 

B page cialyyaes tpe6yeTca monyyeHHe KpaTKOBpeMeHHoro uM- 
NyJIbCa C OTHOCHTEIBHO AWIHTebHOK Nay3o0H. IIpumep BpimomHenusn 
COOTBETCTBYIOINeH CXEMbI NIpHBeweH Ha urype 13, 9. 





Pur. 13, 9. Cxema u BpemeHHan AHarpamma HMMlyJIbCHOrO 
reHepatopa. 


B CX€M€ IIPHMCHEHA JlaMla C TJeIOUIHM pa3spagoM, KoHTyp rC u 
ObICTpOAeHcCTByIOMee BbICOKOYYBCTBHTebHOe pele, HallpHMep B HCnOuN- 
HeHHH C MOCTOAHHBIM MarHHToM (ur. 13, 2). Kongzencatop C KOHTypa 
pH JOCTHKeHHH oONpeseseHHOrO HaNpsxKeHHA 3apaga U,, coorper- 
CTByiomero MpoOolo aMMbI, paspsxKaercA yepes oOMoTKY pevie. FTo- 
CJI€AHEe CBOHM KOHTAKTOM P; NOCbIMaeT HMIYJIbC B eb, KOHTAKTOM P, 
HAKOPOTKO 3aMbIKa€T EMKOCTD C LeJIbIO YCTpaHeHHA OCTaTOYHOYO 3apAaa. 

ZlutTebHOCTS Nay3sbl: tp = /rC, 
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YACTbh TPETbA 
HMHOIYKUMOHHBIE CHCTEMDI H PEJIE 


NN 


rsJiIABA 14 


MATHHTHbIE CHCTEMb! 
14-1, 3AMAUH PACUETA 


MufxyKUHOHHBIMH Ha3bIBaIOTCA TaKHe SJIeEKTPOMEXAHHYECKHE CH- 
CTEMbI, B KOTOPbIX BPallleHHe NOABHKHOH YacTH, poTopa, NONyyaeTca 
OT B34MMOJeCHCTBHA MAPHUTHbIX MoJeH cTaTOpa C TOKaMH, HHAYKTH- 
PYeMbIMH 3THMH TOJIdMH B poTope. MHAyKUHOHHbIe CHCTEMbI NpHMe- 
HAIOTCH WIA MOCTPOCHHA pele pa3MHUHbIX UCMOJIHEHHIi: TOKAa, Ha- 
IIPH2KCHHA, MOLWIHOCTH, COMNpPOTHBJICHHA, YaCTOTHI, KoadpHunenta 
MOLLHOCTH H JpyrHx. 

Han6onbulee pacipocTpaHeHve NoJyuHH HHAYKUMOHHbIe peice B 
ycTpolicTBaxX peseliHol 3allMTbl, HeKOTOpbIe HCMOJHEHHA MNPHMe- 
HAIOTCH B YCTPOHCTBaX ABTOMATHKH. 

Paspa6oTKa HHAYKUHOHHbIX pevie NpPOBOAHTCA B ABa 9Tamla. 

1) IpoexkTupoBaHue H pacieT HHAYKIMOHHOH CH- 
CT@MbI— paspa6aTbIBaloT CHCTeMy OnpeyeeHHOH dopMbl, onpeze- 
JICHHBIX Ta6apHTOB C YYETOM BO3MO2KHOCTH IIpHMeHeHHA STO opm! 
JWIA Pa3JIHUHbIX BHJOB pele. YcTaHaBJIMBaloT OMpeeJIeHHble 3Haye- 
HHA pacueTHbIX H KOHCTPYKTHBHbIX MapamMeTpoB pa3paO6oTaHHoH 
CHCTEMBI. 

2) IIpoekTHpoBaHHe H pac4ueT peje—no BbIOpaHHoH 
(popMe HHAYKUMOHHOH CHCTeMbl pa3spaOaTbIBaloT CXeMYy BKJIONCHHA 
KaTyileK HW BbIYHCJIAIOT MapaMeTpbI pevie. 

[IpH pBpiG6ope HHAYKUMOHHOK CHCTeMbl AA JavHOrO Bua pee 
VUHTBIBAIOT psi, (akTOpOB: TpeOyemylo SJIeKTPOMarHHTHy!o XapaKkTe- 
DHCTHKY, T. @. 34BHCHMOCTb paOoyero MOMeHTa Ha poOTOpe H 3aMe- 
pAeMOl SIeKTPHYeCKOH BeJIMYHHbI, CJOMHOCTb KOHCTPyKUHH, BpeMeH- 
Hble XApaKTePHCTHKH. 

Moment Ha poTope HHAYKUHOHHOM CHCTeMbI NnonywaeTcH NpH 
HaJIHYHH TCTOKOB, JeCHCTBYIOUMMX Ha POTOP, H CABHHYTbIX B Mpo- 
CTpaHcTBe H BO BpeMeHH. 

IIpH pacuere cHcTeMb! HeOOXOJHMO 3HaTb COOTHOWICHHA Meaay 
9JIEKTPHYCCKHMH MapaMeTpaMH CeTH, a HMCHHO, NOABECHHbIM K CH- 
cTeMe TOKOM, Hallpx?KeHHeM, H MarHHTHbIMH NapaMeTpaMu — MOTO- 
KAMH, CO3aBaeMbIMH B MaPrHHTHOl CHCTeMe. OTH COOTHOIMEHHA 
ONpelesAIOTCA H3 pacueTa MarHHTHOH CHCTeMBI. 

Karkapiii momioc MarHHTHO! cucTeMb! CHaGKkaeTCA WIM KaTyUIKOH 
TOKa, BKNOUeNNOl MOCMeMOBaTebHO B Welb TOKa /, HH KaTYyWKOH 
HaNpPAKeHHT, BKJIOYeHHOH Ha HanpsyKenne ceTH U. B meppom caly- 
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ae SIEMCHT M@PHHTHOH CHCTeMbI paCCMaTPHBaeTCA Kak TpaHcopma- 
TOP TOKa, BO BTOPOM— Kak TpaHcibopmMaTop HanpsKeHuA. Bropuu- 
HOH OOMOTKOH B O6ouxX cyyaAx ABAAeTCA potop. Bce cootHowmenua 
XapakTEPH3ylOTCH H2Ke BEKTOPHbIMH Avarpammams. IIpu noctpoenu 
STHX MMarpaMM MpHHHMAalOTCH crenyoulMe Jonymenusn. 

1) Spnenua paccMatpuBaiotca c yyeTom pa6ornl MarHHTHOH cH- 
CTEMbI B HEHACbILCHHOM COCTOAHHH; 3HaYeHHe HHAYKUHH B MarHHTo- 
MPOBORe CHCTEMBI He TipepbiuaetT (0,4--0,5) 10-4 e6/cm?, nu B nep- 
BOM IIpHOJH2KeHHH He YYHTbIBAeTCH NaweHHe MarH¥THOrO NoTeHUHaa 
B CTaJH. | . 

2) He yautbipaeTca HHAYKTHBHOe ConpoTuBmeHHe poTopa, KoTOpoe 
BO MHOPO pa3 MEHDIIe SvleKTPHYeCKOTO: NPHHHMaeTCH, YTO BeKTOp 
TOKa, HHAYKTMPOBaHHOrO B poTope, coBNaqaeT Mo chase c BeKTOpoM 
3. I. Cc. 

3) He yuvTpiBaeTca HHAYKTMBHOCTh paccenHua KaTYLUKH (B BO3- 
ayxe). 

HanOovee TpyaHo npu pacuete cucTembl ABAAeTCA 3afaua onmpe- 
ACNeHHA MarHUTHbIX MPpOBOAHMOCTelt NyTelH MoTOKa MO BO3~yXy, Tak 
KaK KapTHHa NOMA MOMIOCOB B BOSJYIUHBIX IYTAX CHCTeMbI BeECbMa 
coxwKHa. Tlostomy pacueTHble faHHbie yKa3aHHbIx npopoxwmoctekt 
KOPPEKTHPY!OT J@HHBIMH SKCIE€PHMEHTAIbHOH MpOBepKH, KOTOpy!o 
MPOBOAAT AIH ONpeNeeHHOH MOjeM HHAYKUHOHHOH CHCTeMBI. 


14-2, MATHMTHDBIE MPOBOJMMOCTH BO3AYIIHbIX MYTEM 
MATHHTONPOBOJA 


HeoOxo2HMo BBIYHCIATh 3HaYeHHe MpOBOANMOCTH B BO3Ayxe WA 
MarHHTHOrO NOJIA OTJeJbHBIX NowocoB. BauncieHve npoBoxAT MeTo- 
HOM pa36uBKH Noa Ha NpoctTele burypbl HM Ha OCHOBaHUM SMMH- 
puyeckHx KpuBplx LImugzeasa. 

Metoy Ulmugena yqo6en pun onpezenenusa NPOBOAHMOCTH 3a30pa 
y momocos. lone B sa3sope nosmoca HeO,HOpogHO, HB pacyerTax 
NPHHHMaloT YcpeMHeHHOe 3HayeHve HHAyKuMH B, KoTOopoe nouy- 
WaeTCH KaK OTHOWEeHHE NOTOKa K NpHBe_eHHOM Moma nomoca S,. 
Ecau naomagb nomoca S=ab, to no dopmysiam Umugzensa novy- 
yaioT S, = a,b, Tlo Kpuppim Haxogar nepexol oT au bk a, 
4 b;. 

TaHrenuvaabHaa cuctema. OrgenbHo paccMaTpuBaeTCA KapTHHa 
PacnpewevieHHA NOMA, onpewesiaemMoro HaMarHHunBaomel .cuoll Ka- 
TYWIKH BepXHeroO MarHHTONpoBoORa, OTAebHO HHXKHEPO. 

Ilorok ®, (pur. 14,1 a) cocrour u3 paOouero noToKa P,, no- 
moca /, NpOHH3bIBalomero HCK, WYHTHpPyOuUHx —P,, u P,, 

Ilorok ®, BosBpamjaeTcA B MarHHTONpoBOg nO ABYM IlyTAM: 4e- 
pes movuochl 2 uw 3 no BO3zyxy H 4Yepes CTaJIbHyIO cKOOy C, cBa- 
SbIBaIOIy!O BepXHHH H HWXKHHH MarHXTOMposBog, 

Ilorox @;, onpegeasempiit nH. c. KaTyuleK HwKHero MarHuTonpo- 
BOa, BbIXOMHT H3 Nowuoca 2 (pur. 14,14), paspetBaaetrca Ha NOTOKH 
Pi, Pig u Dy. 


223- 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 





Mur, 14, 1. Pacnpegemenue MOoTOKOB 
B HHAYKUMOHHOH CHCTeMe: 
a — BepxHero; b—HH Kero MarHHTONPOBOsa, 


HekoTopad HeompeseseHHOCTh MpH pacueTe MowyyaetcH Beweq- 
CTBHe TpyMHOCTeli, CBH3aHHbIX C yYe€TOM MarHHTHOTO COMPOTHBJeCHH A 
eS nyTH noToKa Pp, m0 cKo6e (C). 
l—| STO COMpOTHBJIeHHe 3aBHCHT 

oT KauecTBa cOOpKH MarHut- 
HOM CHCTeMBI. 

Ha cburype 14,2 nokas3ana 
IPHMepHan KapTHHa pacnpeje- 
Jl@HUA HHAYKUHH B 3a30pax y 

L_} momocoB cHcTeMbl. HyKe mpH- 
BEICHBI JaHHble H3MepeHHi, 
pOBeAeHHbIX B MHAYKUMOHHOH 
cucTeme peJie MOII[HOCTH. 

IlorokH BepXHero MarHH- 
TONMPOBOAa: 

H. C. KaTYIUKH = 27546; 

Hanpaxenne U = 1006; 








Myr 14, 2. Pacnpeyenenve HHAYKUMH B PD, =5 8-107-° 60; 
HHAYKUHOHHOH CHCTeMe: Py. = 2 1+ 10-5 66; 
@ — B paGouHx sa30pax TaHrenWuasbuon, _ carey 
b — y nomocHuok ayrH cHCTeMbI Cc GapaGaHooM. D; — 1,98 - 10 60. 
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/ 


Tloroku HHKHero MarHHTONpoBoga: 
H. C. KaTymeK = 170 ae; |] =5a; = 4,4. 10-5 96. 


OKpanupoBahwaga cucTema paccmat 3 - 
depen Tote he ge Les PHBaeTcA cocTommen H3 ABYX 
BTOPOK — OXBaTbIBaeMbI 9KpaHomM @) (Gc 
(ur. 14, 3). pu ssraacnenuu mar- 
HHTHbIX CONPOTHBJIeCHHA TA Kax- 
Aoro Nomoca yHTbIBAaIOT compo- 

' THBJeHHE y 3a30pa, AA COopHoro 
MarHATONpOBOa Y4HTbIBaIOT J0- 
NOJHUTEIbHO MarHHTHOe compo- 
THBJeHHe CTEIKOB (C). 





@ur. 14, 3. Pacnpezenenne 


iat eae te aaa @ur. 14, 4. Marxutuaa cucrema 
Teme: B 4-NOIOCHOM HcnonHeHHH: 


I — cepzequHHK; 2 — skpan, i — potop 





ur. 14, 5. Marnuraaa cuctema B 8-nonrocHom HCNOJHEHHH, 


15 ®. A. Crynenp 
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Cuctema c Oapa6aHom. PaccmoTtpHM aa mpaMepa MarHHTHylO 
CHCTeMYy YeTbIPeEXTOMIOCHOFO HCNO/HEHHA Pee MOLLHOCTH (bur. 14, 4). 
Katywikw ToKa pa3memlaioTcA Ha CepAeCdHKax NOJHOCOB, KaTYyLIKH 
HanpsaxKeHHA — Ha ApMe MarHHTOMpOBona, KOTOpbI BbINOJHAeTCH 
COOpHbIM. 

lorok @, NpoHn3spipaeT poTop ABa pasa. MarHuTHOe COIPOTHB- 
yleHve BO3AyWIHOTO MpOMexKyTKa YUHTbIBAeTCA Kak YMBOCHHOE conpo- 
THBJICHHE BOSAYWIHOrO NMpoMexyTKa y OAHOFO HOMOCa. BpruncaenHe 
9TOrO CONPOTHBAeHHA HH OOpaTHOH eMy BeJIM4HHbI MarHHTHOH Npo- 
BOMMMOCTH yOOHEH MpOH3BOJHTb, NO/b3yACb pa3BepTKOH mosioca 
uv 6apabanHa. 

Ha cburype 14.5 noka3aHo HCNONHeHHE BOCbMHIOJIIOCHOH HHYyK- 
HHOHHOH CHCTeMbI H pacnpeyeweHHe NOTOKOB OAHOTO 3 NOJIOCOB. 


14-3. KOS@MHLLIMEHT PACCEAHHA 


Syauenua KOSpPHUHEHTOB pacce@HHA NOMOCOB o — onpenerAtoT 
WIA BbIYHCeHUA HHAYKTUBHOFO COMPOTHBCHHA KaTyLUeK. K oaqxpu- 
LWHeHT paccedHHA ONpeseAAIOT Kak OTHOUIEHHE 


gay Vey 
do ” 
rye ), H %,—COOTBETCTBEHHO YHCJIa NOTOKOCIENJI@HHH NOTOKOB pa- 
6ouero nomoca HW YTedKH. 

Jina yno6cTBa pacueTOB NpPMHHMaIOT BO BHMMaHHe He 4WCIa TO- 
ToKoclenaeHHil, a COOTBETCTBYIOUMe HM T1poBomuMocTH. B pase cay- 
yaeB NOTOKH yTeYKH He CulenssloTCA CO BCeMH BHTKaMH KaTYUIKH. 
Tlostomy MpHHHMaloT B TaKHX CAy4aAX SHANeHHe G,,— NpHBeseH- 
Hoe MO 4uCAY NOTOKOCUeNeHHH 3HaYeHHe MPOBOAMMOCTH. | 

IIpumepot. 1) TanrenunatbHan CHCTeMa, BepXHHH MarHHTOMpo- 
pon (cur. 14, 1): 

Gy. Gn + G,, + Gye 


Ce ge PSG, , 





rye G,, 4 G,— BEIYHCJIeHHbIe 10 TeEOMeTpHYeCKHM pasMepaM TpoBo- 
yluMOCTH B OG6e CTOPOHb! cepeuHHKa. 
2) Cuctema c 6apa6aHoM — KaTYyWWKH Ha ApMe (pur. 14, 4a) 


_ Gp t+ Gun 

Gp ’ 
rne G,,—3HayeHHe MPOBOZMMOCTH YTEUKH, BbIUHCeHHOe MO Feo- 
METPHYeECKHM pa3sMepaM. 

3) Katywiku Ha nosrocaXx. Tlorok ®, cuensaetTcA co BCe€MH BHT- 
KaMH KaTywek. Tlotok yTe4kKH Kaxforo H3_ NOWJIOCOB clenJAeTca 
‘TOMbKO C YACTbIO BHTKOB OJHOM H3 KaTyLUek. 

Uncno notokocuennenuii pa6overo noToka 2W,P,,; 

Uncao noToKocuensenui noToKa yTeukH 2w,P,; 

G Gys, 


_ Gua. 5 — Gn t Fue 
7 ce a «a 


co] 
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14-4. YFOJI MNOTEPb 


_ YraioM NloTepb 6yzem B AanbHeimey CHHTATb yrOwl MexKAY BeK- 
TOPaMH TOKa KaTYyUIKH HW NOTOKa cucTemn. Jaa ONpeeeHHA yraa 
NOTePb HEOOXOJHMO BbIHCIUTS cen youwe 3HaveHua (cm. cur. 14, 6): 

a) H.C. Jf MpoBeqeHHA NOTOKOR B Bosayxe F, uw ctaann F,; 
6) H. C., KOMNeHcupylomtyro noTepH Ha rucTepe3vc H BuXxpeBBe - 
TOKH F,, H noTepH B poTope ce 

7UA BbIYMCeHHA yKa3aHHHX 3HaueHHi H.C. 3afaioTca onpege- 
J€HHOH BesMYMHOH pa6ouero NOTOKa, TaKOH, 4TOObl HHTyKUUA 
B MarHHTonpoBogze Oblla nopanka 


66 
0,4 re OTO o6blgHoe 3HayeHHe uH- 


AYKUHH B HHAYKUHOHHBIX CHCTeMaxX. 
Torga 

eeepc Fi,=ae-l 

a VY 2G’ Co > 
rye aé— yyejpupie aMllepBUuTKH, 
ONPCAeJIAeMble 110 KPHBBIM HamMarHH- 
WHBaHHA MaTepuavia; 

é—cpeqHAA auHa CHAOBOL JMHHW B CTasH MarH¥TONmpoBora. 


| ee AO 
1 U ~~ “ooh ? 

rye P—norepH B BaTrax Ha rHCTepe3sHc WH BUXPeBbIe TOKH: 

¢— KOSPPHUHEHT paccesHHA CHCTeMBI. 

SHavenne /, BadHcasetTca m0 (OpMy.laM, MpvBeseHHDIM B napa- 
rpade 15-5. Uucno BurKxos poTopa NpvuuMaetca paBnym |, 

Fo+F 

tgy= 14-1 
81 = FF. (14-1) 
SHAYEHHE ~ HECKO.IBKO MeHAeTCA IPH H3MeHEHHH NOTOKA B CHCTeMe. 
[Ipaxtuyecku, ofHako, 3TO H3MeHeHHe H€3Ha4HTeJIbHO H yron no- 
Tepb CYHTaIOT NOCTOAHHbIM. B HeKoTOpBIX calyuasx YROOHeH BEIUHC- 
Tb yroul NOTepb NO NPHBeAeHHBIM 3HAYeHHAM TOKOB. 





ur. 14, 6. Bextopuaad guarpamma. 


14-5. BEKTOPHBIE JIMATPAMMbI 


Bektopubie yuarpamosi CTpOAT AIA NOMYYeHHA aHHbIX OTHOCH- 
TEbHO COCTABAAIOMMX TOKAa KaTYUIKH HM yrsoB M@KTY BeKTOPaMH. 

TaHrenuvajbHaa cucTema. Bepxuult MarHHTONpOBoR 
(pur. 14,7). Tloctpoexne AHarpaMMbl HadHHaIoT C NOTOKa ®, — pa- 
Govero NOTOKa, MpoHH3bIBatomero AHCK; YYHTbIBAX, 4TO cHCTeMa 
PacCMaTPUBaeTCA Kak JIMHeHHan, 3afaloTcA s06bIM 3HaueHHem ®,, 
HO MpH YCOBHH, 4TO 3HayeHHe HHAYKUMA B CHCTeMe NOWYYHTCA He- 
OObUIMM, NopagKa 0,4. 1074 66/cm?. 

IIpu noctpoexnn BEKTOPHOM HarpaMMu: 

1) cocraBastomHe ToKa Jy, onpezeas0T 10 noTOoKky ®, u mposo- 
quMOCcTaM G,; 7 
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2) coctapasiomue /,, ONpenemAioT HO nomHomy oToKy P= 
=P,+0,+,, 7. & MPH HaxorneHHy gHayenua H no KpHBOH 
HAM@rHHYMBaHHA YUHTbIBaIOT 3HAdeHHe B, a He B,;3 

3) cocTaBsAIONyHe TOKa NOTEPb [, Takxke HaxOAT MO NOTOKY @. 
Haxonat nomHoe 3HateHHe noTepb P B BaTTax. PacnpesesAnioT STH 
NOTepH MpONOPpWHOHAJIbHO HOTOKAaM P, u ®, + Py: 

Py. Py + Py, 
aaa 





{p 


Mu 4, 7. BexTtopybie AHarpamMMbi TAHTeHWMaIbHOH CHCTeMBI. 


TlpupemeHHble 3Haye€HHA TOKOB. 
; 
I aa | 


; Fie 
pnw? 


mn U? 


Vis BeKTOpHOM AMarpaMMbl OMpeseAOT SHavenHy yIrJIOB: 


Pa 


ln= O° 


1) ¢,—Mexay U u Ix; 2) NOTepb ¥.- 


B aHHOM HCNOJIHEHHH CHCTEMBI o6a yrua ocTaoTca TIpHOHKEHHO 
TOCTOAHHBIMH TIPH pa3HbIX HanpAxKeHHAX (pH yCJIOBHH NOsHOrO 3a- 
ONHeHHA OKHa MarHuTonpoBosa). B pacueTax CHcCTeM TacTO NPHMe- 
HsloT 3HaueHue 8,— yrna U—®,; Be = <x +7. B WcnoJHAeMbIX HH- 
KVKUMOHHBIX CHCTeMaxX 3HaveHHe 8, Kone6seTCA B mpemesax 85— 
105°. Menpuimit yroa noaysaeTca NpH 6onpulem 3a30pe iiyHTa, 6oulb- 
Hui — pH MHHUMAJIbHOM 3a30Pe. Yron 7— OprBaeT nopagKa 12°. 

HuxHuli MarHuTONpoOBOY OObMHO cHaOKaeTca KaTYLUKaMu 
TOKA, KOTOPbIe BKJMOUaAIOTCA MOCMeAOBATEJIbHO (pur. 14,7). [locrpoe- 
Hue AMarpamMpl (pur. 14,76) HaunHalot C BeKTOpa @;, TpOHH3bI- 
Balollero MHCK. SaaloTcA OlpeRevieHHbIM 3sHaueHvemM @,;. JJaHHble 
BeEKTOPHOH HarpaMMbI: 

E, = 4,44 fP; BoMbT; 

Lon == JP I, cs a > 

2We U- 

U,—tafenve HanpaAKeHHA Ha KaTyllKax. 
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IIpu BbyucneHHN noTepb Ha THCTEPe3HC H BbIXPeBLI€ TOKH yun- 
THIBACTCA TakKe MW NOTOK paccefH¥A MarHuTOMposoga. 


I, ompeqeasetca 43 coornomenua ) 21,2W2Gp = ®;. U3 Bextop- 
HOH AMarpaMMbl onpefensior yron NOTeEpb yy: 


tg Vx = ae . 
ph 
B onpefemeHHoit MarHuTHo cucreme yroul MoTepb y, ocTaetca 
NPHOJIW2KeHHO NOCTOAHHBIM NP pasaHUHEIX SHaY€HHAX ToKa /, 3Ha- 
-4eHHe ero B HCNOMHEHHbIX 
cHCTemMax — nopsyka 12°. 
YTOJ 9x — MEX BEKTO- 
POM Toka / H BeKTOpoM naje- 
HUA HallpaxKeHHA Ha KaTYLI- 
ke U,—nopsaaxa 60—62°, 
_Bektopnaa ynarpamma 
SKPaHHPOBaHHOK CHCTeMpbI 
(pur. 14,8). Torok ® mar- 
HHTOMpOBOAa pasfzesetcsa y 
NOJIOCOB Ha JBa oToKa: 
®,—lpotekaiomero B He- Es 
SKPaHHPOBaHHOH yacTH 3a- IP 
sid hia P,—B SKPaHupo- mur, 14,8. Bextopuaa quarpamma aKpauupo- 
BaHHOM. MaruutTuas cuctema BaHHOM CHCTeMEI. 
PaCCMaTPHBaeTCH Kak cuH- 
CTeMa C AByMA Nomocamu: J uw 2 (dur. 14, 3). Marnutapte conpo- 
THBJICHHA MO NYTH NpoxoxyeHHa TOTOKOB ®, u M, pa3nvuHpl, 
NOSTOMy 06a OTOKa He paBHI Apyr APyry HW CRBHHYTHIeNo dbase Ha 
yrou }. Bexropubie guarpamopl AA Pee C KaTYIIKOH TOKa u Ha- 
HPAKCHHA CTPOATCA aHanoru4Ho. Toctpoexue HarpaMMbl HauHHaior 
c moToKa @,, 
Jlauupie BexTopHott Mar paMMp!: 
!5n — IPHBeZeHHOe 3HaYeHHe TOKAa 9KpaHoB: 


E, ms 3 
rw V 9 r,t 








Loan = ammep. 


IIpu Bpruvcnenun -r, YUHTBIBAIOT, 4YTO OO6a SKpaHa—wna HHKHeM 
HM BEPXHEM MOJOCaX — BKAIOYeHAI NapanesbHo. Torgza 


Lees 
a= 9 Og =a 1. 





Hjanee npene6peraor HHAYKTHBHEIM COMPOTHBJICHHEM 3KpaHa, BeCbMa 
MaJIbIM CPaBHHTeJIbHO C OMHM4eCKHM. BoruncaeHve ocTasbHEX napa- 
MeTpOB JHarpaMMbl NPOW3BOAAT, KaK YKa3aHo Bbllule, 

Yroa } Mexyy noToKamMu ®, u Py onpesesseTCA B OCHOBHOM 
SHA@YeHHeEM TOKa Jpn H C HEKOTOPHIM NpHOlM2KeHveM BbIYHCIAeTCA 
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no culeqyiomeH dopmyse: 


a ha = oD, V 2wiGe ee wGe 
oh aes da r,;WP, fy (14-2) 
Yron  OpipaeT NopaAaKa 45—50°. 
Bekropubie AvarpaMMbl cucTeM C G6apa6aHHbIM POTOPOM CTPOATCA 
MO OMHOMy H3 yKa3aHHbIX MeTOJOB. 


14-6. BIIMAHWHE PEAKUMK POTOPA 


Bo pcex paCCMOTPeHHBIX CIYGaAX BIHAHWE peakKIHH PoTOpa yuTeHo 
pH MocTpoeHHu AHarpaMMbl BBeeHHeM mpHpeseHHoro TOKa I pn, 
HHJYKTHPOBaHHOTO B AHCKE. 

BunaHve peakuHv poTopa OKa3pipaeTCA Ha YMeCHbUICHHH MOTOKOB 
nomtocos. Ilostomy SKCNepHMeHTaJIbHy!o MpoBepKy MapamMeTpoB Mar- 
HUTHOH CHCTEMbI HeEOOXOJHMO MpOHSBOAMTb Hay CHCTEMaMH CO BCTAB: 
jeHHpim potopom. [Ipu npoBeweHHbIx MCbITAHHAX YeTHIPe XMOJIOCHOH 
cucTembl C 6apa6aHHbIM POTOPOM NOwJyWeHbI CueAyIOUMe JaHHble, Xa- 
pakTepH3ylOMlHe BIMAHHE peakUHH POTOpa. 


Tlorox, Be6ep + 


: H. C. 
Tlownoc ammep- Potop Porop 
BHTKOB BCTaBJICH BbIH YT 
2 ee em 
4,7 - 10-° 5,9 - 10-5 
C KaTyIWKOH TOKa . . 156 80% 100% 
C kaTywkKo HalpsKe- 7.1075 7,75 - 10 
*KeCHHA 1 ee ee 205 90% 100% 


14-7. CMOCOBbI HSMEHEHHSA YIPJIOB 8, u Bi 


BaxkHbIMH JIA pacdeTa napaMeTpaMi HHLYKIHOHHOM CHCTEMbI 
ABIAIOTCA YIVIbl: | 

B,—Mexjly BeEKTOPOM Halipa7KeHHA U wu pa6ouum noToKoM Pp, 
nomioca ¢ KaTYIKOM HanpsxKeHHA. SHayeHne B. (pur. 14,7) onpeze- 
yiaeTcs) KAK CYMM@ YIJOB 9, H Y M 3aBHCHT OT BeMYMHbI UlyHTH- 
pylomlero MOTOKa MarHHTONpOBoOsa, BevIMYMHbI OMHYeCKOrO CONPOTHB- 
JIQCHHA KATYWKH W APyrAHX AaHHbIX CHCTEMBI. 

8, ~Mexmy BeKTOpOM TOKa / KaTYLIKH TOKa 4 MOTOKOM @ novroca. 

OosrmHo yroa 6; paBeH yruly NoTepb ¥ (pur. 14,7). Kaxnas 
dbopMa WHAYKUHOHHOH CHCTeMbI XapakTepHsyeTca onpeeJIeHHbIM 
3HAUeCHHeM YIJIOB 9, HU Y, a CieMOBATEJIbHO, 8, H B;. OTH yYvibi 
OcTaloTcd NpHOMKeHHO NOCTOAHHBIMH NpH pasvIMVHbIX pexKHMax 
padoTbl pesle, Tak KaK HMHAYKUMA B MarHHTOMpOBOre CHCTeMbI He j10- 
CTHraeT 3HaveHHA HacbillleHHA. 

IIpu paspa6orKe HeKOTOpbIx HCHOMHEHHM pee HEOOXOXHMO HMeTb 
sHaueHua 6, HB; OTJHYHbIe OT HOPMaJIbHBIXx 3HaveHHH JaHHOW CH- 
ctempl. CyllecTByeT HE€CKOJbKO CHOCOOOB H3MCHEHHA STHX YINVIOB. 

Vsmeneune yraa Be. Jia u3MeHeHHA yruia B HeGOJIDLUUX 
iipenemdax — Nopsaka 20—30° — BKNOFAIOT MOCEMOBATEJIBHO C KaTylu- 
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eae HoOaBouHoe omuyecKoe CONPOTHBJICHHE; Np 9TOM 
y poe yTOA Px, A CN@NOBATebHO H yrou 6. 7 
oe BEMCHHeM MOCENOBATeNbHO Cc KaTylWKOH HanpsxKeHHA emKocrT- 
CONPOTHBJICHHA MOXKHO YMeHBUINTb: 3HayeHHe 8B. B 6on 
mpeneax. : 7 : owie 
M3mMeneuue yr 
fia 8; Jina w3mMeHenua 9 
HACTCA HECKOAbKO cnocobos. pve enue BRU aee 
1) Wyxmupoeanue 
KQaMYWKu MOKA omUuYeCKUM Con 
t omue 
(pur. 14,9). Vs BEKTOPHOH MarpamMBl ‘i ne 


2 
Ig = 15+ 1? — 21,1 cos 8; (a) 
U, = 1,25 = I org. (6) 


B nowyyenuprx | 
COOTHOLUCHHAX HeH3BeCTHHI 
Z, W yraa y “sBecTHBI. | I, 1 Wry, 3HaGeHHA 





ur. 14, 9. Cxema ana usmeHenna yraa 8. 


; Ea ai sHayenHem /, B BHJe onpezenennos” BeJIM4YHHbI OT TOKA 
: (HanpHMep I, =0,8/), Mooxxo, NOJb3YACb BbIPaKeHHAMH (a) 
(6), HaliTH 3HayeHHe r, HeOGxoguMOe ANA NONydeHHA yrna 8 


Torga 
B= o+y. 


a Ha cepdeunuxe nacaueaemca KOpomKo 3amKNymaa eunosa 
PH HaJH4HH Ha CepewHuKe Takoll ruabayy (pur. 14, 10) 
yBeuuHBaetca. [Ipuspegennc OBHC decals 
PHBeACHHOe K YHC/Y BATKOB W OCHOBHOM KaTVIIK 
SHadeHHe TOKAa B rHvib3e oo 


I, E, wD, 
> (a) 


log a8 = = 0? 
w Fe V2r.w : 
javiee 


P=V21, 06, (6) 


=a of ,G . | 
i, = 2 a (@) 
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B wanHol cucTreme H3BeCTHO 3HayeHHe yrua ¥; gHaueHHem yrvia 8; 
3aaloTca: 


font Int Tan _ Hott + 2lyGir 
tg 8; qoaeanl) aaa 


, (2) 
p 
KH JI 


woG 
te8, = ter + 2. (2) 


U3 (0) ompetensmior sHaqeHHe 7, H reoMeTpHyecKHe pa3mepbl PHJIbSbI. 
luyb3a BLINONHAeTCA OObIMHO H3 MEe/JIH. 





@ur. 14, 10. WcnonHenue nowtoca ¢ rHJIb3SOH: 
d — rHJib3a. 


3) Ha cepdesnuxe nacamueaemcn OonoanUumeAbHan a wr 
ekatouaemaa Ha emKocmb. B QONOAHHTebHOK KaTylike alee) 
HHAyKTUpyetca TOK /g; (pasa BexTopa /, onpefeIAneTCH COOTHO 
M@KLY HHLYKTHBHbIM H €MKOCTHBIM COMpoTHBJeHHAMH. Bs at 

O6pIyHO NOMGUpAalOT EMKOCTb K YCJIOBHAM PeSOHAHCa. puBpex a 
guaueHue TOKa Jo, BTOPHYHOH OOMOTKH ONpeseHTCA HS COOTHOLIe 


wow: G 
Iw EwW. __ 2 2 G 
lon, ae oi a OL yw, Zs 


eee eee 
— — 


Wy Zs, V 22,01 





Tlpu Hactpofixe BTOpHyHOrO KOHTYpa B pesoHaHc 
G 
— 2 ——" @ 


B rnape 2 noKka3aHo, 4¥TO NIpH OMpeseseHHbIX 3a],aHHbIx raOapuTax 
KaTYWKH : 
: Is = Rw. 


Torga 


ln =Or.z © 


V3 pexTopHo muarpammel (pur. 14, 115) 


lon tin + fen | oG 
tgh=~ 7, = SYT & 
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HJIH 
G 
k = Sates ® 
tgpi—tgy” 
as ycTaHoBneHva qWiCNa BUTKOB KaTYWUKH 3aatoTca OnpexeeHHbIM 
SHAYCHHEM CMKOCTH Nopayka | -+-2nF. U3 ycnosua 


I 
| ol 
ww 2 a 
HaxOJIUM 
1 
oY GC 
Ilo H3BeCTHHIM, 3a7aHHbIM B KOHCTpyKUHH, ra6apuTaM KaTyLIKH H 
NO YHCJIY BHTKOB BbIGHCJIAIOT 3HaudeHHe HaMeTpa NpoBposoKn. Tounas 


@ 





@ = 





ur. 14, 11. Ucnonnenue nosoca ¢ 206aBounok KaTYIUKOH. 


HacTpolka Jia nomyyeHua Heo6OxonHMoro yria ocyMlectBAsetTca pe- 
TYHPYCMbIM SJIEKTPHYeCKHM CONpOTHBAeHHeM, UIYHTHPYyIOUlHM em- 
KocTb C. 

13 paccMOTpeHHbIX Tpex cnoco6oB u3MeHeHUA yrsia 6B; Han6onee 
WacTG MpHMeHAeTCA TpeTHH — BBegeHHe ONOMHUTeENbHOK KaTYLIKH, 
BKJIOUVGHHOH Ha €MKOCTb, Tak KaK MIpu 3TOM cHocobe mMowyuaerca 
MCHBIUCe SHA@YeCHHE MOIIHOCTH B ed, NoTpeOdemMoH KaTyuIKOH. 


CJEABA 15 


TOKM B POTOPE 
15-1. QUEKTPOABH)KYUIME CHJIbI, HABEXEHHBIE B POTOPE 


Tip HanHaun B MarHHTHoli cucTeme noToKa, Nepecekatoulero potop, 
B NOCHeRHEM BO3HUKaIOT TOKH HMHAYKUHH, BCIeACTBHe HaBeleHHEIX 
B HEM SJCKTPOABHKYMMX CHI. PasmMyuaioT wBa Bua 9. J. C., HaBe- 
H€HHbIX B poTope: 

a) 9. 0. C. TpaHcopmauun, Nowyyaroulaics TIpH NpOHH3bIBaHHH 
POTOPa Ma@rHHTHbIM MOTOKOM MOJHOCOB; 

6) 9. 0. Cc. pesaHHa, nomyuatomasca TIpW NlepeceyeuHu Bparmlar# 
INMMCAH POTOPOM TIOJIA TMOJIOCOB. 
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TipH HenogBHxKHOM poTOpe CyMeCTByeT TOJIbKO 9. A. C. TpaHc- 
dbopMalinH, Np BpailleHHH poTopa jo6aBsiaAetTca ee 9. 0. Cc. pesaHHA. 

a) QnekTpoyBHxKyulad CHa TpaHcopmal\uu. Ha gurype 15,1 
noka3aH 3/leMeHT CuCTeMbI c ZHcKOM. Ilorok, Co3HaHHbIh B MarHHTHOH 
A cucremMe OGMOTKOH c TOKOM 7, 
@ nepecekaeT JHCK, pacnoo*KeH- 
HbIfi B BO3yWHOM 3a30pe 6. 
B aucke HHAYKTHpyeTca 3. & C. 
E,, oTcraiouad mo dase oT 
noTtoKa Ha 90°. 

Iloa weaicTBHeM 9. 4.C. B 
mucke mpotekaeT ToK /,. IIpu 
MpopeweHHu pacueTOB NpHHH- 
MalOT UHCAO BATKOB AHCKa paB- 
HbIM efuHHue. Jlaiee mpeHe- 
6peraioT HHAYKTUBHbIM COMpo- 
THBJICHHeM JHCKa HM NOvlaralor, 
4TO TOKH /[, H 9. A.C. E, CO- 
BhafaioT mo (pase. 

Jlefictpyrouee $ 3HayeHHe 
9. 0. Cc. 


I~ 
5 
. 
S 





@ur. 15,1. Toku Tpancopmaluy B AHCKe. 


E,, = 4,44 f® Boupt, 


rye f—uactoTa B ey, P—Bs sedepax; w= 1. 
O6o03HadNB 3JIEKTpHYeCKOe COMNPOTHBIeHHe AMCKa f,, NONyIaeM 


E 


ee 
I, = — ammep. 


3 


Ananormunad KapTHHa = mouy- 
qaeTCad H B cHcTeme Cc OapaOaHOM 
(pur. 15, 3). 

Ilorox ®, onpefensemblH H. Cc. 
KaTylwiek { H 3, MpOXOZHT OT TlO- 
gmioca / Yepe3s poTop H CepfeuHHK 
K momocy 3, HaBOJUT B poTope 
9. a. c. E,. Hanpapnenve TOKOB 
noka3aHo Ha pa3spe3e Oapa6ana, D 
a TakxKe Ha pa3BepTKe GOapaGaHa ur. 15, 2. Toxw pesaHua B AMCKe. 
B tae (ur. 15, 3). 

6) DJaekTpOABUAyWaA CHa pesaHHsA. [Ip BpauleHHu poTop Nepe- 
ceKaeT TIOTOK MarHuTHOH CHCTeMbI, H B HeM (poTope) HHAyKTHpytorca 
9. A. c. pesanua E,,, Co3sqatonve TOKH pesaHHA I 1, UpenAaTcTByloulHe 
BpallleHHio poTopa (corsacHo 3aKouy Jlenta). 

Hanpapsenve 9. J. C. MepmeHAHKYAPHO BeKTOPY V, CKOpocTH 
BpameHua poTopa. Bextop £,, copnagaeT m0 tbase C BEKTOPOM NO- 
Toka. Kaptuua pacnpemejeHua TOoKOB pe3saHiaA NoOKasaHa Ha (pu- 
rvpe 15, 2. | 





lpr L£pr 
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Tleficrsyomee sHayenue 9. 2. c. pesanua 
B 
E3.= 75 Vi, BOJIBT, 


66 
re B—UHAyKUHA B aaa 
V —ckopocTb spamenusa poTopa Mog nomocom B cam]cex; 

/,—(4uHa B CM NpoBogzamel HUTH poTopa mo nowmocom 


B HalpaBJicHHH, NepleHAMKYJAPHOM JBHXKeHHIO poTopa. 


@ | ' © 





®ur. 15, 3. Paspes # paspepTKu OapaGana: 
a — paspes; b ~ TOKH TpaHCciopMalluA; c — TOKH pesaHua. 


OGosHaqHB d/eKTpHyecKoe CONpoTHBNeHHe AUCKa mA Tpy6oK 
TOKOB pe3aHHA 7p), Nomyyaem 


\ ‘pl 
} Ip =~" amnep. 
Pl 
Ha purype 15,3 noxasana B pasBepTKe KapTHHa pacnipeyenenna 
TOKOB pe3aHHA B OapaGane. , 


15-2. BBIUHCJIEHHE 3HAYEHHA TOKOB TPAHC®OPMALLHH 


Toku TpaHctopmauHu B poTope PpacCMaTpHBaloTCa B BUA OTACIb- 
HBIxX Tpy6ox. IIpu pacuete cucTembr HeEO6xOAHMO ONpeeIHTb 3HaYeHHe 
NOTHOCTH TOKa, MpoTeKatolero B ONpexeseHHOM MeCTe poTopa, Ha- 
NpHMep MOA OMpeevIeHHbIM MATHHTHbIM MOJOCOM. 

SaTpyQHeHHA BOSHHKAIOT TIpH oNpeseneHuun 3HaveHHA COMPOTHB- 
JI@HHA ONpezeeHHOH Tpy6KH ToKa. 

Han6onee npocTto onpegenaetca sHayuenne Tp, TIpH CHMMeTpHYHOM 
PacHOJIOKEHHH KPyrsoro NowOca 10 OTHOIMeHHIO K AucKy. B atom 
Ciydae TOKM TpanciopmaunH |, HMelOT BH, KOHUCHTPHYeCKHX TPy6ok. 
OgHako B lipakTuyeckux Cayyaax nomwoc Bcerja pacnoviaraetca He- 
CHMMCTPHYHO OTHOCHTeEJIbHO AHCKa: HMeIOTCH HCNOHEHHA HCKOB 
He Kpyrsiow opmbi, ceyeHHe mowtoca uMeeT BULL IIpAMOYrOJIbHHKa, 
KBaypata. 
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Bo Bcex STHX CyyaIX OTCTYMeHHA OT NOMHOH CHMMeTPHH TOKH 
B ucKe HH OapaOaHe pacMosaraioTcA B BAe Tpy6oK, rpaHHuHble 
MOBePXHOCTH KOTOPbIX HMeIOT BeCbMa pasHoo6pa3uble H YaCcTO He NOZ- 
atomueca ‘anamusy dopmpl. B caOKHbIX CHyyaAx pacnpeteJeHHA 
TOKOB B poTope TNOACueT COMpOTHBMeHH TpyOoK TOKAa TpaHcopMallnu 
MIpOH3BOZHTcA rpaco-aHasIHTHYeCKHM HYTeM. 

Han6Oonee “uaCTO HCHOMHAIOTCH CHCTeEMbI C KPyIJIbIM AMCKOM C HO- 
JHOCaMH, PACMO/OKeCHHBIMK HECHMMETPHYHO OTHOCHTEJbHO IeHTpa 
(pur. 15, 1). B srux caygaax ToKH /,, paCCMaTPHBAIOTCA B BAC Tpy6oK 
C FpaHHUHbIMH ypOBHAMH, KOTOpbie NpeCTaBJAIOTCA B BHC HCKOH- 
WeHTPHYeCKUX WHIMHApHYeCKUX nopepxHocteli. B cuctemax c Oapa- 
6aHoM owyyaeTcd aHaslOrM4uHad kapTHHa paciipeseeHHAt TOKOB 
(pur. 15, 3). 

IIpu pacnonoxKeHHH MOJIOCOB COrdaCcHO cburypam 15,1 a 15,3 
MOMKHO NOMYYIATh BbIPAKeHHe WIA AHAMMTHYECKOFO ONPeMeeHNA SHa- 
ueHua ToKa. Jlna STOTO NlOJIb3y!OTCA MeTOJOM oTo6paxkenuft MarHHT- 
HOrO NOAA — lO aHasIOrHH Cc MeTOJOM OTOOpaxKeHHH SVJIeKTpHyeCcKorO 
Novis. 


15-3. METOJ, OTOBPA)KEHUA JIA CHCTEM C AMCKOM 


PaccMoTpHM KpyIrJibl AHCK pawtHycoM Rc nomocom P, paciovo- 
*KeHHBIM BHe WeHTpa AucKka (pur. 15, 4). Tpy6ku ToKoB MMetloT rpa- 
HMYHbI€ OKPy2KHOCTH Ky, Kg, Kg... Ilo mMeToay oToOpaxkeHHH AMCK 
paccMaTpHBaeTcA Kak WacTb 6ecKOHEYHO TPOTAXKeHHOTO JIHCTa, Ha 





Mur, 15, 4. JlmHua ToKoB B AHCKe. 


KOTOpbIli AelicTByeT Ba NOAA: nomoca P — ReMCTBUTeBHOTO, HW NO- 
mioca P’ — Boo6paxkaemoro — o6paTHoro momocy P NOApHOCTH. 

Hlomocst P u P’ uuayKTupyioT B 6eCKOHeEYHO OO/bIOM JHCTE 
TOKH, PaBHble HHAYKTHPOBAHHOMY 3Ha¥eHHIO 9. J. C., ACMCHHOMY Ha 
OMHYeCKoe COMpOTHBJeHHe TpyOKH TOKA. 

OKBUNOTCHUMANbHbIe JIMHHM 9. A. C. WpescTapsaioT cobow pafu- 
aNbHbIe JIMHHM, BbIXOMAWIHe H3 KaxKgZoOrO nostoca u_ oOpasylone 
OKpyKHOCTH C WeHTpaMH, PpaCNOJIO%KeHHBIMH Ha JIMHMH CD. B Kako 
MeCTe SKBUMOTCHIMAIbHbIe JIMHHM 9. Il. C. pacMOJaraloTcH HOPMaJIbHC 
K JIMHUAM TOKOB — Ky — Ky —Kg, KOTOpbIe Tak2Ke NpeAcTaBsAioT coool 
OKPy2KHOCTH. 
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Takum o6pa3o0m, Bokpyr nomocos P x P’ pacnoslaraiorca Tpy6xu 
TOKOB, OFpaHWYeHHble OKPyAXHOCTAMH Ky, Kp... 4 T. 2. Kaunas 
TpyOka TOKa paccmaTpuBaeTCA B aHHOM Culy4ae He3aBHCHMO OT APyrux. 

Ec BbIpe3aTb OJHY MM HeECKOMbKO TpyOOK TOKa, STO He BAUAeT 
Ha NpoTeKaHuve Npouecca BO BCeM JIMCTe OeCKOHeYHO GosbUIMX pa3- 
Mepos. IlostoMy MoxKHO BbIpe3aTb B 3TOM JIHCTe 4aCTb, 0 pacnioso- 
*KCHHIO H Pa3MePaM COOTBETCTBYIONLYIO AHCKY pele Cc NOMOCOM, c Tem, 
OMHAKO, YCJIOBHeM, 4TOOb! TpaHHyHad OKpyMKHOCTh AUWCKa cooTBeT- 
CTBOBaJia OnpegeneHHOH KpHBOoH. Hanpapnenwe uw BeIMUHHEI TOKOB 
B BbIPe3aHHOM YaCTH AHCKa pH 
3TOM He MeHAIOTCA. 

Ha ocHoBaHuw M371I0x%KeH- 
HOrO fMowlyyaeTca cCNezyromjee 
NpaBHO AIA BHIUHCIeHHA 3Ha- 
YeHHH TOKOB TpaHcdopmalluH 
B OMpeyeseHHOH Touke A puCKa 
(bur. 15,5); Haxogzsat nonoxe- 
HHe BooOpaxkaemoro fowroca 
H paccMaTpyBaioTr 3HayeHHe 
TOKa B Touke A cocTOAIIUM 
H3 CYMMbI JByX TOKOB: 

Iq1, ONpeensemoro 39.0.C. 
£, oT noma nomoca P; Mur 15, 5. Huarpamma ana onpegenenna 

Ig, ONpesemAemoro 9. J. c. TOKOB B JHCKe. 

E, oT noma nomoca P’. 

Hwke NpHBOAATCA OCHOBHbIe COOTHOWEHHA AIA BLIYUCHeEHUA WOT- 

HOCTeH TOKOB jj, HU jag B TOUKe A UHCKa. 


é 
a) MecropacniojiomeHue Boo6paxaemoro nomoca. Pacctosnue Ry 
nomoca P’ onpezenaerca u3 cooTHomleHua 





RiRi = R?. (15-1) 
6) 9. a. c. E Aaa Tpy6xu ToKa, pacnonomwenHoli BHe Tomoca 
E = 4,44f@ pounpt. (15-2) 


2. A. C. ANA TpyOKH ToKa, pacnouoxKeHHolt B mpeqeax movoca, 
E = 4,44f@ R2/R®, 


rye R,— pakuyc Tpy6Ku Toka; R,—paauyce Kpyraoro nosmoca. 

B) ConpoTuBseHHe Tpy6Ku TOKa PpafHycoM %, WHpHHOK dt, upu 
nowoce P, paciiosioKeHHOM B WeHTpe JHCKa, ONpeJeiseTCH 3 BbI- 
paxkeHua 


2Qnt 
dr = yAdz OM, (15-3) 
rye t H At—B CM; 
A— TOJIMHHa AWCKa B cM; 


I 
¥ — YAebHat NPOBOAHMOCTb JHCKa B Ounce 
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r) Tnornoctu ToKkos. I]pu BbMHCeHHA MWIOTHOCTH TOKOB far ¥ Jos 
y4HTbIBAIOT, YTO TpyOKH TOKOB. pacnosaraloTcd KOHWEHTPHIHO C MO- 
srocamu P u P’. 310 BbITeKaeT W3 MeTOMa OTOOpaxkeHHii (cM. Bpllule). 
Torga, yYHTHIBad paccTOAHHa TOuKH A OT LeHTPOB MOJIOCOB tT H ts 
noapsyacb (15-2) uw (15-3), mowyyaem 

dla, EE woh dt 
lax = haz ~ Adee VS oma de 


| 
Una npa y=34-10-*~—— (ya. NpOBOAMMOCTb aJIOMHEHS), 











f = 50 ey | ja = 1,2-10°=. (15-4) 
AwanornuHo 
fos = 1,2- 10°. (15-5) 


Via puipaxennii (15-4) u (15-5) BUAHO, YTO NJOTHOCTH TOKOB B AWCKE 
OOpaTHO NpONOpLHOHAJIbHbI pacCTOAHHIO TOUKH A OT UWeHTpOB HOJIOCOB. 


15-4, METO, OTOBPADKEHHA JIA CHCTEM C BAPABAHOM > 


PaccmorpHM cucTemy c Gapa6anom. Ina yyo6cTBa BbIUHCJICHUH 
OylemM Nomb30BaTECA pasBepTKOH GapabaHa B MOCKOCTH (bur. 15,6). 
B Tako cucTemMe OapaOaH B pas3- 
BepTKke pacCMaTpHBaeTCA Kak 4aCTb 

1p 6ecKkoueuHo G6oubwioro JIMCTa, Ha KO- 
B TOPbIfi MeHCTBYyIOT NOJIA: ACHCTBUTEWJIb- 
Horo nmomoca P Hw BooOparkaeMbIx 
g nomocos P’ wu P” pa3sHOk NOJIApHOCTH. 
= Bce 3TH mowochl HHAYKTHpytoT 
B G6ecKOHeYHO OONbLIOM JHCTe TOKH, 

| paBHble HHAyKTHpOBaHHOMy 3Ha¥veHHIO 
‘B 93. ].C., M@sIeHHOMYy Ha CONPOTHBJIeHHE 
no nyTH Toka. Boxpyr nostocosp P 

u P’, P” pacnonaratoTca TpyOKH TO- 


| KOB, OFpaHH4eHHbIe OKPy?KHOCTAMH. 
a Ecau Bbipe3aTb OfHY HJM He- 
= CKONbKO TpyOOK TOKa, 9TO He BJIMACT 





Ha tpoTekaHve mpouecca BO BCEeM 
bur. 15,6. Jlwarpamma ana onpe- JHCTE 6eCKOHeEYHO OOVIbIIMX pa3Me- 
jleneHua TOKOB B OapaGaHe. pos. Tlostomy B JIMCTe MOXKHO BbIpe- 
3ATb YaCTb, NO pacnosO*KeHHto H pas- 

MepaM COOTBETCTBYIOILYIO pa3sBePTKE Gapa6aua c nomocom P. 

B jaHHom cytyyae nomyyaetca Clenyroulee MpaBUslo ATA BbIVHCJIe- 
HHA 3HaveHHH TOKOB TpadctbopMauHi B ONpeLeeHHON TOUKE A pas- 
BepTKH Gapabana: HaXOAAT NOJOKEHHE BooOpaxkaeMbIX NOJIOCOB H pac- 
CMaTpHBaioT 3HayeHHe TOKa / B TOKE A cocTOALLHM 43 CYMMbI TOKOB: 

/,—onpenensempim 9. 2. c. & OT noma Novtoca P; 


Ju J,—onpefemsembiM 9. a. Cc, OT nowA BooOparKaeMbIX 


nomocop P’, P" u tT. i. 
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“ucno Boo6paxkaembix nomocoB PaBHo 6eckoHeqHocTH. 
IIpaxtuyecku yoctatouno PaCCMOTpeTh AeHCTBHE TONBKO AByX 
OmmKahWHxX BOO6paxaeMEIX HOJOCOB, TaK KaK BeJIHYHHbI TOKOB /,, 
HHAYKTUPyeMbIX MOM OTJaJeHHbIX BOOOpaxKaeMbIx NOJuOCcOB, He3sHa- 
UHTEJIbHBI. , 
Mectopacnoyoxenue BOOOpaxKaeMbIX MOJIOCOB HaXONHTCA B 3aBH- 
CHMOCTH OT paCCTOAHHA a OT LeHTpa elicrauTembHoro nowroca JO 
Kpaat paspepTknH Oapa6ana. O6srano pacnosaratoT nowmtoc nocpequne 
ANMHbI GapaGana. Tostomy paccrosuve 6nwxKahmux BOO6paokKaeMblx 
NOMOCOB NO Kpad pasBepTKH TakxKe paBHo a (dur. 15, 6). 
SHaveHHA NJOTHOCTeH TOKOB BRIYHCAAIOT coracHo dopmyse (15-4). — 


15-5. MOJIHOE SHAYEHME TOKA TPAHC®OPMALIHH 


Zina yyeTa BIWAHHA peaKuuH poTopa HeoOxo_umo onpezenuTD 
BeMaHHY TOKa TpaHcpopmManuu J, HHAYKTHpOBaHHOrO nojeM no- 
mioca P BO BCeM potope. Barancnenne 6y eM NpousBogutp, NOJIbSYACb. 
MeTOJOM oTOOpaxeHHit u NOJIVGCHHEIMH PaHee COOTHOUICHHAMH. 


| /\.| 
dor i wae : we 
| OE dere il ye 
0: 1 | rh 
Xf 
In| | 


ae | 
+z ——_——-| 
@ur. 15, 7. Pacnpegzenenue naornoctea toKog TpaHc- 
opMallHH B zHCKe. 





a) Bomucaenue moxoe mpancopmayuu @ Oucke. Bce TpyOxn TOKOB, 
UHAYKTHPyeMbIX B ANCKe, MpOxogAT yepes ceyeHue AN. 3anaua 3a. 


KUHOUaeTCA B BEIYHCAeHHH ToKa /,, mpoTeKaioujero no cexenuio AN 
‘pur. 15, 7). , 


Tok J, cocTouT m3 cnenytommx yacTei: 
‘p1 — ONpesersemoro noviem momoca P —s3o0na AM (R, < R,); 
7a » » > P—s30na MN (R, > R,); 
— > » >» P’—sona AN. 
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o Reo, yo. orp 1. 
1) Tyas En = 7% Ri lo = 1,2 10 PRE Ra? 
dl py os [pr AdR«; 
ei 12-107 da 
Ip =1,2+10'PA25|RedRe= gz — 
ni 
i 
) Toes foe 12-10 Os ; 
; dRx 
dl oo — jpoAdRx — LZ ° 10? DA Re 
R, = AN 
® AN 
Ing = 1,2 + 10° DA i Re 12.10 bAIn Gy) 
R,, = AM 
3) [ig = 1,2+ 10° San (c) 


4) l,= lort Loa t+ I 53, 
AN A’A \; 
Beauguunt AN, A’A, AM a A’N momuno BbIpasHTb B PyHKUMA 


é 
OCHOBHBIX NapameTpos cuctembl: R, Ry, Ri R,; WonHoe 3HaveHne 
ToKa TpaHcopMauH B AMcKe Tip HadM4HH NOMA ® nomoca P 





(15-6) 


(R—Rx)(Ri— Ri 
[p= 1,2- 107A 0,5 + In v{ |. 


Rn(Ri—R) 
rie ® B Bebepax. 


6) Bowucaenue moxoe mpakcPpopmMayuu 6 6apabane. eee 
JIA YIpOWeHHA 3afauh TOJIbKO Ba BpooOpaxKkaemblx Mos1oca (ur. 15, 8). 
BpravcaeHHe TOKOB MpOBOAHTCA MO aHasOrva C MeTOAOM, IIpHMeHeH- 
HbIM JIA AYCKa. 


Tlomtroc Sona Pawuyc CocTaBJsiolMyHe TOKH 

12-PA- 10’, 

P OM Rx < Rn lo = = pe kD 
= 1,2- 10° Alnon ; 
P MN Ru > Rn Ipg = 1,4 OM’ 
fo =1,2- 10° oan? 
A ae P ON 
are O.N 
Py O.N Tn = 12+ 10° @ A In 


1 
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Mth star wTO ON =a; OM = R,; O'O = 2a; O'N=an 7 q 
NOMHOG SHaYeHHe TOKa Tpa | 1 "Ha. 
AMWHH Noa PD nomoca P: ile cata de ah 


I, = 1,2- 107. 40,5 + Inf + In2 —In 1,5]. (5-7) 





Pur. 15, 8. Pacnpegzenenne AAOTHOCTeH TOKOB 
TpaHCpopMalHH B Oapaane. 


15-6. TOKH PE3AHH9 


Pet TOKOB pe€3aH¥A HMEIOT B poTope BecbMa CJIOMKHYIO KOH- 
p ee 1TO SaTPYRHACT MpoBeqeHne aHanuTHuecKuX pacyetos, 
K yuaax MpuMensiorT rpa- 
cbuyeckue MeTogHI pacueta. Ha yep- 
TEKE, H80OpaxKalolleM AHCK HIM pa3- 
BepTKy OapaOana, BEryepunBaloT 9xK- 
BHNOTCHMHAJIbHBIC AHHHH 9. J. Cc. pe- 
SaHHA, a NO HUM OlpeyeviaioT rpaHny- 
HbIe KPHBbIe TpyOoK TOKoB. Tpy6Ku 
pasOuBaloT Ha yuacTKH H BBIYHCAAIOT 
CONPOTHBJICHHA STHX yuacTKop, 

Ha purype 15,9 noKxa3ano TIpu- 
MEpHOe NOCTpoeHHe Tpy60K TOKOR 
PpesaHHA NOx MowocaMH TaHrenun- 
avIbHOH CHCTeMbI. Tpy6Kka pa36utTa 
Ha WI€CTh yuacTKos, 

ConpoTuBjenue KaxKyoro yuact- 





_ i | 

Kar, = A OM: Pur. 15, 9. Cpadpuyecxoe onpezese- 
HHe Tpy6ok TOKOB pe3anua. 
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[lonHoe conporupsenne TpyOKu r= re 


SHauenve ToKa pesanua | = —. 

Ipumep. BoiaivcanTb COMPOTHBICHHE F ToKa pe3aHuaA, ONpenenAemoro MONEM 
cpemHero fomoca (pur 15,9). Tok pesanua paccmaTpHBaerca COCTOAULHM H3 ABYyX 
yacteli — Jeno wv npasol TpyOKH. TonutmHa aucka papya 0,1 cm. Bpruncaum CO- 
nporapiene esol TpyOKH. Bea tpy6ka pag6utTa na 6 yacteh. JiaHHbie pacueta 
cpeleHb! B TaOJHLy. 








Cpenuaa Cpennna 
ay | nanna dj minpHHa 0; Leeee 
l 1,2 1,2 0,0294 - 10-8 
I 11 17 010182 - 10-8 
Ii A 2,9 0,0274 - 10-* 
IV 2,0 3,3 0,0178 - 10-8 
V 0,9 1,15 0,0230 - 10-8 
Vi 1,7 1,15 0,0435 - 10-* 
Yi ri = 0,1593 - 10-8 
0,1593 - 10-3, 
pe 
Z 
rsiIABA 16 


MOMEHTbI HA POTOPE 


Ycenosuem sonyyennn paGovero MOMeHTAa Ha POTOPe WHAYKUMOHHOM 
CHCTeMbI ABJISIeTCA HasiHune B CHCTeMe ABYX HIN HECKOJIBKHX MOTOKOB, 
CMeLLGHHbIX B MpocTpaHcTBe W He COBMAaLArOULH * BO BpeMeHH. 

B3aumogelicTBHeM HHAYKTHPOBaHHbIX B POTOPC TOKOB TpaHcop- 
walluH c NOTOKaMH TONOCOB CO3MatoTCA BpaullaloulHe MOMEHTbI Ha Po- 
Tope. B ocHoBy pacueToB AA onpeneseHun pa6ounxX MOMEHTOB MPHHAT 
Meron oTOOpaxKeHHH: yueT BJIHAHHS KpaeBoro appekTa NPOHSBOAKTCA 
C MOMONLbIO BOOOpakKaembixX MOJIOCOB. 

B. K. Bynem pa3pa6otan pad MpocTple COOTHOIeHHH AA ompe- 
jleseHua paOOunX MOMeHTOB Ha ABCKE. Pacuet cuctem .c Gapa6aHoM 
netanbno pa3spadoran JI. A. Tenb6yxom, KOTOpbIit BaJl pAa COOTHO- 
IWEHHE, MO3BONAIOWIAX BbIUHCATh 3HAdeHHs pa6ounxX H TOPMO3HBIx 
MOMCHTOB H @HalH3HPOBaTb BJHAHHE OTEJbHBIA napaMeTpoB AVIA 
VCTAHOBJICHHA ONTHMANbIBIX 3HaueHHi. | 

Hwxe mpnpogntca meTOn onpeneeHHy paGOuHX MOMeHTOB Ha 
poTope, OCHOBaHHBIN Ha BLINHCeHHH MIOTHOCTeH HHAYKTHPOBaHHbIx 
TOKOB. SPOT MeTOA ABNAeETCA OOULHM ANA PacueTa cHcTeM C AHCKOM 
uc Gapa6aHoM H NpesyCMaTPHBacT npuMeneHHe NpocTbIxX TeOMeTPH- 
qeCKHX (PHryp, YTO NOSBOMACT OPpHeEHTHPOBaTLCA B BbIBOIE OCHOBHbIX 
(OPM YJ. 

16-1. CPEMHEE 3HAYEHHE CHJIbI 

IneKTpOMarHHTHble MOMENT! Ha POTOPe BbIUMCJIAIOTCA MNO 3aKOHY 
Buo u Capappa Mruopenvoe 3HayeHHe CHJIb! Q, npH amuHe /, npo- 
BOHHHKa TOA NOJIeM 

Q, = iB l,. 
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Nyctp 
B,=Bsinut; i=], sin (wt — e), 
The €— yroN OTCTaBaHHA TOKa NO OTHOWeHHIO K NOTOKY, C KOTOpbIM 
OH B3aMMOJencTByeT (cur. 16,1). | 
Torga | 
Q;= J+ Bly sin wt sin (wt — ¢), 


cpequee 3HayeHHe 3a nepuoy 








T T 
1 1,8 ly . ; 
Q= r| Q, dt = ii Sin wé + sin (wt — ©) df. 
0 
SHayenue 
: _B 
{ sin w# sin (wt — e) at =< cose. € ; 
0 ! 
Torga —_ | 
1, Bly ur. 16, 1. Bexropnan 
Q= gq COSE. . AHarpamna. 
I 
YuxTbIBaA, TO AeHCTByloulee sHaveHHe ToKa / = V5 , a TakxKe — 


1 — 10,2«7, noaysum 
Q=7,2-/Bl, cose xl, (16-1) 
re B—*; l,—BCM. 


Cootnomenve (16-1) spnsetes OCHOBHBIM JIA BbIYHCJICHUA CpeqHHX 
SHAYCHHH CH Ha poTope. 


16-2. OBLIEE YPABHEHHE MOMEHTOB 


Paccmotpum HHAYKUMOHHYIO CHCTeMy c nomocamu P;c none @,, 
H Pe—c nonem ®, (cur. 16,2). SHauenua toKos TpaHcpopmauny 
B potope—f, u /.; ~—yroa Mexy BeKTOpaMH 
noToKoB. Moments! Ha potope OnpeeAloTcH B3a- 
MMO/leHCTBHEM NOMA ®, vu ToKa fg, a Takxe non ®, 
H TOKa Jy. 

SHayenve TOKoB Tpancpopmaunn |, =k); 
ly = k3®,. Torna OO6WIHH MOMeHT Ha poTope 


M = M, -{. M, = k,PP, sin wp. (16-2) 


Heo6xoqumo o6patutTb BHUMaHHe Ha 3HakH Mo- 
@ur. 16,9,  MeHTOB M, u M,; mruopennpie 3HaueHug M,,, Mg, 
Bextopnaa MOryT ObITb pa3HBIx SHaKOB, HO cpeqHee 3a nepvog 
Avarpamma. 3HaueHHe M, u M, ognoro u Toro Ke 3naKxa To- 

STOMY NPW ONpexeneHHH cyMMapHOrO MOMeHTa CKIa- 

ADIBAIOT SHAYCHHA COCTAB/AIOUIHX MOMeHTOR, 





6+ 243 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


HA 

Ilo copmyuje (16-2) Heb3H CyAHTb 0 iio dagen lease 

AioT moO CweLYIOWeMy \ 

oTopa, OObINHO ero onpefzedl My 
PaaRun poTop BpalllaeTcA B CTOpOHy oT Momoca c oneperkaroul 

LOLUM. 

MOTOKOM K Mowrocy c OTCTa ; ; nee 
B cooTseTcTBHH ¢ AMarpaMMOH, IpHBeJeHHOH Ha Bela Ni oe 
poTop BpaujaeTca OT Nowioca P, (none P,) K Momocy Fe 3 


7 TeMbi 
Burucaenue paOounX MOMEHTOB Ha ucKe SKpaHHpOBaHHOH CHC 


1. Moment M,,. QuleMeHTapHoe 3HadeHHe CHJIBI, Fo aaa 
TOKOM 14, momoca P; u NoseM @, nomoca P, (pur. 10- ) 


myse (16-1): | 
= ; : du = 7,2 I Bal nx COS &14 (a). 


@ ® 


: - Qu FS 
~ ME 
: Ltée 





®ur. 16, 3. Momentp Ha AHCKE 9KpaHHpOBaHHOH CHCTEMBI. 


DnemeHyTapHoe 3HaveHHe o6beMa uCcKa MOA NOMOCOM Ada. Toraa 
| dy, = fi Ada (6). 
Cornacno (15-4) | 
fu == 1,2 - 10° fs (c); cOS€y, = sing (d). 
Vis (a, b, ¢, d) 
ae inwl. da; 
dQ — 8,65 : 10 ey BaA sin ¥ bn ’ 
04= | Qu —- 865 - 10? 2s B,Asin \ Lng: At. 

Cornacno urype 16,36: 


ie da = Se; BLS» = P,. 
8, 
OKoHuaTeAbHO 


Q,, = 8,65 - 10°S,9, = sin oT. (16-3 
My =Quki Fem. 
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I}. Momeut My, onpenesnembii TOKOM, HHAYKTHpyeMbIM Movie 
BooOpaxkaemoro nosioca Pi uw nosem ®, nomtoca P,: 


Qu = 8,65 - 10° D,h, © sin 4; 
7 
Mi — QR; cos 8. 


III. Moment M,,;, onpexensembiit ToKom, HHAYKTHpyeMbIM Novem 
nomioca P, u nomem M, nomoca P;: 


Des ; 
Qo; = 8,65 - 1030 P,P; — sin ~; Mg, = Quiki. 
@ de = 





IV. Moment M,,—on- 
PeeJIAeMbI TOKOM, HHJYyK- 
THPYyeMbIM NlovIeM BOOOpaxKa- 

/ 
emoro nowioca Pz u nonem 
nosoca P,: 
Qea = 
a 4. 
= 8,65. 10l P,P, 5 sin D: 


Moa = QaaR Cos 8. 


V. CymMapHbiii Moment 
M sapasetca cyMMoii Mo- 





@ur. 16, 4. Moments a 
MeHTOB, OMpee/IAeMbIX OC- ee TaHTeHOvaNbHOR 


HOBHbIMH Nostocamu (M,,; 
M,\), 34 BbIMeTOM MOMeHTOB, ONpeAeNHeMbIX BOOOpaxKaeMbIMH Mosii0- 
camH (M,,. u M,,): 


M = 2-865 - 10°D,,R,A (4 = om) sin d. (16-4) 


VI. SHayenua oTgenbHbIX BenM4MH, 3anaHHEMn ABIAIOTCA R,, +, 
R, OcTadbHble 3Ha4eHHA ONpesenAIOT U3 reOMETPHYECKHX COOTHOIeHHE: 


a) Pacnonoxkenve BooOpakaemblx nomocos Py u Py 
Rs (Rs + Rs) = R¥; Ry = Re, 


6) Re= Ry; Re onpenennem us TpeyronpHuKa P,P30; cos8 — us 
TpeyroubHuKa P,P,P). 
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VII. SHayenve &, OnpezeiAemM H3 BbIPaKeHHA (16-2) 
M =k, ®,@y, sin 9. 


Yuutpipan (16-4), nosysaem 


a2 oet) 16-5 
Ry, =— 17,3 id 1019 . AR, (+ R, * ( ) 
ITpumep. BorucavtTb 3HaqeHHe R, AAA 9KPAHHMpOBaHHO AUCKOBOK 


CHCTEMBI. 
3anano: R= 4,8cm; A=O,lcm,; t= lleou; R,=3,14 cm. 


flayuple BbIUHCJIeHHH: 

Ry=3,2cm; R,= Rg = 40m; 

Re = R,=4,3 cm; cosB = 0,398. 

TloncTaBAAH MOJIYYeHHbIe 3HAYeHHS B 
(16-5), umeem &, = 4,44-10°° 

Ecau u3pecTubl P,, Peg, ~, TO MOMeHT 
Ha mucKe onpexessioT mo Popmywte (16-2); 

IIpumep.P, = 2-10-5 66; P,=1-10° 
66; p = 45°; 
M = 4,44 - 101.2-1075- 1.107% - 0,707 = 

= 6,26 Ico. 





BoiuncaennHe pa6ounx MOMeHTOB Ha AHCKE 


TAHreHUHabHOH CHCTeMbI 
@ur. 16,5. Paspe3 MarHuT- 


HOW CHCTEMBI. 1. Moments! Ha gucke. Bpruncanenne 

CHa mpousBomaT m0 dbopmy.te (16-3). Cua, 

onpefemmeMble HHAYKTHPOBaHHbIMH TOKAMH OCHOBHBIX nowmocos (P, 

P, u P3), CUMTAeM MOOPKHTCVIDHBIMH, a BooOparKaeMblX — OTPHUaTeJib- 
ubima (cur. 16,4). 





Mur. 16, 6. Paspeptka CHcTeMbl H AMarpaMMbl. ® 
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a ee 
Benvynubl, onpese- 
AAIouWMe CHJY 


SHak 
Monroe ToK, HH- MomeuHTtT 
Moron | 2YKTHP. MOMEHTa 
NOTOKOM 
no.1ioca 





te 
a My, = § ,69 « 1018 A P,P, Ry a sin b | +4 








Moz = 8,65-10'9 AD, @, 


P, Se a 
Mis = 8,65 + 10° Ad,o, “LS sin p = 
Ne a Se Se ee 
* Mya = My, | + 
Ps 
| aS — 


siny | — 





a Mai = Ms, = My, | 











Py, 
Mga a Mee 
7 Ms = My, | 
Ps P,= D, ce 
P | Msg, = Mig | 


CymMapubii Momert M = 4M,, —2Mig ~— 2Myp. 
M = 17,3-10%°@,d, A-R, (2 — S251 _ cose sing Icm. 


’ Rs 
Syecb ®, u ,—B BeGepax, THHeMHbIe pasmepbl B CM. 
= 1 2 cost, cos Bs . 
by = 17,3» 108 Ry (= — 25h _ c08 Ba), (16-6) 


Onpenenenne 3HayeHHii Rs, Re, cos®,, cos, MpousBO_UTCA aHano- 
rH4HO MOKa3aHHOMy BBILIe. 


Beruncaienve paSounx MOMeHTOB Ha poTope 
OapaGaHHOoh cHucTeMbI 
I, PaspepHytaa AHHa poTopa 
ly=C,-+d, +4, 
rie c,, dj —MNpupezeHuble K pasmepy A, pa3Mmepbl c d (pur. 16,5). 
M,, — MOMeHT, Onpefenmemblii B3aHMOseliCTBHeM NOsA @P, n0- 


goca P, (pur. 16,6) u toKxa J), HHAYKTHpOBaHOrO B poTope MovieM Py, 
nossoca P,. 
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a) II]noTHocTH TOKOB: 
— =1 —_ re) 
y=i,2- Jor & . fis = fis =—12. es 


fy = fu fu = —2 -1,2- 10? = cos 8; cos B = sino = =; 
l 2 
h=fui-ha=1,2- 10°72, Gael ‘ 
1 


O603HauHM 


Tora 
h= 1,2 10%coP}. 

6) Cuna. SnemeHTapHoe 3HayeHHe cHubl cormacHo (16-1, cM. 

cpur. 16-6), 
dQ =7,2dI1,B,l,,,, COS; 
SJIEMeHTapHbIi OObeM poTOpa Mog mowocom Ada. 
dl, = },Ada = 1,2-10"c,P,Ada; cose = sing; 
Q = 8,65. 10’c,A + , sin bB, | Lda «Kl, 
5, 
{ l,.da = Sy—mnaomaqu Kpyroporo nomoca Ps; By Sg =@., Torna 
B, 
Qig = 8,65 - 10%,A + P,P,- sing epammj My. = Qik. 

11]. Cymmapuplit Moment Ha potope — M. Ilone ®,, s3aumMoyelicTByA 
c TOKOM /3, 44ylyKTHpyemoro nosiem @, nosmoca P3, CO34aeT MOMEHT 
Mia= 

Takum O6pa30M, MOMeHT, CO3aBaeMbIlt Ha KaX%KOM Movoce, paBeH 
2M,, pw yncne nomocos n, o6unh MomerT M = 2nM,, Tostomy 
OGUIHH MOMCHT YeTbIPeXNOMIOCHUrO pewe: 
M =8- 8,65 102A - Re,P,P, + sing. 

O6o3Hauan 


1 Z 
by = 8 + 8,65 + 1084 « Ro, = 69,2 - 10"AR (> —— 5), 
HMeeM M = k,®,P,sin vd. 


ITpumep. Onpenenuth 3HauenHe Rk, AA YETHIPEXMOMIOCHOFO pede. 
Jlauupie pene: A==0,05cm, R= 1,425 cm; t= 2,36 cm. 


c, = d, = 2,15 0m; /=3cm; f = 50 ey.; y= 34- 104 
Ycnosuan Amuna potopa J; =3+2-2,15 =7,3 cm. 
ky = 1,65 - 102°. 


Mopmyuia B. K. Byaa aa9 BbMncaeHHaA padounX MOMeHTOB 
Ha jucke 


] 
OM CM * 


1. O6mee BbIpaxeHHe AIA MOMeHTA 
3 
M = 2a kb, sind Tc. 
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rie p— yA@bHOe CONpOTHBNeHHe MaTepHaa AHCKa, OM. CM. 
f—4acTtoTa B 24; P, 1 ®,—MakcuManbHoe 3HaueHHe NOTOKOB 
B 60; 
k—reoMeTpHyecKkand MOCTOAHHaA. 
Hye, B TaOsuUe, NPHBOAATCA AaHHbIe AA onpefzenenua reo- 


MeTPHYeCKOH MOCTOAHHOH. 
Tabauya 24 
Kosppuunenth K cbopmyse Byas 


a 


=>; 

2 
k= te | es. sicces = 
2a (1 — a —A3)* + 408 es eee oy 
hy=s; 








21 Q 
: = Beh a © 
a Nei ee oe 
ag (i — ay — hig) ( — hy) + a; 






a emerge 


ky = 2h, + hig +2 a3; 





a Qa 
ky, H Ros Kak ky; 
Pes Ny © 
a — bo 7 
a I 
2 
(1 a. ho) (1 a ae ho) + (a + ian ur, 16, 7. K dopmyvie 

- 5B. K. Byaa. 


Popmyan JI. A. Pean6yxa nas seryucaenua pa6ounx MOMeHTOB 
Ha poTope OapaGaHHow cHcTeMbI 


JI. A. Tenb6yxom npegznoxena cienyouad (bopMyia JWI BbI- 
4HCICHHA padouero MoMeHTAa OMHOM Napbi Nomocos: 


4 wyAGRB,B, | fbn a= 
= 81 sing Y) pr sh? Ag oe 
knd : 

x cos ra (—1)*+! + cogs | - 10-5 Tom. 


3necb B,, By — WHAYKUHA B rayccax, k— kosduynent, XapakTepu- 

SYIOUMH =NOpAROK TapMOHHK, &—pa3mMep nomocHol AyrH B CM. 

/)— yCHOBHaA AwHa AucKa potopa, l, =/+c¢,+d,; /—anuua no- 
M 


JIIOCAa; (=o as | 
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O6uinH MOMeCHT CHCTeMbI: pH HaJIHGHH B CHCTeMe ft MOJNOCOB 
3HaveHHe MOMeHTa YBeJIHYHBaeTCA BN pas. 
Mopmy/la [A BbIYHCJICHHA TOpMO3HOTO MOMeHTa OfHOrO Novuoca: 





Awl; eran 1 bxb Peng 
Mo = 2,04-— RB? YG sh = e x 
k=] 


x cos (—1)*+1 + cos ed 1078 epamaM «Cm. 
O6unH TOpMO3HOH MOMeHT paBeH CyYMMe€ TOPMO3- 


HbIX MOM@HTOB OTJCJIbHbIX MOJIHOCOB, 
O dopMe nowwcos 





Kak mpaBHJio, B HMeIOLHXCA KOHCTPpyKUHAX HH- 
®ur. 16, 8. JlyKUMOHHBIX CHCTeM HOJNOCHI ObIBalOT NPAMOYTO/IbHOH 
Onpenenenwe (bopmbl. Ognako pH BbIBOse (OopMyJ AA pacueTa 
scelacetesiens pacCMaTpUBaIOTCA TOYeUHbIe HAH KPyrJible MOJUOCHI, 

reer G6NarofwapA YeMy 3HAYHTeIDHO ynpomlaeTCA BbIBOL 
3THX CopMyJ. 
MmercaA KpHBbIe MONpaBOUHBIX KOSPHILHEHTOB, 0 KOTOpPbIM 

MOXKHO YUHTbIBATh NepeXOJ OT TOYCYHBIX NOJIOCOB K MpAMOYTOVIbHbIM. 


D8 





% 

Mur. 16, 9. Paccmorpenve TaHreHWHasbHOA CHCTeMbI B 4-TO/IOCHOM HCIIOJIHCHHH. 
CooTHOWeHHe pa3MepOB NpPAMOYTOVIbHbIX NOJNOCOB OObINHO ObIBaeT 
TAKHM, UTO 3HaGeHHe NonpaBownoro KosppuuneHTa OH3KO eAHHHLe. 
IlomtocHoe femenue 


Tloq novNOCHbIM WesieHHeM % MOHHMAIOT paccTOAHHe Me*Ky MeHT- 
pamMu nowiocoB. Tounoe sHayeHHe 7% BbIUMCIAeTCA B CHCTeMaX C 6a: 


061 Pul2) 





ur. 16, 10. Paccmotpenue TaHreHivatbHol cucTeMbI B 3-MOMIOCHOM HCNOMHeNH! 
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paOaHoM, rae BeIHYHHa HOJOCHOrO AeneHHA OnpeszenmeTcA paccToa- 
HHe€M MO OKPYXHOCTH M@KAY WeHTpaMH TOVtOCOB. 

HeckouIbKo CJlOKHeH peulaeTcd 3afaua B SKPaHHPOBAaHHbIX CH- 
cTemax. YCJOBHO CUHTaIOoT t— Kak paccTOMHHe MeKILy NeHTpaMu 
TAKECTH (UryP, NpeAcTaBAAOMMX COOK NOULaAH NCMOCcOB (ur. 16,8). 
Ene Oovlee CJIOMKHOH SABAAeTCA 3afa4ua ycTaHOBeHuA + B TaHreH- 
UMaJIbHbIX CHCTeMaX. CrloxKHad KaPTHHA pacnpedeveHHA NOAA B BOSZYUI- 
HbIX 3a30paX Me*KMy BEPXHHM H HHKHAM MArHHTOMpOBOJaMH MPHBOAHT 
K HEKOTOPOH HeOlpeseeHHOCTH B yCTaHOBJGHHH WeHTpOB Momocos. 

B. K. Byatb paccmatpupaer Taky!o cucTemy cocTosmeli H3 4eTEI- 
peX yCJIOBHbIX mowocos (dur. 16,9). B Kaxkgom H3 HHX yUHTHIBaeTCH 
eHCTBHe ABYX MOTOKOB, ABJIAIOUIMXCH YaACTbIO MOTOKOB PD, u D,, 
MpHYeM B OAHHX MOMOCcaX 9TH NOTOKH CKJIa@AbIBaIOTCH, B Apyrux 
BbIUHTAIOTCA. 

B qanbHetiliem MpHHAT Apyrou BapHaHT pewleHHA 3aya4uH: cucTema 
(ipHHUMaeTCA COCTOAIMeH H3 Tpex Nomocos (dur. 16, 10): 

1 — BbIXOAUT NOTOK ®,; 

2— » » Di; 

3 — BXOJUT » D,,. 

IIpv TpexmosiocHOM BapHaHTe He y4HTbIBaeTCA TO, 4YTO B MeCTAaX 
(a) H (¢) NoToKH ®, u ®, cymMMupylorca HM BbINHTAaIOTCA. Sto yupo- 
ijeHHe NIPHHATO NOTOMy, YTO MOMeHTHI, OMpesessemMble ~-MOTOKaMH 
P,+P, 4 ®,—®,, B yKa3aHHbIX MecTaxX HMeIOT pasHble 3HaKH 
H Ha BeJMYHHY OOulero MOMeHTAa He BuINAIOT. TpexnomocHblii BapHaHT 
ynoOeH ii aHanv3a u JIM ONpefeneHHA HanpaBsenHaA Bpamenua 
poTopa pH NoBopoTe OAHOFO 43 BEKTOPOB MO.IA Ha ONpeMeCHHbIA yrow. 

CnowKHaA KapTHHa pacipesewenuA TOA He MO3BOMIAeT TOUHO 
YUHMTbIBATh 3HAYCHHA MOTOKOB, MpOTeKaloWlMX B MOJIOCAX CHCTeMBI 
C YeTHIPbMA TostOcaMH. Tak, YacTb nmoToKa ®, 3amMblKaeTCH He M10 
BOsAyxy, a mo cko6e C (dur. 14,1). Tlostomy mpnxogutca npopo- 
AHTb SKCIePpHMeHTaJIbHy!IO TpoBpepky pacuetos. Takylo mpopepKy 
YHOOHO MPOH3BOAHTb, 3aMepHaA OTMebHO NoTOKH @, y nousroca / 
H PM, y nomocop 243 Hu, TaKHM O6pa3om, noyyalorT HeMOCpeCTBeH- 
Hble WaHHbIe AA Mose yKa3aHHbIX TpeX MOJNOCOB. 


BauaAHve KpaeBoro sbdexkra 


Kpaesoi appext ua porope sbipaxkaeTca B TOM, 4YTO B porTope 
KOHCYHbIX Pa3MePOB BEKTOPb!l HHAYKTHPOBaHHbIX TOKOB MOM CooTsBeT- 
CTBYIOILHM MOJIIOCOM OTJINYAIOTCA OT COOTBETCTBYIOLMX BEKTOPOB B CJly- 
yae OeCKOHeYHbIX Pa3MepoB porTopa. 

Kak yka3bIBaJlOch BbIIe, yyeT KpaeBoro adpekTa npoBomuTca c 
HCNCb30BaHHEM BOOOpaxKaeMbIX MOJINOCOB, eHCTBHe KOTOpbIX aHa- : 
AOTHYHO eHCTBHIO OCHOBHbIX. [IpH 3TOM MOMeHTbI, ONpezevInembIe 
BOOOpaxKaeMbIMH MOsOCaMH, BbINHTaIOT H3 MOMeHTOB, ONpeAeJIAeMbIX 
OCHOBHBIMH. 


BAHAHHe YRANCHHBIX NOAWCOB 


Bpliie moKkasaHa MeTOAMKa BBIYHCJIEHHA MOMeHTA Ha poTope c yye- 
TOM B3aHMOJeCHCTBHA MOvleH H TOKOB ABYX COCeAHHX MOmOcoB. 
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B MHOronovIIOCHBIX MHAYKUMOHHBIX CHcTeMax C GapaOaHoM cue- 
Wye? yUHTbIBATh ROMOMHHTebHOe BUIHAHHE YaJeHHbIX, He CMCXKHBIX 
nomtocos. Tak, B BOCbMHMogocHol cucTeme (ur. 14,5) MoMeHT Ha 
poTope onpeyemmercA He TOJbKO B3aHMOJeHCTBHEM TOJIeH TNOJIOCOB 
1—2 u 1—8, HO WH HeCMexKHbIX nomocop /—3, 1-4 HT. J. Bpl- 
YHCICHHE MOMEHTOB, OMpesevIAeMbIX HECMeKHbIMH MOJIOCaMH, MNPOHSs- 
BOAAT MO NPHBeeCHHbIM BbILe COOTHOMICHHAM. Ilo Mepe yaleHHaA He- 
CMC?2KHbIX TOJIKOCOB COOTBETCTBYIOIIee SHAYCHHE MOMCHTA YMeHbIlaeTcH. 

HrKke NPHBOAATCH SKCNEPHMeCHTAJIbHbIe AaHHbie, NOMYYeHHbIe AVIA 
BOCbMHIOJIOCHOH CHCTEMBI: 


ae 





cm [| 


: 


3nech a—NpocTpancTBeHHBIi yroJl Mexkay momocamu. Bauanne 
5JIEMCHTOB HECM@XKHBIX MOJHOCOB HCKaKaeT WIeEKTPOMArHHTHYW Xapak- 
TepucTHKy pesie. Tlostromy NpHXOAHTCA pacnO/laraTb KaTYIUKM Ha 
molOCaX CHCTeMbI TaK, ¥YTOOb! MOMeCHTbI ABYX TIOJIOCOB, CMeLIeCHHbIX 
Ha 90°, B3aHMHO ypaBHOBelllMBanuCch. HanpumMep, MOMCHTHI NOJIOCOB 
J—5 nu 1—7 omKHbI ObITb PaBHbI, HO HallpaBJIeHbl B Pa3sHble CTO- 
POHbI. SHAaYeHHAMH MOMEHTOB MOJIOCOB, CMELEHHbIX Ha 135°, HallpH- 
mMep /—4, npeneOperaior. 


M* | 100 





| 5 








16-3. OBLUIEE BbIPAQKEHHE JIA BbhINHCJIEHKSA 
TOPMO3HOrO MOMEHTA 


TopMosHble MOMeHTbI BOSHHKAalOT Ha poTope Mp ero BpallleHHy 
B none nomocos. Torok ® nomoca HHAyKTHpyeT B AnCKe 9. A. C. 


pesaHHa: 


E ey BOJIbT, 


rie Pp y2 
Pp 
= > — HHAYKUMA; 
{,—guluHa NOX MomocoM TpyOKH TOKa pesaHHA; 
V —CKOpOCTb JBHKCHHA pOTOpa B MeCTe, PaCHOJIOKECHHOM NOs 


nomocom V = wk, cm/cex. 
Tok pesaHHaA 


E 1 
p 

l= = Var Bl,oR, amnep, (a) 
rie r—CONPOTHBMeHHe pacnosoxKeHHOH Mog NomocoM TpyOKH TOKAa 

pesaHua. 

CpeqHee 3HayeHHe TOPMO3HOM CHIBI ANIA MepeMeHHOrO NowWA 
Qo = = Bll, cose oe (b) 
V2 CM 


e— yroul] Me@KAy BeEKTOPaMH NOTOKa H TOKa pe3saHHa. Hofctapaan 
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H3 (a) B (6) 3HaveHHe /,, yIHTHIBad 3HaYeHHe Mega cub R, u Me- 
i 
pexol oT —- B KI’ + cm, Tlolyaaem 


m Ans AD i 
Mo = 102+ 108 ot fn 


5 —— oz RiRw cose. (16-7) 


IIpwH BsaHMogehcTBHN NoOA Momoca .c HHAYKTHPOBaHHbIM HM TO- 
KOM pe3aHHA yrou e=0. 


O6o3Hauan 
1,02 - 104° RR, 
Ro = 257, > 
nowyyaem 


Ms = Ra®?o. (16-8) 


Bripaxkeuue (16-8) aBasdeTCA OCHOBHbIM AA ONpeseNeHHA MOMeHTAa 
TOPMOXKeHHA, KOTOPOCe POopMysHpyercH Tak: MOMeCHT TOPMOKeHHA 
MpONOpWUHOHaeH KBapaTy MOTOKa H OKPyXKHOW cCKOpocTH poropa. 

B WHAYKUHOHHBIX CHCTeCMaX BO3HHKA@IOT TOPMO3HbI€C MOMEHTHI, 
ompeyeseMble B3aHMOZeHCTBHeM NOJA ©, OMHOFTO MoOMoca C TOKOM, 
HHYKTHpyeMbIM Nogiem ®, Apyroro mMowoca. | 

Ecau /®,P, =), TO BbIpakenHe ana Mo: 

Ma = ka®,®, cos ¥. | (16-9) 
Hpumep. 
®, = 1,8- 10-*° 66; 1, = 1,56 cm; R, = Ry = 2,65 cm. 
w= 3,62; S =2,84 cm’. 
r= 8,7 -10-° (BbluncaleHO rpacdbHueckHuM MeTOJOM) 
Ma=0,146 TI cm. 


16-4. TOPMO3HBIE MOMEHTbI PA3HbIX CHCTEM 


OkpaHupopannan cucTeMa. Taka CHCTeMa COCTOHT H3 JBYX No- 
JOCOB C NOTOKAMH Y, H ®,, CABHHYTbIMH NO dbase Ha yron ov: 


My = ho, Pw; My = ho, P30; Myy = Roy, Py cos b; 
Ma, = RayPyP, + wsingd; Mo = M, + My + My, + Mg. 


TanrenuvajbHaa cucTtema. Taka CHcTeMa paccMaTpHBaeTca co- 
CTOAMeH H3 Tpex MomocoB: cpemHero c Nosem ®, 4H KpaHHUX c No- 
jem ®,, npHuem “ P,P, = od. 

CymMapHoe 3Ha¥eHHe TOPMO3HbIX MOMeCHTOB, OMpeAeIAeMbIX B3a- 
UMOJeHCTBHeEM NOJIA P, c TOKaMH pe3saHHA Jp, H NOMA Dy C TOKAaMH 
pesaHua /,,;, paBHO HyJiO. Takum o6pa30M, HeOOXOAMMO yYHTbIBaTb 
TOJIbKO TOPMO3HbI€ MOMEHTHI, OMPeAesIAeMbIe MOJIAMH NOJHOCOB C HH- 
AYKTHPOBaHHbIMH HMM TOKaMH pe3aHHa. 


Mo = (RoiP} + Qko,Ps) W 2PQMM CM. 
253 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Cuctema c 6apa6aHom. BopiuncaeHHe TOpMO3HbIX MOMECHTOB Mpo- 
BOMHTCH MO BbIBeCHHbIM BBILe COOTHOWCHHAM (CM. Taparpad 16-3). 

JI, A. Teap6yx mpeqnooKHJ! BbIpPaKeHHe WA BbIUHCJICHHA 3Hade- 
HHA TOPMO3HOrO MOMeHTa OJNOrO MOJIOCa CHCTeMbl Cc OapabaHom 
(cM. BbIle). 7 

O6ulLWH =TOPMO3HOH MOMeHT MHOrOnMoJNOCHOrO pee paBeH CYMMe 
TOPMO3HbIX MOMECHTOB OTJCJIbHBIX TMOJIOCOB. 


16-5. PASJIAUHBIE BHbI YPABHEHHH MOMEHTOB 
HHAYKUWOHHbIX CHCTEM 


IlonyuenHble BLIWe YpaBHeHHA jn ONpeseeHHA padounx MOMeH- 
TOB He BCerfa YOOUbI JIA NpOBeJeHHA PpacyeTOB HH AYKIMOHHbIX 
cuctem. [losromy mpHMeHsioT HW ApyrHe 
BHbI ypaBHeHHH. Huke NpHBOAATCA pa3- 
JHUHbIe BHAbI YpaBHeHHH, BbIPAaKaloulHx 
3HayeHHe paOouero MOMeHTA B (YHKUMH 
NapaMeTpOB CHCTeM. 





Do a) McxogHoe ypaBHeHue 
M=k,®,P,sinb (16-2). 
ur. 16, 11. Bexropxaa 6) Ypapyenve paOouerO MOMeHTA B 
AvarpaMMa. (PYHKUHH H.C. CcucTemMbi. ECAH H3BeCTHbI 


npoposumoctH G, u Gy AA TyTel NOTOKOB 
@, UM, HW Yrbl NOTePbh {1H Ye, TO MOXKHO 
COCTaBHTb © Cuieyroulie = =9— COOTHOWIEHHA 
(pur. 16,]1): 


Py = V2 1, 0G; (a) 
0, =V2-1,,0,G,; (b) 
Iyy = 1, 008% (C)s Tyg = 1200S Yq. (a) 


Tlonctapaan (a, b, c, d) B (16-2) no- 
Jyuaem 








M = 2k,G,Gel W 1 ,W. COS Y, COS Y2 Sin ¥. 
(16-10) 


O6o3nayan 
kh, = 2k,G,Gq COS Y; COS “Yo, 
HMeeM 
M=k,1,w,/w,siny. (16-11) 


OTMeTHM 3feCb, YTO peakIlHA poTopa 
yuTeHa Mp BbIBOLe (POpMy.lbl BBeeHHeM 
KOSPDHUHEHTOB COSY; H COS Yp. 
ur. 16,12. Bexropuue Bp) YpapHenHve pa6ounxX MOMECHTOB B 

Har paMbt, (PyHKUAH NapaMeTPOB CeTH > 





1 BeIBORb! 3HAUCHHA MOMeHTOB pevie TOKa H Halips#yKeHHA MNPHBeeHubl C yue- 
TOM 9KpaHHPOBaHHOH CHCTeMbI. 
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Pene toxa. B Ttakux pene o6a notoka ®, u M, onpenenstiorcs 
B PYHKUHH H. C, KaTYIUKH pee, NpOBOAMMOCTH G, H Gy ; a3HUHBI 
ANA O6ONX NOTOKOB, 3HayeHHe yrma  ocTaeTcA HeH3MeHHEIM pH 
Pa3JIWUHbIX pexkumMax pa6oThl peue. 

loab3ysich AMarpamMol, H306paxKenHoli na cburype 16,12a, umeem 


P, = V21wG, cosy; (a); P, =V2TwG, cos (1, + 9). (b) 
Tlonctasaan (a) u (b) B (16-10), nonyyaem : 
M = 2k,G,G, - cos 1, cos (y, + &) (Iw)? sin v, 
YUHTEIBAA, YTO sin AAA SKpaHHpOBaHHOH cuCTeMbI = nocm. 4 
o6o3Ha4a Rm= 2k,,G,G, cos 1, Cos (( + ¢)sin db - 2, 
HMeem 
Mim = Rml?. (16-12) 
Pene wanpaxenua. Tlocrpoenne pene HanpAMKeHHA aHaJOrH4Ho. 
pene ToKa. OcHOBHbIe COOTHOWEeHHA: 
QD, =— V2 Iw cos 11413 
PD, = V21,,w cos (y, + $) Gy; 


L=F- 


R 


O6o3Hayuan 
w? ; 
ky, = 2hy Fe GG. Cos 71 + cos (y; + ¢) sing, 
R 

HMeemM 
M,, = k,,U?, (16-13): 
Pene mowHoctu. B taxux vcnonnenuax pele HMeeTCH KaTYyUIKa 
HamlpAKeHHA, BKIOUaeMaA Ha HanpsoKeHHue U cetu, KaTyllKa TOKAa, 


Hepes KOTOPylo MpoTekaet ToK / cera. Cneayet yuHTbIBath yro @ 
MexKAY BekTOpamMn U u 7. OcuoBuble cooTHoUleHHA (pur. 16, 12c): 


DP, = V 21,w,G, COS Yas 
PD, = V2 Iw,G, cos 0; 


he = > ) 
sin $ = cos (p + y + 8) = cos (p + a), 
Shech a =7 +6, 
O6o3Hauaa 
Ry = 2k, va G,G, cos y; cos s¢ 
HMeemM 


Mu = k,UI cos (9 + a) (16-14). 

Popmyst (16-12), (16-13) u (16-14) yno6ner ana nonb30BaHna: 

Np pacuerTe pa3JIM4HbIX HCNONNeHHH pese. Kosppunventh &,,, Ry 
Hk, onpenzenaiot npx NPOCKTHPOBaHHH HHAYKUHOHHOH CHCTeMBI. 

B tex cayyaax, Korga nph pacuete kKakoro-nH60 vcnosHeHHA 

pesi€ NONYYaIOT SHAaYeHHA NMOTOKOB B KOMMeKCHO}) copme H ueno- 
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CpefcTBeHHOe BbIUMCJICHHe 3HaYeHHA yrua ) HeyOOHO, MpHMeHAIOT 
ypyroe ypaBHeHHe MOMeHTa, 

Tax, ecan $= M; + jNy; Py = My + jNa, TO MomeHT Ha poTope 
MponopuwoHaeH MHHMOH YaCTH MpOWSBeAeCHHA KOMINVICKCa OAHOTO 
MmoTOKa Ha COMpPAXKeHHbIH KOMDeKC Apyroro. 

MuyMasc YaCTb MpOnsBeeHHA paBHa N,M,— M.Nz. 

Torga 

M = ky (N\M, — M,N). 


[ipu pacueTe cJIOxKHBIX HCNOJHEHHM pese, HalpHMep HeKOTOpbIXx 
BHJOB JHCTAHILHOHHDIX, TOJlyYaloTCA KOMIIVJICKCHbI€ BbIPaKeHHA AVA 
toxos /, u /,—AByX KaTywlek pee B PyHKUHH TOKa i uw Hampa- 
weHHa U ceru. 

Hanpumep, 


f= M+ MU + J (Nil + NU); (a) 


I, = Msl + MU +] (Nal + Na). (5) 
3HaueHHe MOMeHTa Ha poTOpe MpONOpiHOHAIbHO MHHMOM WacTH 
NpousBeseHUA KOMMMIeKca (@) Ha CONpPAKeHHBIH KOMMEKC (5). 
3HayeHHA NOTOKOB BbIpaxKeHbl B (popMe 


Pr, =. pel elt), @, = pert Br, 
M —_ k, P,P, sin (3 rns a). 


rJUlIABA 17 


BPEMS CPABATbIBAHHA 
17-1. OCHOBHbIE TPEBOBAHHA 


MumyKuMoHHble pele MpHMeHAIOTCH B OCHOBHOM B CXeMaX Ppe- 

JeHHOM 3aUlUTb! QIIEKTPHYeCKHX YCTaHOBOK HW JOJDKHbI YAOBJETBO- 

PATb pa3JIM4UHbIM TpeOOBaHHAM STUX 

t CXeM B OTHOWeHHH BpemMeHH cpada- 

ThIBAHHA, Xapakrepuctuka ¢ = f (/), 

rie /—mnapameTp pene, MpeAcras- 

| naer co6oH KpuByio (pur. 17, 1). 

| O6piqHo, BpemMaA f peje OTHOCHT K 

He3aBHCHMOH YacTH xXapakTepHcTH- 

KH, T. @. K TOH YacTH, B KOTOPOH 

/ _ ¢ yBeuIHY¥eHHeM Mapametpa I 3nHaue- 

= ‘syne ¢ ne usmenaetca. To ycnoBHaM 

pa6oTbl CX€M 3allHTbI BbINOJHAIOT 

Mur. 17,1. Bpemennaa xapakTe- Ape rpyitibl pee, 

pHCTHKa peste TOK. a) BpictpofetcTpyiomne, T. €. 

TakHe, y KOTOpbIX BpemA cpadaTbi- 

BaHHA OJDKHO ObITb MHHHMaJIbHbIM. IIpakTH¥yecKH B pa3JIHTHbIXx 

HCNOJIHCHHAX Pee MHHHMaJIbHOe BpeMA — B He3aBHCHMOH actu 
XapaKTepHCTHKH — Mosyyaetcn nopagka 0,02—0,06 cekyHa. 
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6) SameyneHHo AelicTByiomlwe, T. e. TaKue, Y KOTOpHIX Bpema 
CpaOaTbIBaHHA OJMKHO OBITh OTHOCHTeABHO CombuuM. B wcnonHen- 
HbIxX pede Bpema ¢—B HesaBHCHMOA YacTH XapakKTepHcTHKH — 6nlBaer 
nopaqka 0,5—-10 cexynyz. Tuckosnie HHAYKUMOHHBIC CHCTeMbI HCHO 
HAIOTCA Kak ObIcTpogeficTByiomHe, Tak uv 3aMeQJICHHO JelicrBylomue, 
OapaOaHHble — TOKO ObicTpogzelicrByiomne, 


17-2. OBLIEE YPABHEHHE ABYDKEHHA POTOPA | 


Paccmotpum aaa IpHMepa HHAYKUHOHHOe pease (cur. 17,2) c mar- 
HHTHOH cucTemol J, nocTosHHBIM MarHHToOM 2, opyxKuHol 3 H KOR- 
T@KTHBIM pblyarom 4. TlonHbii xoq KOHTaKTHOrO pbluara 20 3aMbika- 
HHA KOHTAKTOB ONPeAeAeTCA yrJIOM a. : 

[Ip# spanjexuy potop Haxogutca nox 
BOSCHCTBHeEM CJIERYIONIHX MOMeHTOB: 

pa6ouero M, = k,®,9, sin D; 

TOPMO3SHOrO NMepeMeHHEIX TOKOB 


2 2 
Ms = (ko, Di + 2ko,Ps) W = Ron; 
TOPMO3HOrO NOCTOAHHEIX MarHuTOB 
Mon == RagB w = Roy; 


MOMeHTa UHepuHH poTopa 


d*a 
M, = J a 


MOMEHTa NPOTHBOAeHcTByIoMel Npy- 
KHHE M,,. : Pe Our. 17,2. Munzykouonnaa 

B janbueftem npunumatotca cye- cucrema, 
Aytomve AONywenus: 

He YUHTbIBACTCA MOMeEHT TpeHHA, BeTHUHHA KOTOporo OTHOCH- | 
T@IbHO Maa; 

MpoTuBonehcTByiomua Moment M,, KOMNCHCHPOBaH TaK, ¥TO MpH 
BpaWleHHH poTopa pasHocTp M,—M,, octaetca NOCTOAHHON, 

Ilo npuxuuny Jlanam6epa 


My = M,, + Mo +b M,, 





HJIH : ; 
a a , 
My — M, = J ae + hos. (17-1) 
da 


Blech MpPHHATO kon + kon = ko: w = 


Petiewve ypasHenua (17-1) ¢ yyerom HayanpHEx YCJIOBHH: 








M =, J _ fot | 
4£= = Je— Z(t ——@ r)| > (17-2) 
My — M,, aa 
w= ee (1—e T), (17-3) 
17 ®, A, Crynean | 257 
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TlonyyeHHple BbIpaxKeHHA HeyNOOHbI WIA aHalsa BAMAHHA Ha 
ppema ¢ TapaMeTpOB CHCTEMBI. [lostomy ia NMpakTHuecKHX pacieToB 
IIPHHHMAIOT CELINE yIIpouleHua. | 

da. 

a) SHauenne ka = 0; Takoe ypouleHHe AONyCTHMO AJA ObICTpo- 
neficrByloulH4x pee, Tak Kak BPeMA ¢t B TaKHX pele HaCTOJIbKO 
Masio, 4TO poTOp He ycnepaeT Pa3sBHBaTb SHAUHTeEIbHbIX OKPyKHbIx 
cxopocteli. Kpome Toro, B TAaKH* peje OTCYTCTBY€T NOCTOAHHbIK 
MarHeT. 

6) B 3ameasieHHO jleficTByIOWIHX peste BpeMA pasroHa poTopa 20 
yCTaHOBHBUelicA CKOPOCTH BecbMa MaslO CpaBHHTebHO C OOILHM 
ppemeHem ¢. Ilostomy MpaHuMaloT 


da. 
Ja = Q, 


17-3. BbICTPOJEACTBY OLUHE PEJIE 


Y papuenue (17-1) c yaeTOM ko Ge = 0 IpPHHUMaeT BUA 


da 


M,—Mn=J 5 - 


Pemenue 3TOTO ypaBHeHHA 


t=V {4 17-4 
Mp— Mn ( 


Vis (17-4) cnenyeT: ANA YMeHbIICHHA Bpemenu cpaOaTbIBaHHA 
3HaueHHa yrula «% WH MOMeHTa HHepuAn J ppauyarouuxca vacTel 
JOJDKHbI ObITb MHHHM@JIbHbIMH. Jina yMeHbIeHHA MOMeHTa HHepiHi 
poTopa MoceqHHK BbINOMHAICT: U3 aJIOMHHHG. 

Bpema ¢ yMeHbulaeTca C yBeJIHdeHHeM paGouero MOMeHTA. Muun- 
MajibHoe 3HayeHHe padoyero MOMCHTa Mp wun = M,, Q603Ha4HB 

M 


7 p 
k= : 


p MUH 
nomyuaem (17-4) B BHze: 
f= ae y= ° 
Vk —1 Mn 
JlanHpre cymecTByrollero MCNOHEHHA YeTLIPEXMOJIOCHOM CHCTEMB! 
c GapabaHOM: pacTBOp KOHTAaKTOB — 1 mm, paguyc TpaBepsbl — 30 mM; 
a, = 0,035 pad. 
J =88-10-2Icm. cex?; M, = 0,35 cm, 
np k=3,4, f= 0,084 cex; 
k—5,1, t= 0,064 cex; 
k= 30, ¢ = 0,024 cex. 
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17-4, 3AMEJVIEHHO AERCTBYIOUME PEJIE 


M3 Bbipaxkenua (17-1) ¢ yyetom J ee = 0 wMeem 
da 
M, — M,, = ko ne 


Pewienue storo ypapnenna 
kaa 
t = M —™M ° (17-5) 
Dp n 


M3 (17-5) cnenyet, uro ans yBeIMYeHHA ¢ 3Ha¥eHHA ky u a 
ROJDKHbI ObITb MAKCHMAJIbHBIMH. C 9TOFj UeIbIO B CHCTeMe cTaBAT 
NOCTOAHHBIG MarHHTbl Cc 6osbOn HHAyKUHeH B 3eBe MarHHta (llo- 
pagyka B=2. 105), 


PJUIABA 18 


NAPAMETPbI HHAYKUMOHHOR CHCTEMbI 


rpynnbl Napamertpos. | 
KOHCTPYKTHBHETe, XaPakTePH3yIOWNe KOHCTPYKTHBHBIe pas- 
M€Pbl YaCTeH CHCTEMBI: poTopa, nowocoB H Apyrue. Bpidop pa3me- 
POB OTJ€JIbHBIX YacTeH H cooTHOWeHHy MEXKAY STHMH pa3Mepamu 
MPOHSBONHTCA HS yCJIOBHA NOAyYeHuA ONTHMa_HOrO pelwenHua, 
Pacueruule, XapakTepHh3yloulHe pacueTHBIe WaHHBIe paccmaTpu- 
Ba€MOro HCNOJIHEHHA CHCTeMbI. Pacyetupie MapaMeTpbl HeOOXOAHMbI 
Aa pacieTa ONpefeweHHoro Bua pene. B ta6munax 26 HW 27 mpu- 
BECHbI NPHMepHble pacueTHble MaHHble HHA YKUMOHHBIX CHCTeM. 
IKCHAyaTauHOHHble, XapakTepu3yroulve pabory onpeseven- 
HOrO BHa pene: sekTpHyeckue XapakTepHCTHKH peje, BpemaA 
cpaOaTbiBaHua, noTpe6ssemyto MOULHOCTb, KOMMYTAlHOHHY10 cnoco6- 
HOCTb KOHTAKTHOM CHCTeMbI M Apyrue. 
Hurke paccmatpupalotca oTiedabune BHbI NapaMerpos. 


18-1. KOHCTPYK THBHDIE MAPAMETPbI 


IIpu mpoextuposanun HHYKUHOHHOM CHCTeMBI BHIOHpPAaloT KOH- 
CTPYKTHBHbI€ pa3Mepbl TaKHMH, 4TOOBI NONYWIHCh =HaHJlyauHe 
YCHOBHA HCNOMb3OBaHHA AKTHBHBIX MATepHaJlOB CHCTeMI, Mcxoqnok 
BeJIHYHHOK ABJIAeCTCH 3Ha¥eHHE ky — KOHCTPyKTHBHOFO KOSPPuULHeHTAa 
CHCTeMbI, ONpewesaioumero coboii BeIHYHHY Bpaliaiomero MOMeHTa 
Ha poTope B PyHKUHH sHayeHu ToKOB KaTyilek. 
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OcHopHble MapaMeTpbl CHcTeMbI C AHCKOM 


a) SHaveHne BosfyiwHoro gaz0pa 3 AOMKHO ObITb MHHMM@aJIbHBIM, 
Tak Kak TIpH 9TOM yC/IOBHH nomyuaotcd HaHOObUHe 3HayeHHa M0- 
TOKOB B CHCTeMe MIpH 3a4aHHOM 3HaveHHy HaMarHHyABaloMlen CHIBI. 
MuHYMadibHoe 3HayeHHe 6 TIpHHHMacTCA 43 KOHCTPYKTHBHBIX coo6pa- 
KEHHH TAK, YTOOb! Mp BOSMOKHBIX OTKJIOHCHHAX B pasMepax Mar- 
HUTHOM CHCTeMbI AHCK, Bpalllaaicb, He KacaJicd MarHHTOMpoBona. 

O6uruHEIe MapaMeTpbl cHcTeM C AMCKOM: TOMMIMHa MaTepHaa 
qucka—1 mm, paccTOHHHe OT Wucka 0 MaPHHTOMpoBoOya B o6e 
CTOpOHbI 110 0.5 mM, Syun = 2 MM. 

6) ONTHMaJIbHoe 3HayeHHe yrvia ) fwd SKPaHHpOBaHHBIX CHCTEM 
nolyyaetcs mpd } = 45°. Tak, Bbipakad 3HadeHHe M, = k,P,P; sin y 
B (pyHKWHH H.C. KaTyUIKH, nosiydaem 


M, = k,2ml 22G,G, cos Y sin. 


3nech m— nocTodHHan, oMnpesemnemat peakuveli poTopa 4 MOTe: 
paMH B CTaJH. | | 
MakcHMa/bHoe sHaveHHe NpowspeqeHHA cosy sin} nosmyyaetca 
npu yrae = 45°. 
p) Pasmepbl MomocoB H WX pacmoulowkenve XapakTepH3ytoTcd cues 
JlylolluMH TapaMeTpaMi. 


— 


g=— at 
R,,— paauye nomoca; R— panvyc AUCKa, 
ue 
8 =R’ 
t— paccTonHHe Mexiy WeHTpaMe NOJNOCOB (TlomOCHOe AeseHHe); 
- : 
T= Bh? 


R, — paccTosHHe OT JIMHHH WeEHTPOB MOVJOCOB -10 tleHTpa ACKAa. 
Ha ocHopaHHH pada IpOBeAeCHHbIX pacueToB nowyueHbl ciesyto- 
mue JaHHble AA OMNTHMAaJIbHbIX 3HayeHHH: 


a = 0,1; 8 =0,15; 4 == 0,75. 


OcHoBHbie NapaMeTpbl CHCTEMBI C 6apa6aHoM 


a) 3HaveHue 8 BosAyllHOro 3a30pa Mexy momocomM H cepseds 
HHKOM Tak>ke TIpHHHMaeTCA H3 KOHCTp YKTHBHBIX coo6paxkeHHi. 

Tlpumep HCMowHeHHA CHCTEMbI © 6apa6aHom (pur. 18, 1): 

A 6apa6aHa paBHa 0,5 MM. 


5 B55 _ 1 ay, 


Pasmepri D, # D, ucnomHaloTcd NO TpeTbeMy Klaccy TOUHOCTH, 
nmocayka Cz. 
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Bepxuuit mpegen oTKoHeHHA B PpasMepe 3a30pa Nosyyaetca pas- 
HbIM 0,05 wm. 

CneqyeT OTMeTHTb, 4TO BHINOHeHHe CHCTEMbI C 3a30p0oM 6 = I mam 
CBASAHO C TEXHOJOrHYeCKHMH TPyAHOCTAMH. Tlostomy yacto ucnou- 
HAIOT CHCTeMBI, B KOTOpHIX 8 =2 um. | 

6) Pasmepb mosocoB u ux pacnowloxeHne 
XapakTepH3yioTCA CJleAy!OUHMH NMapametpamu: 


b AHHa Nomo0cwoh Ayru 
er a = ; 
by ANHHa Oapa6ana 
8 = { AauHa nomoca . 
‘dy auimna Gapa6ana ’” 

tie ANHHa NOMOCHOH Ayru 

— 3S... a 

7 T NOMUOCHOe JeneHHe 

Aina onpeyenenua ontamaabynx 3Hate- 


HHH a, 8, 7 3HaveHHe k, UpHBOAAT K BHA 
kp =a(2); Rp =B (8); &, = 4 (7). 





ur. 18, 1. Pasmepu 


IIpuauman pa3snnuHbie sHauenua a, B un, wactell MarHuTHod 
CTPOAT KPHBbI€ H HAXOJAT ONTHMaJIbHOe pe- CHCTeMBI. 
menue, 


Ilo aHHBIM paya pacueros onTuManbHoe SHayeHHe HaXxOMHTCA 
B Npefenax a =0,3-:-0,4, 
HayeHHe 8 B HCNOJIHEHHBIX CHCTeMaXx: 
4-nomocuaa 8 = 0,625; 8-nomocHaa B = 0,316, 


182. PACYETHBIE MAPAMETPDbI 


PacueTHbie NapaMetpb! BBIYNCIAIOTCA pH MpOeKTHpoBaHHH HH- 
AYKUHOHHOH CHCTeMbI H yTOUHAIOTCA SKCNEPHMeHTaIbHOW MpoBepKoki, 

HOBHBI€ pacueTHble NapaMeTphi: 

Mazxumnse nposodumocmu G ana noToKos cuctembt. Buuncasior 
SHavCHHA MpOBOAMMOCTeH AIA NOTOKOB pa6ouero uy pacceAHHaA, 

Onpezensior 3Hayennue KOSPPUUHeEHTa pacceAHHA NMoO0COB 


o = Ent Gre 
Gp’ 
rue G,,— mpuBezenuoe snayenne Kos@puuveHTa paccesHHa. 

SYe2rt nomepo. Buancamior sHayenue 7 AWA Kaxoh rpynns no- 
qocoB. B HCNOwHeHHbIX CHCTeMax, Kak mpaBusd, 3sHayeHve y oOjH- 
HaKOBO Jif BCeX rpymn Momocos. Tak, B TaHreHuvalbHo CHCTeMe 
SHAYeHHE {,— BepXHero MarHHTonpoBora PaBHO’ 7, — HHKHero, 

Kosdpuyuerme conpomuearenuii. KaTyWkKu Ka2KNOrO 43 Nowm0coB 
CHCTEMbI XAPaKTEpu3YIOTCH SHAYEHHAMH KOS(PhuUHeHTOB CONpOTHBWIe- 
HHH: k, — 9neKTpuyeckoro, k,, — “HAyKTUBHOrO, k, — nonHoro. Tomb- 
SYACb STHMH SHAYCHHAMH, MOXKHO ONpeqeuHTb Bce NapaMeTpbl Ka; 
TYWKH B (byHKIMH YHCa ee BUTKOB. 

ConpoTHBsieHHa: r = kw; x= k,wts z= kw, 

Tlorpe61aemaa MomHocTh P = Rk, (w)* BoabT-amnep. 
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U v 
H.c. xatywiku F =; aMmep-BHTKOB. 
z 


Buuucaeuue k,. Ucxogubie COOTHOMEeHH1. 
L. ° 10-8 lp . hp 








fas? w (a); q=Tfp em (5), 
HJIH 
oe le + 10~* —— 2 
(=O 


3necb p — AIA HarpeTOH MeN; L., ln» hy—B MM; 
f,—B MpeABapHTevIbHbIX pacdeTax npuHumator f, = 0,9. 

Buuucaenune R,: — yl = wwG = wwsG, = Rw". 
3necb G,—MpOBOAHMOCTb AA pa6ouero NoTOKa, 

6 — KOa(pdULHeHT paccedHHA Mowtoca. 

Koachpuyuenmot momeHmos. Burancnaor sHaueHua Ry, Ruy Rms Rx 
(cm. Naparpad 16—5), KOTOPbIMH TlombsyloTcA MpH pacueTe OTeJIb- 
HbIX HCMOJIHeEHHH pele. 

Tepmuueckan ycmou4uéocmo. Jlna oTaembHBIX KaTyleK MOJIOCOB 
BbIUUCIAIOT TpeAesIbHOe 3HadeHHe JONycTHMOH H3 yclOBHH HarpeBa 
HAaMarHH4HBalolel CHVIBI. 

VicxogHoe COOoTHOUeHHe 

P = S80, (a) 


rae P—cyMMapHble MoTepH, onpeveAIOMIHe co6olt HarpeB KaTYLIKH 
H COCTOHIUHe 13 9eKTPHYeCKHX HOTepb B KaTyillkKe MH NOTepb Ha 
ructepe3vc HW BUXpeBble TOKH (P,). OObptmyHO 3HAadeHHe P  yuntTbi- 
BaloT C MOBbILICHHbIM 3HaYeuueM Koadpumuenta F,. []pHHamatot 


P =k, (Jw); (5) 


11 — KOIPPHUNEHT TenNooTAAaH KaTYLIKH 5 

Q — npeaembHoe 3HayeHHe MpeBbiilicHHA TemiepaTypb! KaTylliki. 
Jlna HHAYKUMOHHBIX pesle NpHHHMaIoT @ — 60° —- 69°. 

Viz (a) u (0) 

(2k) aw? = pS0, 
WJ 
(10) np = V - (18-1) 
r 

Ip spi6ope ceyeHtit MpoBosa AH KaTYIUKH TOKa CJleqyeT YuH- 
ThIBATh 3Ha¥eHHe KpaTHOCTH TOKa KOpOTKOPO gaMbikaHua. Tak, Mpu 
KpaTHOCTH, paBHO 50, ceveHue MpoBoa MpHHAMaloT TaKMM, yTOObl 
pH In.= 50/4, H BpeMeHH ipoTeKkaHua TOKa | ceK, NpeeJIbHbIM Ha- 
rpeB Me OOMOTKH He MpeBOCXOAMT Temnepatypbi 200°. 

Takum o6pa30M, HeOOXOfMMO BbINHCIATb ABA 3HayeHHA TePMH- 
yeCKO YCTOMYMBOCTH TOKOBbIX KaTYUIeK. HOMHHaJIbHoe, C YyueTOM 
IIpeBbILeHHA TemMmepaTypb! He 6ostee 65°, HW OMHOCeKYHAHOe, C Mpe- 
JleAbHbIM HarpeBOoM OOMOTKH MeAH 200°. 

Tlunamuueckan ycmoiuuusocmo. IIpenen MHamMuyecKkoH ycTOHYH- 
BOCTH OlIpegeaeTCH JOMNyCTHMbIMH BHOpalWAMH poTopa. HexotTopas 
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H€3HauMTebHan BHOpaluA Bcerga HaOmonaetca B CHCTeMe, HO NIpH 
OOMbUIMX TOKaX H HaNpsKeHHAX, NOABENeHHBIX K KaTyllIKaM pegie, 
BHOpallA YCHJIMBaeTCA HAaCTObKO, 4YTO MOKeT MpHBeCTH K Topye 
NOAWHNHAKOB: Kpome toro, cHJIbHBIe BHOpauHH HapywiaioT mpa- 
BHJIbBHOCTh paOoTh pele H CO3qaIOT HeNpHATHOe wa cilyxa gpe- 
OesKaHHe. 

7iuHaMuyeckan ycTOHYHBOCTS ONPeAeeHHOH CHCTeMBI ycTaHaBJH- 
BaeTCA SKCHEPHMCHTAIbHO H XapaKTepH3yeTcH NpenenbHbIM 3Haue- 
HHeM @MI€p-BHTKOB KaTyUleK pede, JONycTHMbIX JIA 3TOH CHCTeME. 

B o6praHpix HCHOMHEHHAX HHAYKUHOHHBIX CHCTeM lmpeqebHoe 

sHaueHHe H.C. Fy KaTyWweK HanpsxKeHua, MONYCTHMOoe H3 ycnoBHh 
TEPMHYeCKOH YCTOHYHBOCTH, MeHbIUe 3Ha4eHHS H. c. Fg — nonyctn- 
MOrO H3 yCJIOBHH AMHaMHMYecKOH ycrToliun- 
BocTH. Tak, NpW npoBeqeHHBIX uCHbITaHHAX 
pele C YeTbIPeXNOMOCcHOH SOapa6anHoli cucTe- 
MOH NOJIYYeHbI CleLyioulHe AaHHbTe: KaTyluKa 
HampsxKenna: Fr = 450; Fa = 500; xaryurka 
ToKa: Fr — AaMTenbHBIe — 450; Fs = 500. 

TakuM o6pa3om, B jaHHoii CHCTeMe 

Fr<Fo, u NpelebHOe 3HAYeHHe H.C. BbI- 

OupaioT, HCXOAH 3 ycnoBHii TEpMH4ecKolt 

ycrouunpoctu. [Ipu stom caenyer yuecTb, Pur. 18, 2. Momoc 
4TO B MowmrocaxX Cc KaTyUIKOli TOKa BO3HH- C BbIDe3OM. 
KaloT TIPH peKHMaX KOPOTKOFO 3aMbIKaHHA 

SHANHTCJIbHbIe TOTOKH, MPHBOAAUWMe K BUOpallMH poropa. Tlostomy 
HY*KHO CTP€MHTbCA K TOMY, YTOOb! CTab MOJOCOB C KaTyiIKOM ToKa 
Hacbliitaach yxKe npuH 500 ae. Jlocruratwr 9tToro IlyT€M BbIPe3OB B 
2KECTAX MOJOCOB. | 

Ha gurype 18,2 npusegen NPpHMep Taxkoro ucnowHeHuA. Wupuna 
BbIPesa BbIOpaHa TakOH, yTOOL! B y3KOH uacTH nostoca HHAYKWHA 
Oblla nopagKa 1,5 - 1075, NpH H.C. KaTyWIKH, paBHon 500. 

J{aHHble CHCTeMBI: ceyeHHe cra nowioca g = 4,5 cm?; noroK no- 
soca, np F = 500, @ = 16- 10-5 66: ceuenne nomoca B Y3KOH 4acTH 
qi = 1 cm? 7 

Jlo6pomxocms. OcuoBHbim KOHCTPYKTHBHBIM TlapaMeTpoM, Xapak- 
TCPHSYIOWHM CTeNeHb HCHONb3OBaHHA aHHorO Bula pee, cuH- 
TaeTcCA KoSpPuLHeHT AOOpotuoctu kag HIM, KaK TOBOPAT, «106por- 
HOCTb» cCHcTeMbI. [Ip omeHke CHCTeMbI YYHTBIBAIOT Be OCHOBHBIE 
BeJIH4HHBI: 

a) MOMeHTHI Ha poTope, onpesensiomue paOoTy KOHTAKTHOH cuH- 
CTEMBI, @ TaKXKC YYBCTBHTCIbHOCTb CHCTeMBI: 

6) norpe6temyro MOMHOCTh KaTyulex, ONpeeAIOMLyIO Harpy3ky 
H3MEPHTEJIbHBIX TpaHCPopmaTopos. 

Ilosromy Aq oueHKH KayecTBa MHAYKUMOHHOM CHCTeMbI NpHHATa 
Ta ke Popmysa, YO M ANA aCHHXpOHHBIX ABHraTenell c KOPOTKO 
34MKHYTBIM POTOpoM: 

MyCKOBOH MOMeHT 


ko = ‘ 
20 NOTpeOdemaa MOMHOCTb MpH nycKe 
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Jina WHAyKUHMOHHOM CHCTEMbI SHATeHHe kas XApaKTepH3syeT MOMCHT 
upu | ea norpeOseMol MOMIHOCTH KaTYLIeK- 


b _M {cm 
86 6a ea 





Jina onpenesieHHA 3HadeHHA kog HalO BbIpasHTb 3HayeHHe 
M, = k,P,P, sin B PyHKIUMH noTpe6AeMOH MOULHOCTH KaTYIIeK. 
Haiinem 3aBHCHMOCTb ®, H @, OT NOTpe6GAAeMOH MOLIHOCTH CH- 


CTeMBI. 
a) Tlomioc c KaTyUIKOH ToKa 
@=V 2 -IwGcosy. (a) 
[lanenne HanpsxKeHunA Ha KaTyUIke TOKa 
Pw 
U Sees 
R V 9 (b) 
Tlorpe6femMad MOLJHOCTb KaTyWKH TOKA HS (a), (6) 
ec steps 
Ul = 2G cos ¥ e", 
HJ 


@ = Vy * VUI. | (c) 
6) Momoc c KaTylIKoH HanpsxKeHHA 
Pw U 2 
U = —— L,= —s ES > 
yo’ " owG Y2wG 


o=V 8ytT. (a) 


Tlonp3yacb (c) u (d), MOxHO Halira 3HaueHHe Rage. 
a) SkpaHnpoBanHad CHCTeMa C KaTYWUKOH TOKa: 
NIPOBOAHMOCTH MOJIIOCOB G, u Gg; sin = nocm. = R,. 


2 cos a aie 
kag = Ry ° Ry s : V G,G,; 
M = RaeV I. 
Takoe >Ke 3HaveHHe Rag MONyyaeTcA U AA 9KPaHHPOBaHHOH CH- 
CTeMbI C KaTyWIKOH HalipsKeHHA. 
6) Pene c AByMA KaTylUKaMH NMTaHHA, HaMpuMep pesie MOWHOCTH. 


Tlorok ®, ompezensetca ToKOM / ceTH, NOTOK @, —— HallpxKeHHeM 
U cetu; yrou ~ nepeMeHHbIi. 


kos = Rp cust ws V 2: 
M =kos VU,I VUI, sind. 


V3 BbipaxkeHHA JA Rog BUNHO, TO CYMIHOCTbh cCO3qaHHA pele 
C BbICOKOM MOOPOTHOCTHIO 3akJNONaeTCAH B NOWYYeHHH 6oubllero Bpa- 
maromero MOMeHTa IIpH TOM 2%xe NOTpeOeHHH KaTyUleK B BOJIbT-aM- 


HJIH 
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nepax. Baicokue sHayenua ke, NOJydaloT TPH NpaBysbHom nonx6ope 
BC€X COOTHOWICHHH MarHUTHOH CHCTeMBI. 

B TanreHuvanbynlx cucremax OoubIyIO pomb urpalor KOH@ury- 
PaulHH BepXHero HW HM>KHero MarHHTONpoBoga, paccTosHue MexKILy 
NOJHOCAMH, PaCCTOAHHe NOmOCOB oT HeHTpa; B 9SKPpaHHPOBaHHbIX — 
TCOMETPHYECKHE PasMepbI SKpaHa: B OapaOanHpix — pasmepni NOwO0Cc- 
HBIX JeJeHHH, pasMepbl GapabaHa: Bo Bcex BuaX CHCT€M — COOTHO- 
INCHHE MCKAY TOMMHHOH MaTepuana poTopa H BeJIHYMHOH 3asopa. 
CreneHb Hcnosb30BaHHA Pa3IMYHBIX BHAOB HHAYKUHOHHEIX CUCTeM H 
HCHOMHEHHH STHX BHIOB XapakTepu3yetca sHaveHHem os. Tanren- 


lcm 
UHaJIbHBIe CHCTEMbI HMeIOT 3HayeHHe hoo nopayka 5 re 
Ye6okcapckum alnapaTHbIM 3aBOJ0M ObIIH npoBeyensi Hccw1eqo- 


JHOCHOM pele pasHbIX BuyoB.:Ilonyqenube taHHne NPHBeAeHbI B Ta- 











One. 
Tabauya 25 
SHauenna Koobmunnentos Z06poTHocru 

3asop ae Matepuan hog lcm 
3 MM A as MarHuTONpoBona 6a 

2 0,5 34 7,9 

I 0,5 24 12,4 

1 0,4 © ABN 14,3 


Flo PaCYCTHBIM JaHHbIM HHA YKUHOHHOe BOCbMHTOJNOcHOe pee HMeeT 


M 
SHaveHHe Rag = 6,6 < : 





| Tabauya 26 
Iipamepuuie snayenua HapaMeTpOB TaHrenyvaabHOA cucTemny } 
| Maruutonposog 
Hanmenosanue napametTpa 
BepXxHuit |  HwkHHi 
Maruutuaa noToka M, ......, G, =5,1 - 10—? — 
TIPOBONHMOCTB | toto ae — G. = 1,54 . 10? 
66/ae noToKOB @,, @, 2... e=1,5-10-7 1G, =0,8. 10-7 
OMH¥eCKHH, C y4ueTOM NO- 
Kosbounverti Tepb BCTalH., . .. . ky = 48,5-10-* | &, = 3]. 10-4 
KaTyuIeK HHAYKTHBHBA . fl. , Cy ky, = 162-10-* | k, =61- 10-8 
HOMHOFO CONPOTHBIeHHA .| k, = 168. 10—8 kz = 68 . 10-4 
NOJIHOTO CONPOTHBIeEHHA . rk = 75°; Pk == 63° 
Yrau { NOTeph. . . ... Y= 12°: y= 12° 
MO =TeNOBOMy pexkuMy . 
(@=609)) ...007, F=610 ae; | F670 ae 
Hlonyctumoe , (118 O6eHx 
SHaYeHHEe H.C. KaTy lek) 
NO MHHAaMHYeCKOH ycToH- 
WHBOCTH 2... ww. F = 500 ae; F == 670 ae 





1 Cm. urypy 18, 3, 
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@ur. 18, 3. SCKH3 MarHHTONpOBOAa H BeKTOPHBIC jluarpaMmMbl. 


Tabauya 27 


ul 1 
I[pHMepHnie sHa4ueHHA MapaMeTPOB 6apaGaHHOW CHCTeMbI 
oe 
ee 
HanmenosanHe 
napametTpa 


we aan Be aN ee ee ee 


S3yHaueHHe NapameTpa 


Maruurable nposogumocts | Ata moToKoB spa (Pir; ey 10—? 
| eTOM peakKUHH poTopa a ae 
eas P P Is MoTOKOB nowl0coB (P;; Pe) 

oe, Gy = 2,16 ° lor 


ae 
— Py t+ Pie _ 1 4p. g = PMH 13 
KoabbuunenThl paccesHHA = caer a as 
Aa ABYX MOCMeOBaTeIbHO BKJIOYCHHDIX KaTyluek 
apmMa (2W) ees 
KospHuveHTH KaTyLICK k= : 


JA WByYX nocJieLOBAaTeJIbHO BKJIIOUCHHbIX KaTylWeK M0- 





aoe k, = 108 - 10~%. 
MOHOTO COMPOTHB- . 
cena : 9, = 54 55° 
CTOHYH- 
ii aaa : qian 2w, H 2w, F = 450 —— 500 ae 
penises yCTOH4H- pesaepas 
1 Cm. urypy 14,4. : 
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PIABA 19 7 
TIPHMEPbI HCIOJIHEHHS| HEKOTOPBIX BAJOB PEJIE 
19-1. RM®OEPEHIMAJIbHO-TOKOBBIE PEJIE 


Auppepenuvanbupie ToKOBbIe pene JelcreyioT B dbyHKuny pa3- 
HOCTH JByX TOKOB 
Mr = kr (1; — 1,). 


B CCCP spinyckator pay Taknx pee 2A Auppepenunanxol samutyy 
JIMHHH MW TpaHchopmatopos. 
JludpepennnabHble pee HMeIOT 
Abe rpyNbl KaTywek: nepBpasa nuraet- 
CH TOKOM [y, KOTODbIii Ha3brIBaeTcA 
pa6ouuM TOKOM, Tak KaK BeqHUHA 
ero onpemesaeT co6ol pa6boun MOMeRT 
Ha poTope, Bropad muTaetca TOKom J, 
KOTOPbIM HA3bIBaeTCH TOPMO3HbIM, Tak Pagar ee 
KaK BeJHUHHa ero onpedenser co6oii PeneH = PeneB 
TOPMOSHOH MOMeHT. @ur. 19,1. Cxema sksuouenua zndb- 
Ji NOAcHeHuA cKa3aHHOrO pac- hepenyuanbuoro ToKoBoro peue. 
CMOTPHM CX€MY, H300paxKeHHyIO Ha 
urype 19,1. Of COWIMX IIHH OTXOAAT ype NHMTaroluve HHH. 
B kaxgol HHH ycTaHoBeHO AudpepeHuMabHoe pevsie, nelicrBue 
KOTOpOrO JOJ2KHO ObITb B (byHKUHH PasHOcTH TOKOB (/,—/7), rye 
{p—TOK 3alMmaemoli mMHHH, a [7 — BTopoit. 





7 
Lp We + IW, 
lp We-lrWr 






Lez | i 
Py 


~—— 
gr 





ur. 19, 2. Maruuruaa cuctema BeKTOpHaA AHarpamma. 


eK TPpOMarHHTHas XapakTepHCcTHKa peyie, Ha3biBaemag TOPMO3HOH, 
OKa3aHa Ha curype 19,2: npu Jp = 0, TOK Ip. ROmKeH 6bITE onpe- 
“JI@HHBIM — Nopsayka 2-4 a, npH Hannan TOPMO3HOrO TokKa Jelict- 
i€ peje orpy6asetca. Crenenb OrpyOvleHHA pee BbIpaxKaetca B 
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npouentax. Tak, pi 30-npoweHTHOH XapakTepHcTHKe OTHOWeHHe 
I,[I7 = 1,8. : 

Hmxe mpupogatca o6uwe COOTHOIMeHHA AH pacueta AudpepeH- 
UHaJIbHOrO TOKOBOrO peJie AIA 3aulMTbl juuult sekTponepenay. Cxema 
BKJIOUeHHA KaTyWeK, BeKTOpHad AMarpaMMa H XapakTepHcTHKa peve 
noKa3aHbl Ha durype 1Y, 2. 

OnpenenuTb NapameTph pede pH 3afaHHbIX BesHGH- 
wax: Mno = 0,35 [cm; ToK cpadaTbIBaHid — In =2,5a npa [r= 0; 
[,[I7 = 1,3. 

1. [punatpe ympomenua: momarakM yron [plr =a =O. 
Jina nlosy4eHusa MaKCHMabHOrO SHadeHHA M, npwHumMaem ) = 90°; 
BeKTOpbI P, H P2 NpHHAMaeM COBMaaOUHMH C H. C. KaTyIeK, Tak Kak 
yrsibl WOTepb {1 A Ya MIpHONHKeHHO PaBHEl. Torga yron ®,P, paBeH 
yray Iyls; 

ll. Ipunata 4-nomwcnad cucTeMa. H3pecTHbl napaMeTps 


Ro, G, G, R,, Rx T- 


Ill. O6mee ypaBHeHue MOMEHTA 





BD, = V2([pWp + Irwr) G cos7; (2) 
Dy = V2 (1 pWp — [rwr + 2 nWx) G + COST. (5) 
V3 dburypsl 19,2 
1, —! ®t 
1 ,Wp— [rr + 21Ws = gy (c) 
sind = 1, (d) 


Tora 
My, = 2kpG? cos? 7 (I pWp + I pwr) (1pWp — [7r@T) i : 


YuntTeipad, aTO yro 8 ocTaeTCA NOCTOAHHKIM MIpH BCex TaKH? 
KaTyllKax, HMeeM 
2 3 2 2 
rye 
1 : 
wie 2 24 
ba = 2h,G? cos? 5 


IV. YctaHoBanenune yrua 8. 

Jina ysenuuenua M, cTpeMaTca K yMeHbiueHuto 98. OrpaHHue 
parole ycnoBua: 1) 3HayeHHe eEMKOCTH ©, onpenersionel co60 
0, =90—4; mpHHuMaloT C= (4+-6)pF c TaKHM pacyeTOM, uTO6! 
KOHIeHCaTOp MOXKHO ObIJO BCTPOHTb B KOpHye peste; 2) SJIeKTPI 
yecKoe COMpOTHBIeHHe KaTyleK KOHTYpa 6 HpwHuMaroT 45-55 

V. Uncao. BHTKOB KaTyWMmeK KOHTYPa— Wx. ry— Cc 
MpoTHBJIeHHe OMHOH KaTyUIKH; fa— wo6aBouHoe, AA HacTpOHK 
KOHTypa; fa = 0,57). 
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Torgza 
Pe = Ory +19 = 25k ws 


2 l 2 
Ly = Wi Gye; Xx — on 40, Gc. 





= E,, o2w,o, 
Ln Virb ays 7, = V2z, | (a) 
P, = V2 1, 2w,G cos 0. (0) 


Tlozctrasnaa (6) B (2), pewlaa orTHocuTembHO Z» W CpaBHHBaa c 
2 2 
ypapHenuem Z, = V 7° +- X,, HMeem 


2 2 2 
2wG + cos Ow, = V (2,5¢,0%)* +. (= + 40w5G yc} (c) 


M3 (c) onpegenaem w,. YMcIO BHTKOB w, ObIBaeT B mpezenax 
1400—2000. 


VI. VWucaa Burxop Wp, Wr. YUNTbIBaN ycnoBHA Ino = 2,5 a 
npu /y=0, umeem 


need 


M 


Wy — —2 e 
Ral po 
H3 ycnopua 
[ pW — [rpwr 
HMeem 


19-2. PEE MOLWHOCTH 


B yctpoficrsax peNeHHol samuTH pene MOINIHOCTH TPHMeHAIOT B 
KaveCTBe SJIEMeHTOB, (PUKCHPYyIOMHXx HalpaBJieHHe MOMHOCTH. Ilostomy 
B AaHHOM Cilyyae HHTepecyioTca He TOUHLIM 3aMC€POM 3HaYeHHA MOIL- 
HOCTH B JIHHHH, a TOKO HallpaBJIeHHeM 9HepruH. | 

Heo6xogzumo o6ecneyHTb HalexHoe Cpa6aTbiBaHHe pee B cayyae 
KOPOTKOrO 3aMbIKaHHA, Korma HamlpAKEHHE CETH pesKO cHHKaeTCA. 
CTpematca noxo6patb napametpsl peste TaKHMH, 4UTOOb! NpH KOpor- 
SOM 3aMbIKaHHH, Korga yron 9 ceTH HSMCHACTCA, SHaYeHHe yraa d 
dbIO 6.1H3KO kK 90°, Kax MIPaBHJIO, Pe€ MOUHOCTH BKMONAIOTCA Ha 
NHHeHHBIe HanlpaKeung, HanpumMep Ug, Us», u aunetune TOKH — 
lax 1p. OnHako 3aponcKan XaPaKkTePpHCTHKa pene OTHOCHTCA K Caly- 
lalO BKMOUeCHHA KaTYUIeK pene Ha HalpAKEHHE H TOK OHOH bags, 
fampumep U,, J4. Taxyio AapakTepHCTHKY Ha3OBeEM OCHOBHO tt. 

Barwon ocHosuolt XaPaKTEPUCTHKH MOMXKHO NOY4NTh v3 BeKTOp- 
lof QHarpamMnl pene (pur. 19, 3): 


®,=kU; d,=b,/- sin} = sin [90 — (9 + 7 +. 6)] = cos (~ + a); 
7 Mu = k,UI cos (p+ a). 


Yroai a@ Ha3piBaetca AONOAHHTEbHBIM YTJIOM pegie H BbIOHpaetca 
SaBHCHMOCTH OT CXeMBbI BK IOUeHHA pene. Wi3 to 2xe guarpamonl 
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BHIHO, YTO yFON a SaBHCHT OT yTld KaTYWKH ?,. TakaM 06pa30M, 
Win W3MeHeHHA & HeOOXOAHMO MCHATB 3HaueHHe >, BBeReHHeM B UWerlb 
KaTYIKA eMKOCTeH HJIH gJleKTPHUeCKHX CONpOTHBJeHHN. : 

Buidop yrua « MpoHsBOAMTCA TPH TOCTpOe¢HHH BeKTOPHOH AHa- 
rpamMbl jeHCTBHTeJbHOrO BKMOUeHHA pesle. Tak, CCIM BKJIOUCHHE 
NponsBoquTcA 110 Q0-rpafycHOow CcxeMe 
(U,., fa), TO 3HaA 3NadeHHe yria 9 CeTH 
IIPH KOpOTKOM 3aMbIKaHHH, MO?KHO HalTH @ 
H3 yCAOBHA NOyYeHuA B STOM cayuae 
gHayenua yraa ) = 90°. 

V3 storo yesosua (cur. 19, 4) cuenyer- 





Te aera em (a) 
aa. deepen ee (b) nonyyaem 9, == 9. Toraa 


HarpaMMa. 

eek «= 90 — 0, = 90 —9 = 90 —75 = Id”. 
Jlna fannoro calyuad, T. e, BKJIOVCHHA pesie m0 90-rpafycHok Cxeme 
H yruia KOpOTKOrO 3aMbIKaHHA CeTH P = 75°, Hy2KHO IIPHMeCHAT pevie 


A 


MOULHOCTH C OCHOBHOM xapakTepHCTHKOH 


Mma = k,UT COS (o 4. 15). 


VicnoHeHua pewe HallpaBJleHHs MOULHOCTH 


CymlecTByloT pesie ¢ TAHTCHUHaIbHOM CHCTeMOH HM C 6apadaHHolt 
cuctemoli. [lepppie ripHmenaiorca B TeX CaydanX, Kora He NpebAB- 
WOT OCOOHIX TpeSoBaHAli K ObICTPOMy yeHcTBHIO pee. 

Lmxke NpHBO_UTCA NpuMepHbIii i 
KpaTKHii pacdeT HalipaBJcHHA a. 
molHocTH. CxeMy H BeKTOPHY!0 | p 
quarpammy cM. Ha (purype 19, 5. 
3anano: U = 100 e, [=5 4, 
f = 50 ey; 9 = 60°, BKsmONeHHe TO ae 
Q0-rpafycHoh CXeMe, HauaJIbHbId 
MOMeHT BO3BPaTHOH  Mpy2KHHbI Uc 
Mno = 0,5 (cm. TpeOyetca Onpe- Be 
JeNHTb JaHHble KaTyuiek WH MHHH- 

MaJIbHy!lO MOLIHOCTb cpa6aTbiBa- ur. 19, 4. BexTopHad AvarpaMMa. 
HHA. 

1 MarHutTHaa CHCTEMA. IIpuHHmaem AA TIpOeKTHPOBAaHH: 
TAHPeHUMaJIbHy!O CHCTEMY, npesctaBseHHy!o Ha purype 14, 1, nape 
MeTpbI corsjacHo TaOIMe 20. 

9 BounucneHuHe yrda Yx. Crpoutca BeKTOpHai quarpamMM 
pese, HalpsaxKeHHe nunenoe Up, TOK asbt [q. GHaveHHe 9, NOL 
6upaetca TakHM, yTOObl NpH KOPOTKOM sambikaHin (9 = 60°) 3Haue 
Hue ) = 90°. 
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M3 quarpamhe ° 
Px = 60°. Hopmaanpnuo ° 
YMeHbUIeHHA ero 3Hayenna ae as id Pees paBeH 75°, naga 
CONpOTHBeHHE Fo. TeJIbHO 2O6aBOUHOe 
Onpexege 
HHO We; 3afaloTrcg 3 
HaveHHem . 
oma to ae OObINHO B npenenax 20 6a — 30 Pg a 
ioe! 6a. P ; 
Toraza aCueT NPOBOMHTCA BHaYayie 6e3 yueta ro, 
3 2 
vA = —_—_- = 100? a 


3 COOTHOWeCHHA 


h,We = Z: <= V ae 
5 We {68-923 = 1410 
NipHHHMaem w, = 1400. | 











Pur. 19, 5. Cxema sxmouenua y BEKTOPHad Avarpamma pene 


p e Yq q 
: tTpeneds C Wy. 3SHa eCHHe TepM ; YHBOCTH 
| 4,0 HH H4e€CKOH yCTOH : 
NDRHHHMaeTCA PaBHbIM 50. To AAHHbIM, NPHBeJeCHHBIM B rilaBe 2 a 
> hdl 


nyckaeTca nmaOTHOCT = os 
b TOKa {= 15d ; Torma 


250 
7 = jg = 1,61 ue?; d= 1,43 wy, 


lipyyumaem d= 1,45 wm. To ra6 
apHtTam 

B H€M MOXKHO NOMECTHTb JBe pea monty tea pe ai 

5. Bhiancnenne ro, pias 

x 
a ral tg ox = tg 60° = 1,63; x = 162. 10-*w? = 316 om; 
Te = 43,6- 108i? = 870m; ra = 107 on. 
6. Tlonnoe CONPOTUBJeHHE., 
Z= V x +r? = 370 om. 


7. pose 
pete PKa ww no TEeNTOBOMy pexumy. F npu 
100 


U 
Poy We =x ° 1400 = 380, 


KONYCTHMOe 3HayeHve F = 610, 
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8 SnaueHHe Ry. 
sing =1; Rp=7- 10-%; + = 12°; G,= 15; G,, = 8. 


Torna Rk» = 0,2. 
M, = kyUI = 0,2U1 Icom. 


9» MHHHMaaAbHad MOUHOCTH cpaOaTbiBaHHa pene 
P yun 
Yuuteipad Mano = 0,0 cm, 
0,5 


P yun = 027 25 6a. 


19-3. PEJIE COMPOTHBJEHMA 


Peje cOMpOTHBAeHHA NIPHMEHAIOTCA MatA BbIMOJIHEHHA WHCTAHWHOH- 
HbIX 3aNlHT, WeficTBHe KOTOpPbIX OnpememAeTCa mucTaHuvel — paccToa- 
HHeM OT MeCTa YCTaHOBKH 3alllMTbI Mo MecTa noppexseHua. JIMHHA 
9sIeKTponepesad XapakTepH3yercA COMpOTHBJIeHHeM OAHOFO KHJIOMETPa 
munvu Z KM. 

[IlpH KOpOTKOM 3aMbIKaHHM Ha yuacTke JIMHHH (K) (ur. 19, 6) na 
3axKHMaX mn nosmyyaeTcA HallpAxKeHHe 
U mn = 2 Lm 


Monuoe compoTuBsieHve NeTsM MK 


U 


Zi — = — ALwiis 


n 


IIpu pacuere pene NpHHHMaioT BO 
| BHUMaHHe BTOPHYHbIe SHAYeHHA COTNPO- 
ad THBIeHH, T. €. BEHUMHBI CONpoTHBJIeHHH 
c yyeTOM HallpaxkeHHH H TOKOB BO BTO- 


@ur. 19, 6. Cxema yuacTka = pMuHbIX WenAx TpanctopMaTopoB TOKa 
JIMHHH asleKTporepesayy. i HanlpAxKeHHA: 


jeg EG 










U k 
U,==-3 h= | 2g= Liz. 

Hmxe paccMaTpHBaloTca TOJIbKO BTOPHUHbIe SHAYCHHA HarlpsxKe- 
HHH, TOKOB H COMpOTHBICHHH. 

B npakTuke, Kak MpaBHio, IpHMeHAIOTCA pese CONpOTHBJIeHHA 
MHHHMadbHoro RelcTBHA, T. ©. cpaOaTbIBalollHe B TOM CJIy- 
uae, eC/JIH CONPOTHBJeHHe NeTIH KOpOTKOTO 3aMbIKaHHA mKN MeHbIle 
yCTAHOBJIEHHOrO B pele. 

IIpu nocrpoenuu pese CONPOTHBeHHA YIHTHIBAIOTCA ABa pe2xkHMa 
paOoThl JIHHAH gnekTponepemauu: 1) HOPMaJbHbI i, XapaktTepH- 
SYIOIMicA + HOMMHaJIbHbIMH sHaveHHAMH QVJICKTpH¥eCKHX BeJIAGHH, 
2) apapHiHelit. 

Jina nopMasipHoro pexKuMa ipHHHMA€loT 


U = 1006, 1=5a; z= 1 = 20 om. 
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B apapuitnom P@KHME JIMHHH pe3KO CHHKaeTCA ee CONPOTHBuIe- 
HHe, HampsxKenve Ha 3axKuMax mn PeSKO NafaetT, a TOK KOpoTKoro 
SaMbIKaHHA yBeJIMUMBaeTCH. | 

OXHO 4 TO xe sHaueHHe @ MOXKeT HMETb MeCTO NpH pasH4HEX 
BTOPHYHBIX SHAYCHHAX HaNpAKeHHH Hy TOKOB. 

Hanpumep, z= a = = 2,5 oma, 

Orcioqa BosHuKaer TpeGopaHue K pene: ero cpa6aTbIBaHHe JOmKHO 
ONpexeATbCA He BeMGHHamH U y | » 4 HX OTHOLWEeHHeM. 

OrmeTuM, To B JJIMHHBIX, 
CHJIbHO SaPpyXKeHHbIX JHHHAX 
SJEKTPONepenaq 3sHayeHna 2 pu 
HOPM@JIbHOM M aBapHiiHoM coctTog- 
HHAX JIHHHH Mavio OTJHYAaIOTCA: 
B WaHHOM Cay4ae ANA cpabaTbiBa- 
HHA pewle NOJIb3yiOoTCA TeM, 4TO 
yr Jibl NOJIHOFO COnpoTHBAeHHA pH 
STHX PeKHMAaX pe3Ko OTJIH4HBI. 

aPaKTepHCTHKH pese conpo- 
THBJICHHA CTPOAT OGbIUHO B KOOp- 
AHHaTax 7 — omuyeckoro compo 
THBICHHA HW X— MHAYKTHBHOFO 
JMHUH. 

OTH Xapaktepucruky HM@IOT 
BHA OKpyxHocteH (pur, 19, 7) 
C Pa3JIHGHBIM pacnovloxeHHem 
UeHTpoB: 1) pene nonHoro conpo- Pur. 19, 7. Xapaxrepuctaxa pene 
THBJICHHA C WCHTPOM B Hayavie CONPOTHBIeHHA, 
KOOPAHHAT; WITPHXOBKOM noKa3a- 

Ha rpaHula cpaOaTpiBanun peste — ono cpaOaTbisaet mpu sHayenusax Z 
MCHBIUMX PaqHyca OKpyXHOCTH: 2) HaNpaBseHHoe peje conpotusye- 
HHA C WeCHTpOM BHe Hauyana KOOpAHHAaT, 





Hpwayuns NOCTPpOeHHA pene 


O6mee ypapHenne OKPYXHOCTH B NOJAPHEIX KOOPpAHHaTax r—x 
(pur. 19, 7). 
24, R— 22R, cos (p — a) = R?, (19-1) 


SAecb Ro — nomspuartt PaQHyC-BeKTOp WeHTpa OKPy2KHOCTH, a — 
yroa Mexay Ry 4 OcbIO abcuHce. 

Yacruble cayyan: 

1) R=R, ~~ OKPYKHOCTb NPOXOAHT Yepe3s Hayao KOOpAHHaT:: 

2) Ry = 0 — uentp OKPYKHOCTH B Ha¥ane KOOpAMHar. 

Y papyenne pee CONPOTHBAeHHA DOMKHO COOTBETCTBOBAaTE (19-1), 

4A PCWCHHA 3aNa4nH BbINONHAIOT pew Tak, YTOGbI Ha OOILyIO Ocb 

leHCTBOBaH ~MOMeHTHI Tp€X MarHHTHBIX cHcTeM c XapakTepucTHKaMH 


MM, = k, UI Cos (p—a); Myr = kr I?, My = kU, 
8 ©. A. Crynem 273 
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3HaKH MOMeHTOB JlOJDKHBI 6hITb TAKHMH, YTOOb! MOMEHTY M,, TpoTH- 
BOJeHCTBOBAIH Mr u My. 


B HOPMaJIbHOM pe?KHMe 
U=Uy; M, > Ma + Mr; 


B aBapHHHOM 
U<U 4a; My <My+ Mr. 


PacueT pee MpoBosuTca TO KPHTHYECKOMY TONOKEHHIO 
My, = Mat Mr; 
kU? — k,UI cos (9 — a) = krl?. 


U 
PagnenMB BCe WIeHbl ypaBHeHHA Ha k,l?, cautaa +7 = Z, HM Ho- 


Vv E+ 4kpk, | 
in Ts 
Ae 


bh \2 
6aBvB B KaxKZoH 4acTH Le | , Momyyaem 
H 





_ (19-2) 





le. &k 
2* -- Le | i, 2 cos (y — 4) 





TlonyyeHHoe BbIpakeHHe COOTBETCTBYeT YyPaBHEHHIO OKPYXHOCTH B 
OJAPHEIX KOOPAHHATAX. Paguyc OKpy?KHOCTH 


R [+ Akpky 
— ae 3 . ® 
Ako 


[lonomenve WeHTpa xapakTepH3yeTcr AOJAPHBIM pallW¥yCOM-BeEKTOPOM 


k 


M 
Ry = x ° 


H 





Burpaxenve (19-2) aABAAeTCH HCXOZHBIM JWI MOCTpOeHHA PaSHbIX 
BHJIOB AHCTAHILHOHHBIX pee. Tipu HanMyan Bcex TPpex 9JIEMeHTOB — 
ToKa, HallpaxxeHH4A HW MOLLHOCTH, nojyuaeTcd XapakTepHcrTHka, cooT- 
BeTCTBYIOMaA OKPyKHOCTH 2 (pur. 19, 7). 

B yactHom calydae, pH OTCyTCTBHH 3NeMeHTa MOLHOCTH, T. ©. 
Korma ky=0, HomyyaioT pese NOMHOTO CONPOTHBJIEHHA (OKP y2KHOCTb 1). 


Rp k 
R,, 0 = FR, 


Panee BbINOJIHAJHCh MHOTOCHCTeMHBIC peste, T. e. TaKHe, B KOTO- 
pbIX Ha OOMLy!0 OCb jelicTBOBaJIM MeXaHHYecKH MOMCHTDI Tpéx CHCTeM. 
Bosee pallwOHaNbHOH ABJAeTCH KOHCTp YKWHA OMHOCHCTEMHOFO 
pele, B KOTOpOM cpaBHeHHe momentos My, My a Mr ocyulectBaneTca 
COOTBETCTBYIONIMM pacnipelevieHvem MarHHTHBIX Moved B HHAyKIHOH- 
HOH CHCTeMEe. < 

CopetcKHe WHKeHepb! WH yeHbie nmpopelu pat pa6oT mo ycoBep- 
INe@HCTBOBAHHIO: pevie COMNpOTHBJeHHA CXeMbI JLHCTAHUHOHBBIX 3alluT. 
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A. C. Tyan uP. ®, Spenpmtetiy paspa6oTaH O,HOCHCTeMHOe JHCKO- 
Boe pese. A, M. Bpeccaep PpaspaOoTa pay ucnonHeHni OWHOCHCTem- 


Jleranbyan paspa6orka Pa3/IH4HBIX BKOB pee CONPOTHBJeHHA 
AOKHA MPOBOAUTHCA Cc yyeTOM OcobeHHOCTes; NPHHATHIX CX€M 3aUlNTHI. 
Bonpochl KoMMaHOBKH TaKHX cxeM H3JIOKEHbI B CHeUHabHOH wuTe- 


paType. 
Hpumep wchoaHeHHa HanpaBsenHoro pee conpotusaenna 


Pene coctour u3 HHAYKUHOHHOH CHCTeMBI 4H TIPOMC2KYTOUHbIX 
TpaHcdopmarTopos ToKa u HalipsKeHHA. 

a) Tpaucibopmatop toxa BBITIOMHACTCA C BO3AYUIHbIM 3a30P0M; B 
TaKUX TpanchopmatTopax yron NOTeph NONyyaerca He3sHaYHTeHHIM 
HM NOSTOMy B pacueTax yron MeKMy TOKOM / u 9. a. c. E Bo pto- 
PH4HOK OOMoTKe NpHAMaloT paBHbm 90°, 

Bropuyuaa o6morka cHaOxKaeTca OTnalikamy AIH peryHpoBaHng 
NapaMeTpos pee. [IpomexyrTounpiit TpaHctpopmaTop Meer ype nep- 





®ur. 19, 8. Cxema BKJHOYCHHA ur. 19, 9. Bextopnaa AMarpamma 
peje conpoTusaenua. peje conpotuBjenna. 


BHUHBIE KATYIIKH, BKJHOUCHHBIC B enh TpaycopmatTopos tToKa pa3- 
HbIX (Pa3 C TeM, 4TOOBI HaMarHHunBalomlad CHa B MarHuTHOH cH- 
cTeMe Obila NponopuHonanbHa Pa3HOCTH JIMHEHHBIX TOKOB, HanpuMep, 
F=Cc Oi a~—,). | 

6) Tpanccopmatop HaNpSKeHHA HMCHOJHACTCA MHOrAa B BHIe 
aBTOTpaHcopmaTopa, cHaGxKaeTca oTnaHkaMu ws peryHpoBanuga 
apaMeTpos pevie. TIpHmepHas cxema BKmouenna peje mpHBeyeHa Ha 
durype 19,8. 
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VMunykuvouHaa cucTemMa HMeeT Be so ge haat ree 
- TOK B Ik 
Uernipe KaTYWIKH ApMa, TO : 
ae Sater nei Uns. a. c. £y; CMKOCTh C LO dies Rae 
suneee MOTOK B CHcTeMe OMepeKasl 10 (pase ila eee 
2) Jipe KaTyWKH, pacnoslOKeHHble BS nlovwroca , 
9, 0. c. Eg. . 
A Ha HalipaAKeHHe U u — 
eee iene ae paGoTbt pesie paccMOTPHM aS eat Hes - ave 
TypaxX H MOTOKH B CHCTeMEe, Si apes HallpaKeHH : 
E (cM. BeKTOpHy!o qMarpaMMy Lee eee 
[loroxu niomocos /, 3: = oy : a apa 
= Cg, “ing = Cals 
Tloroxu momocos 2, 4: Pn 3g 5 —— 
Pesy AbTup yrloulalt MOMCHT Ha poTOpe HMeeT cneAyIousHe 
JIALOLUIHE : 


Ma == ky [PayP ne sin vb, 4- DoeP 1 sin be] = k,UI cos (p — a.) ; 
Ma — RpPayPr sin bs = k,U?; 
Mr — RpPagP ne sin Ur —_— krl?. 
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YACTh YETBEPTAS 
PA3HbIE PEJIE, KOHCTPY KTHBHbBIE IJEMEHTpI 


nl 








PUABA 20 


MATHHUTO3JIEKTPHYECKHE Hi SJIEK TPOJHHAMHYECKHE 
PEJIE 


20-1. MAP HHTOSJIEK TPHYUECK HE PEJIE 


B MarHHTOSMCKTPHYeCKHX peste BpalleHHe NOABHAKHOH YacTuH, 
PaMKH, onpeyensetca B3aHMOJeCHCTBHEM NOJIA NOCTORHHOro MarHuta 
C TOKOM pamKu. Taxue pee NPHMeHAIOTCA TOKO AA Lene no- 
CTOAHHOTO Toka. Bkyroyenne nx 
B UeNb NMepemeHHoro ToKa BO3- 
MOXKHO Yepes BEINPAMHTeNH. 





Pur. 20, 1. Cucrema maruuto- - Pur. 20,2. Cuctema MarHHto- 
QNEKTPHYeCKOrO peue. SeKTPHYecKOrO pene, 


Oco6eHHOcTbIO MaPHUTOSJEKTPHYECKUX pene sBAeTCH Hx BbICO- 
Kad ‘YBCTBHTebHOCTh. HMeiotes ucnonenna TaKHX pele c MOI- 
HOCTbIO CpaOaThipanun P = j2r nopayka 1-10—10-:]. 10-11 gary Bpema 
CpaOaTbipaHHA UX OTHOCHTeENbHO BeJIHMKO — nopagka 0,4-+-] CeK VHB, 
AaBJICHHe B KOHTAaKTax HESHAYHTeJIbHOe, NopanKa 0,5 YL. Tlostomy 
o6slacTb NpHMeHenug MarHHTOSIeKTpHYeCKHX pese BecbMa OrpaHu- 


BBICOKOH 4YYBCTBHTeNbHOCTH. 

Popmbl MarHHTHBIX cHCTeM. Pasamuaior ABe OcHOBHbIe (bopMpl: 
C BHEIIHHM MarHHToM Hc BHYTPHPaMO¥HbIM MarHuTom. Bropaa dopa 
NPUMeHAeTCH B TeX cy4anx, Kora TpeOyeTca BbinowHeHHe KOHCTPyk- 
Uv BECbMa MaJbIX raO6aputTos., TaxKue yCIOBHA NpeAbABAMIOTCA K 
KOHCTPyKUMAM pada THNOB pene. | | 

Ha qcurype 20,1 HpHBeyeHa opMa cHcTembI pene o6bIGHOrO Hc- 
NOJIHCHHS, 3€HMCTBOBaHHAaN 43 H3MECPHTeJIbHOH TeXHHKH. 

Ha cur. 20,2 noxasano HCHOJIHEHHe CHCTeMbI, jlaromlee Ay 4ee 
PeileHHe B OTHOWeHHH KOMMAaKTHOCTH yCTpolicTBa, 
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Ha our. 20,3 mpHBeweHO uctiojlHeHve pesie c BHYTpHpaMOdHBIM 
MarHHTOM. 

IIpeyctapiaeT HHTEPeC ripHMeHaeMad B HacTOAIIce BpeMA B H3Me- 
puTeAbHOM TeXHHKEe KOHCTPpyKUHA CHCTEMBI C flOMBH2KHBIM MarHATOM 
pecbMa Masioro Beca (nopaAKa 1f). Karyuika CHCTeMBI HenOBHKHAa 
Hw MOKeT HMeTb YBeCJMUCHHBIC padapuTbl. lo6aBouHblit nocTOAHHbIA 
MarHHT, PaCIiOJOKeHHBIM NOR Ka- 
TYWIKOH, 3aMeHAeT ClMpaJIbHble MO- 
MeHTHbIe TIpy2KHHKH. 

OcHoBHble COOTHOWeHHA AA 
pacuetTa. Pa6ounlit yroul paMKH & 
npHHuMaeTca HeOOJIbLIHM, NOpAyKa 





@ur. 20,3. Cuctema c BHYTpHpa- ®ur. 20, 4. HMogzpmKknaa 
MOWHBIM MarHHTOM. cucTema pee. 


510° of HeliTpasbHOrO MOMOKEHHA. Tlomocbh! MarHHTa BbINOJIHALOTCH 
Tak, aToObl Mowe MarHuta 6pio0 paBHOMepHbIM B Mpeetax paOouHx 
yr0B MOBOpOTa PaMKH. Cua Ha pamke 


Q = 1,02 - 10'Bilnw TP, (20-1) 


60 
rie B——3— HHAYKUUA padouem 3a30pe; 
j—TOK B paMke, W— ¥HCO BATKOB pamMKH, 
I, — pa6ouad AHA MpOBOJOKH pamku B cm (ur. 20, 4). 
MomeHT 
M = 2+ 1,02 - 104 Bil,wk, (20-2) 
WJI 
; M = Ri, (20-3) 


7. €. MOMeHT T1pomopilHoHaeH TOKY B paMke. 

IIpu nvTanHv KaTyluku BbITIpPAMJICHHbIM TOKOM paciet TIpOBOAUTCA 
lo cpewHemMy 3HayeHHIO TOKa. Cycrema peste cHaOnKaeTcr O6bINHO ABYMA 
CHUpaJIbHbIMH MOMeHTHBIMH npyxkHHaMi, LeHcTByiOWlMMA pyr MpoTHB 
wpyra W ycTavaBsMBarolldml paMky B HeHTpaJibHoe nowoKeHve. 


M = 2ja, 
278 


Sanit 
anitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


rye { —2KecTK iF 
ye f OCTb IIpyKHH Bad > * ~~ padouwwh yron nosopora pam- 
KH B payvaHax, 

Pa6oqHe MOMeHTHI B MarHHTOSJICKTPHYeCKHX pele OTHOCHTeNbHO 
HeBeNMKH. Tlostomy mp BAHCIeHHH 3HaueHUA ToKA cpaOaTniBanna 
pee YIAThIBaCTCA MOMeCHT TpeHHA Ming (cM. raiapy 24), 

Tok cpa6atTbiBanua 

$i 2ja+ Mmp 
aa ey (20-4) 


Bpema cpa6atpwanna pese 


' sees Bpema, ¢, cpaOaTbiBanHa pene onpeyenferca B OCHOBHOM 
PEMCHEM ABH2KeHHA pamKu ta. Bpemeneo tf, npeHeOperair, yuHTbi- 
Bai MaO€ 3HaYeHHe NOCTOAHHOM BpeMeHH paMKH. Iipu cocrapnennu 
AudpepenwvatbHoro ypaBHeHHA ABYKeHHA HeOOXONHMO y4HTbIBaTb 
ACHOMHUTEIbHBIE TEMIPUPyionMe MOMEHTHI, BOSHUKAIOUHe Ha pamKe 
B mipowecce ee ABHKeHHA. 
1) ipa aBwaxeHHu pamKu B ee O6moTKe HHAYKTHpyetca 9. 7. Cc. 
dp : ea 
ea = ety ell : = — ) 
) dl W; ta r? 
rye ®, —norok, npouusbipaomnis paMky, 7 — 9eKTpHyeckoe conpo- 
THBJICHHE paMKH. CorjacHo dburype 20,4 


®, = 2BRI, sina Bedep. 
Saecb R u l, B canTumertpax, 


YuHTHBad, YTO IPH Maw 
, bIX yrlax Sina ~a, nonyaaem Bennuny 
Aemnupyromero TOKa paMKu: | / / 


, 2 BR pw a’ j | 
ig = — ya’, (20-5) 


Alemndupyroumuii MoMeHT, cornacHo BbIparKeHHio (20-3): 
Mo = kk,a’. (20-6) 


2) B antomuHvesom KapKace pamKH HHAYKTHpyloTca 9. J. c.: mep- 
Ban, ONPeWeAeMad H3MeHCHHeEM TOKa B OOMOTKe paMKH _ 


di 
en = — M it? 
BTOpad, Olpexeneman JBHKeHHEM KapKaca B Ma@rHHTHOM noe 
add 
Cxg = — —P 
me dt ° 


3SHayenne €x, OTHOCHTCAbHO HeEBeJINKO H HM npeneOperaior, Hemncpu- 
Pyiomuli MoMeHT Kapkaca ONpeAeAeTCH B OCHOBHOM 9. J. c, Cxg. 


> _ Ke —2 BRly a’ ’ 
Ly = re = a era koa : (20-7) 
k , 
Mon = = kya’, (20-8) 
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[ludepenuvambHoe ypaBHeHve ABHKeHHA PaMKH 


Jat + (te, +2 by) of + 2fa = ki — Many (20-9) 


KOnCTpyKTHBHbIe BONpOCcb! 


1) Tocmoannowt maenum BbInOAHAeTCH BS BbICOKOKOSPUHTHBHOrO 
criapa — MarHHKo, aubHuKo. Mugyxuna 8 B pa6ouem 3a30pe NpH- 


HHMaeTCA NOpAAKAa (0,2 — 0,3) - 10-4. 


2) Pamxu, TipuMenaetcA MeqHad NpOoBOnOKa © SMaJIeBOH H30JA- 
uneli, muameTp npopoga — 0,02 — 0,03 um. Kapkac paMKi — aJIIOMH- 
| HHH} 46TOmmUHOH «69,2 — 

0,3 uM. 

TIpu Bpi6ope TOMMMHEI 
namoTKH A (pur. 20, 4) 
HeOOXOMHMO Yy4HTbIBaTb 
cyielyrollee: MpH yBeJH- 
YeCHHH ft MODKHO MOBbICHTb 
uHCIO BHTKOB PpaMKH. 
IIlpu 3TOM, OMHaKO, yBe- 
jiMuHBaeTCH BeC paMK#, 
a CJIEMOBaTeJIbHO, MOMCHT 
TpeHua, YyBeJHYHBaeTCA 
ga30p 5, YTO B CBOIO OYepeb MPHBOAHT K YMCHBINCHHIO vuHaAyKunH B. 

Heo6xofHMO MpOBOAHTb HECKOAbKO BapHaHToB pacdeTa C HeJIbIO 
MONYYEHHA ONTHMaAbHOrO PeleHHA. Bec pamMKH oOObidHO ObIBaeT T10- 
pagka 1, pasMep a NpHHumaetca US KOHCTp YKTHBHbIX coo6paxkennit 
TaK, UTOOb] He HMewIO MeCTO 3aTHpaHHe PaMKH. 

3) Onopdt BbINOMHAIOTCA B BHAC KePHOB. TlocneqHve KpenaTcaA B 
6yKce, KOTOpad NpWkKJIeHBaeTCH K PaMKe. O6pi4HO KepHbl KpenaATcA 
cHapyxu pamKu (ur. 20, 5a), HO B HEKOTOpbIX Cy4aAx Mia YMCHb- 
UIeHHA pa3MepoOB KOHCTpyKIMH NpHMeHsIOT KpenwieHve KepHa BHYTp# 
pamku (pur. 20, 58). 

4) Konmaxmot pene BbInOJHAIOTCA H3 NaTHHbI HTH TaTHHBI-Hp- | 
puaua. 





@ur. 20, 5. Kpennenne kepua: 
a — cHapyH paMKH} b — BHYTPH paMKu. 


20-2. IIJEKTPOMMHAMHUYECKHE PEJIE 


B 9neKTpOAHHAMHMYeCKUX peJie MOMEHT Ha NONBHKHOH paMKe onpe=: 
JIe@MAeTCA B3AHMOJeHCTBHEM MOJA HENOABHXKHOTO 9JIeEKTPOMAarHHTa C 
TOKOM B PpaMKe. 

DnekTpOAHHaMHYeCKHe CHCTEMBI IPHMeHANHCh panee AA nocTpoe- 
HHA pevie HaNpaBJIeHHA MOULHOCTH, JMCTAHUMOHHbIX HW APyrHAx. OgHako 
BBHAY HeMOCTaTOUHOH HaexKHOCTH NOJBH2KHOH paMKH H OTHOCHTEJIbHO 
6obuloro BpeMeHH cpabaTbIBAaHHA 3TH pede HCHONHAIOTCA celHyac 
€ HCNOb30BaHHeM JpyrHX MpHHUWNOB AeHCTBHA. 
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B wacrosmee spema SJEKTPORHHAMH4CCKHE CHCTeEMBI HMEIOT BechMa 
OPPaHHYCHHOe MPHMCHEHHE: H3BECTHI TOKO HCHOMHEHUA CHCTeM aaa 
HOCTPOCHHA ABTOMATHYeCKHX peryAATOPOB NOcTOAHHOTO ToKa, 


®opma mMarHuTHbIx cucTeM 


B yctapespix KOHCTPYKUHAX SJeKTPOAMHAaMHYeCKHX pesie npume- 
HANaCb (OpMa, 3aMMCTBOBaHHaA 43 H3Me€pHTebHOH TeXHHKH —c 
Bpalijatouehca pamMKoi. Bowiee COBEPIeHHbIMH ABJISIOTCH KOHCTp yK- 
MMH C NOCTYNaTeJbHbIM BH KeHHeM pamMkKH (pur. 20,6). Ha ury- 
pe 20,7 npuBegzexo HCIOJIHeHHE CH- 
CTeMBI Jif aBTOMATHYeCKHX pery- 
JATOPOB MONIHOCTH. 

Pamka nepememaetca B none @ | 
KaTYUKH, paCnowoxwKeHHOH Ha He- 
NOABHXKHOM CepfeyHHke. B sazope 
MCKAY KOJbUOM HeENOABHKHOrO Mar- 
HHTOMpOBOAa H CepeyHHKOM uMeerT 
MECTO PaBHOMepHoe Nove c HHAYK- 
Hei B, npuyem 


| B= cu, (20-10) 
Pa6ounli MomeuTt na pamMke 
M=1,02 - 104Bi 2nR,wi Fem (20-11) 

ur. 20, 6. Onextpognnammyeckan 


IIpw pasenctse storo momMeHTa Mo- CHcTeMa, 

MeHTy Npykuun M, phar c pam- 

KOH ycTaHaBaMBaeTca B CPEAHEM NONOKCHHH MeXKAy KOHTaKTaMH. 
Sameusa Bp (20-11) snayenve B, 43 (20-10) noayyaen 


M = KUi. (20-2) 





iistun 

y YL4Ly . 4, 
“AY Ce ash AY, 
(NSS yy Yy | 
Q> LITT Hy 


@ur, 20, 7. Cucrema peryastopa momHocra: 
& — SCKH3; 6b ~ paspes no KOJIbUYy. 





LLL AS 





Takum o6pa30m, Moment Ha PaMKe NPOMOPUHOHaeH MOLHOCTH perys 
NKPyeMOH CHCTeMHI. 


Bi 
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PJIABA #1 


TEPMVMUECKHE PEVJIE 
21-1. KIIACCH®HKALHA 


TepMHYeCKHMH Ha3biBaloTCA pede, cpaGaTbipaioumve Mpa onpede- 
neHHoli TemnepaType HarpeBa H3MepHTeMbHOTO gmemeHTa peje. Ha- 
rpes 9TOrO SJIeMeHTa MOET 6bITh OCyMecTBIeH ABOAKO: 1) TeMJIOM, 
pa3BUBaeMbIM MPOTeKaiOlliM TOKOM (B caMOM 9JIeMeHTe HJIH B OKPY- 
KalouleM ero HarpeBaTe/IbHOM ycTpolictse), 2) TelJIoM okpyKarolert 
cpenbl. Pagnuuaior nostomy Ape rpyinbl TepMHYeCKHX peuie. 

1) Tensospte, paG6otaioujve B PyHKUHH TOKa- TOKOBbIe pele WIA 
3allMThl pH Meperpy3kax H TOKaX KOPOTKOTO 3aMbIKaHHA, TYCKOBbIe 
pele B (yYHKUHH TOKa, pee BpeMcHH. 

Pa3HyaloT HenocpeACTBEHHO TeMMJIOBbIE pee TepMoOpacllenuTeJH. 
Tenjopnle pese cHaOmKaloTcd KOHTAKTaMu HeGONbIUOH paspbIBHOK MOLI- 
HocTH. TepMopaciienuTein ABJAIOTCA “aCTbIO BOS/YIIHbIX aBTOMATH- 
yecKHX BbIKUOUAaTeeH (yCTAHOBOUHBIX ABTOMATOB); BO BKJIOWeHHOM 
OJOXKCHHH 3TH BbIKNOVATeEH yepxKHBAaIOTCH pbiIvaxKHOH CHCTeMOH, 
ganepToH TepMopaciienuTeemM, lpi COOTBeTCTBYIOINeH AedopmMalluX 
6umerasiia pbuakHad cHcTeMa ocBoOowKAaeTCA OT 3allellvieHHA WH BbI- 
KJNOUaTeJb OTKNOUAeTCA. 

2) Tepmopesie Hd TepmocTaTbl, pa6oratomiue B PyHKUMH TeMMe- 
parypbl okpykaioule CpeAbl. Tepmopesie MCHO/IHAIOTCA Kak  pese 
MAKCHMaJIbHOrO AeHCTBHA, cpaOaTbipaiomiMe lmpH onpeevieHHOM Ma- 
KCHM@JIbHOll TemMlepatype, HH Kak peryIATOPHl, KOHTpoOJIMp yrorHe 
TemiepatTypy olpeye.IeHHOro ycTpolicraa — 9IeKTpHyecKOH newH, o0- 
MOTKH SJIeEKTpOABUratedA, H ApyrHx. Kaxkaniii repMocraT cHaOKaeTca 
peryJIMpOBOYHBIM YCTPOHCTBOM AVIA HACTpOHKU Ha OpeseseHH yo TEM- 
nepatypy cpadaTblpaHHa. 

B KauecTBe OCHOBHOrO 4yBCTBATe/IbHOrO K TemlepaType aJIeMeHTa 
ipHMensioT: 1) serkonaBkKHe CIAaBbl, 9) Tena c H38MeHHIOMeHCH 
MATHHTHOM MpOHHiaemocTbio; 3) HcnapsIoulMecd HIN paciliv pAIOUeCcHA 
KHAKOCTH; 4) Tesla C HSMCHSIOUIAMCA SJIEKTPHYeCKHM COMPOTHBJICHKEM ; 
5) TBepAbie Tesla C pa3JIM4HbIMH KoappHIMeHTaMH JIMHeEMHOTO pacilH- 
penusa; 6) TepMOOHMeTAJIIBI. Han6oupilee pacnpocTpaHeHie NOyaHia 
TepMopeule C IIpHMeHeHHeM SJIEMCHTOB B Bue TBePAbIX Tel C pa3- 
NWuHBIMH KOSPHUHeEHTAMH JIMHEMHOTO pacuiMpeHAA H ¢C NpHMeHeHHeM 
6umetasmos. Hue paccMaTpHBaloTcA BONPOCb! IIpOeKTHpOBaHHa H 
pacueTa TaKHX pede. 


21-2, TEPMOBHMETAJIJI HW ETO MAPAMETPbi 


BumerasiaMH Ha3bIBaioT JI€HTbI HJIH MOJIOCbI, COCTOALIME W3 OT- 
@/IbHBIX CBapeHHbIX HJIH CIAAHHBIX BMeCTS nogioc MeTasios. B Ma- 
LIMHOCTpOeHHH MpHMeHAIOT ABa BUA 6uMeTasa: 

1) aumuKopposuunoll, COCTOAMLHH H3 CTANbHbIX NOUOC C HaJlOxKeH: 
HRIMH TIO O6€ CTOPOHH! NowocaMH H3 aHTHKOppO3HHHOrTO MeTAaJWNa: 
Meu, JaTyHH H ApyrHx; 
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2) mepmo6bumemaaa, COCTOAIMHH H3 QBYX Me€TAJINOB-KOMNOHeHTOB 
C pasHbIMH KoadxpuHuveHTamn wHHefHOrO paclunpeHHua. 

B tepMopesie nmpyMeuserca tonpKo TePMOOMMeTAaI, KOTOpbIi B 
AaIbHeHIWIeM WIA COKpalleHva Ha3biBaem OuMmetadiom. Tlogpo6upie 
AaHHble O COCTaBe KOMMOHEHTOB H TeXHOJOPHH W3rOTOBNeHUA 6buMe- 
Talia H3OKEHBI B JHTepatype. Huxke mpuBo_ATCA TOMbKO OCHOB- 
Hbile, HeEOOXOAMMBIe JA pacueta RaHHBle. 

Mapku 6umetanaa. Hausa TIPOMBILIJICHHOCTh H3roToBuIAeT 6uMe- 
TANAMYECKHE TMOJIOChI H JICHTbI pa3HbIX COPTOB, MaPOK, OTJIHYalolmuxcA 
MeT@JIIOM HJIM CIIaBOM aKTHBHOFO MW MaccuBHoro KomnoHeHTa. Hexo- 
TOpbIe TEXHHYECKHE MaHHbIe PasHbIX MapoK mnpHBegenn! B TOCT 
0198—50 (cm. 1a61.28) 4 B TexHuyecKHX ycnopuax LIMTY (cm. Ta6n. 29). 
Yxkasanupie B TOCT yanunie o KOs@PuUMeHTe YYBCTBHTebHOcTH M 
YUHTBIBAIOT Pa3SHOCTh KoOSdpuLHeEHTOB sHHeliHOrO PacluHpeHHA KoOM- 
NOHEHTOB M = a, — ay. 

Tabsuya 28 
HlawHbie TepMo6umetaana (v3 FOCT 5198—50) 


Temnepatypa Harpesa 


Koaou- 


UHeRT "VBCT- Y RedbHoe Temnepary pubii | 6uMerasa cooTBercrBeH., 
mesa COMPOTHB- | yHTepBadl NOCTOAH-,| BepxXHeMy IIpeyeny ynpy- 
Mapxa M HUE cTBa Kospuwweuta THX Jepopmanni, °C 
He Menee | p, om— | YYBCTBHTeZbHOCTH, 
oC—1 . 198 . M _ Np Harpese | np Harpese 





€3 Harpy3Ku | c Harpy3KoH 


a ee Oe 

















TB1 21 0,58—0,68 ~—-60-+ (190-210) 530-550 280-310 
TB2 18 0,56—-0,64 —50+- (320-340) 430-450 240-260 
TB3 20 =: | 0,75—0,83 —50-+(190+-210) 450-470 210-230 
TB4 12 0,14—0,20 | ~—60+-(190---21 0) 410430 280-300 
TB5 19 0,08—0,14 | —50+(180—21 0) 180—200 140-160 
TB6 19,5 0,14—0,20 | —50+(1 90-210) 230-250 120--140 
Tb7 18 0,14—0,18 | —50+(21 0-230) 290-—310 160-—-170 
Tabauya 29 
Pa3smepms TepMoOuMeTaANM4eCKHX NONCC H AeHT 
(lO TexHHYecKHM ycnosuam LIMTY 1900—44) 
Pasmepbl B wa 
Hotryck Honyck Jlonyck 
Tosmuya | orknonennit [Iupuua | orknonenufit | Jima -OTKJIOHEHHE 
oO TOwm:LHHe nO wMpHHe nO JWIHHe 
ae eek tdr 
Monocni| 0,6—1,0 +0,04 10-120 +0,5 300—1000 +10 
1,0—1,5 +0,05 
JleuThl 0,2—0,5 0,03 10-120 +0,5 500—2000 +10 


Bpi6op coorsetcrsyioneli MapKH OMpeesmeTca mpeaebHbIM 3Ha- 
weHHeM paOouel Temmeparypsi, TpeOyeMoH 4yBCTBHTeJIbHOCTbIO, BJIMA- 
loleH Ha BeMYMHy jedopmauuy, INEKTPHYCCKHM COMPOTHBJIeHHeEM H 
YCTOHYHBOCTbIO NPOTHB KOpposuy. 
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Mapametpp. [lomumo yka3aHHblXx B ra6uune 28, HeO6OXOMMMO HMETb 
JaHHble O HEKOTOPbIX APyrux NapameTpax. 
1) Modyao ynpyroctu E Kone6nerca B Mpegenax (12,5+ 16)xX 


cr 
<10°-—;. B cpequeM, AA Hav6onee XOMKHX OuMeTAaJJIOB MpHHHMaloT 
MM 


ene tee 
MM 


2) Temnepamypnout KosPPHUHEHT NO conpoTupsennio: oT 0,03 20 
0,7% Ha 1°. 

3) Braympennue HanpAdceHua. Pene 2OJDKHO ObITb HCMONHEHO TAK, 
yTOOb! BHYTPeHHHe HallpsAxKeHHA, BOSHMKAIOUIHE B OuMeTase, He npe- 
BOCXOHM MpellesoB yMpyrocTH KOMIIOHEHTOB, Np 9TOM JOJDKeH 
ObITb BBeeH KOS@buUveHT GesonacHocTH. SHayenne Q — paBHomep- 
HO AKCHAJIbHOM CHJIbI B KaXOM KOMNOHEHTe: CKATHA B TlepBOM, pac- 
TSDKEHUA BO BTOPOM, ONpesesaeTcA MO yipoujeHHoH cbopmy.1e 


q = Flan 9, (21-1) 


rye A—TOMUHHA ONMeTAAa, B MM. 

4) Tepmuyeckaa ycmouxugocme. B remmopyix pese c Henocpel- 
CTBEHHBIM HarpesoM GuMeTaia MOryT BOSHHKHYTb IIpH KOPOTKOM 32- 
MBIKaHHH B 3allnijaeMoH AHHHH SHAUHTeJIbHBIC TemnepaTypbl, TIpHBO- 
qauime K paciviaBsenuio OuMeTasa HK uacTHIHOMy ero BbITOpaHHio 
B MeCcTaX HaHOOJIbIWeH MJIOTHOCTH TOK4. KomuyectTso BbiqeaemMoro B 
6umetaslie Tella 3aBHCHT OT BeJIMYHHI TOKA K. 3. ix, JAMTCJIbHOCTH 
te HW COMNpOTHBJeHHA 7 ONMETAIA. 

Cpennee sHaueHve (ix), OMpemenAcTcH u3. dopMy Jbl 


ae . 
(ida = Vy: \ i? dt. (21-2 
0 


Jina pacueTos NombsyloTcA TaHHbIMu OMyCTHMOM MJIOTHOCTH TOKAa Wis 
KaxkKHOH MapKH OuMeTaa 





tiwep,, 2 19). 
In = bh MM (21 3 


; a 
10000 gn (ine) 


TIpu 3T0M jx AOJKHO OBIT! 
MeHbIUe fn NJIOTHOCT: 
ToKa, pH KOTOpOH Hayy 





1000 
HaeTca IWlaBleHHe Me 
Taga: 
10 . Mm 1,5--2. 
10 100 1000 In 
Our. 21, 1. Sasucumocts j,, =f (¢). Ha curype 21,1 npr 


BeweHa TpHMepHad 3aBr 
cumocTb jn = f(tx), KOTOpylo CleayeT CTPOUTb Aid Pa3sHbIX MapOK. 
Heo6xONHMO YUHTBIBATh MeCTHbIC yBeJHYCHHA IIMOTHOCTH = TOKé 
onpemeinemble HepaBHOMePHBIM pacnpefevieHHem JIMHMM TOKAa B A3OTH! 
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TOH MacTunKe (pur. 21,2). Ymeupmenue BeJIMYHHbI MeCTHBIX Tepe- 
rpeBoB AocTuraetca yBenMuenHem paguyca R,. Hue IIpHBOAATCA 
(OUBITHBIC JaHHble, NOKa3bIBalonve BIHAHHe SHayeHUA R Ha KPaTHOCTL 
fn yBeHUeHHA TeMMepaTypbl B MeCcTe 


nepexoya | | f 
Ril 2 5 - | 
n 2 1,5 1,2° 

Takum o6pa3om, mpu Harpebe nwacTuH- > 

KH TOKOM KOPOTKOrTO 3aMbBIKaHHa 


ho %,, HanpumMep zo 800°, TemMllepatypa 
R Bar nepexona Nowy 4aercn pH ar. 21, 2. Pacnpenenenve nunnt 
= Z2MM, xn, = 1200°, TOKOB B H30rHYTOM MpoBoszHHKe. 





21-3. HE®OPMALWHH BHMETAJJIA 


Pe ea OCHOBHBIX ypaBHeHHH JA onpeqenenua nepopMallHy tep- 
MMCTaJla Maw mpodeccopom TumomeuKo. Huxe NpHBOAATCA oc- 

HOBHbI€ COOTHOIIeHHA WIA pacuerta. 

- oe naacmunka. IIpu warpese MpAMOM [acTHHKH (c Tem- 
PaTypOu Uy) Jo Temnepaty pi $, NacTHHKa u3rHubaeTca (pur. 21, 3a), 


@ ., @ @, 4 Oar 
9, eto 4 ad! %, . y 9 
“> of! =, ‘200 & 


@ur. 21, 3. Ucnonnesua OMMeTaHYeCKHX aleMeHTOB. 


ECld YYHTHIBaTb ONpeneneHHoe NpHBeweHHOe 3HayeHve MOAyIA yupy- 
rocTH £, TO KpHBH3Ha naacTHHKH 


ca 1 6M = highs 


R= Gi, Fh % oo 


Ae i — KOSPPHUMEHT TyBCTBHTeAbHOCTH OuMeTama: h 

> H h ae TOJI- 
HHa KOMNOHeHTOB, O6pldHO BBITION Shay erin ae 
Sia HAIOT OuMeTad: hy = hy =0,5A: 
oe pe 1,oM —. (21-6) 


InacTHHka wsru6aeTcaA He TOAbKO TO AME, HO H NO wupuHe. ITpu 
ear mai NO WinpHHe He yuNTbIBaloT, 

6000dnaA wauba. IIpu Harpese yecbo i 
| PMHpyeTcH BCA wal6 
PHBH3HOH C (cM. BbIpaxKeHve 21-6). ee = 

Aockan nAacmunKka sakpenaeHa @ oOONO 

M KOHYe. Jledhopm 

Ona MIaCTHHKH (pur. 21, 3 6). i rn 


{1 
f =0,75M = (21-7) 
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Teaukoudaronan npyacuna (BHHTOBaA WuHHApHuecKad, ur. 21,3c) 
} pana, (21-8) 





A 
rye wW— 4HCAO BHTKOB MPy2KHHbl. 
Cnupano (pur. 21, 3d) 


o= 1,5-M 9 payHan, (21-9) 
rye /— Wuna cnupadH. 
91-4. MEXAHHYECKHE CWUJIbl, PA3BHBAEMbIE BHMETAJIJIOM 


Crobonnnili KOHet, OuMeTasM4eCKOK TIpy2KHHbI — TJIOCKOH HJM 
cnupambHou, WedopMupyeTca Mp HarpeBe- BCJIEHCTBHE BOSHHKAaIOWNINX 
B pyXHHe BHYTPeHHHX HanpAKe- 


nui, BerwawnHa fedopMalluA u3Me- fA 4 9 
HAeTCA B TOM CJIydae, eCJIH KOHEIL a : 
npyKMHbI He MoxkeT nepeMelaTbcA es x epee 
cBOOOAHO, 42 JOUDKeH NMpeososeBaTb TT In 


jelicTBHe BHeWIHHX MeXaHHyecKHxX Qr 


ep reo OCS 
| Qn | eae 
e 
© ho 


“hy 


}Qr 
@ur. 21,5. K ompeseseHuio CH 
ur. 21, 4. Hebopmaunun Oumerasn- Ha [WlacTHHKe: 
YeCKOH TNWiaCTHHKH- a — uso6paxeune B imate CIVvlommHnok 
a — cBo6ogHo; b — noznepTon. naacTHHKH; b — C BbIpesoM. 


cnn. Ja onpefsesieHHA CHI, pa3BHBaeMbIx 6uMeTaJIIOM, CHcTeMa pac- 
cMaTpuBaeTcaA TaK, Kak B CdJyuae TIPWJIOKeHHA CHAI, vsrnOaiomy X 
MIpyXHHy Ha BewHYHHY necpopmaunn (f, 9); COOTBeETCTBYIOWeH TeMme- 
patype t= d_+-Vo. PaccMOTpHM OTJe/IbHbIe BUAbI NpyKHH. 
Tlaockan npywuna, 3akpemienHat B OJHOM KoHue (ur. 21,4). 


Cro6bonHad esopmMallna p 


cunma B Kone Qr = 0. 

Ecau upyxuHa nogmepta, TO OHa AaBHT Ha onopy cuol Qr. C He- 
KOTOPbIM TIpHOWKeHHeEM 3HayeHHe Qr onpexenaioT 3 yCJIOBHA H3- 
ru6a KOHCOMbHOH OanKH Ha BeJIMNHHY f: 


Qr = ef (21-10) 
Hs (21-7) a (21-10) 
EJM 


Qr — 2,20 —7 3. 
B cnyyae ciOUIHOH mlacTHHKH J = (pur. 21,54), 
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Tora . 
3 bh? 
Qr = 76 ME —- 8. (21-11) 
B cayyae U-o6pasnof naactunkn J = in (12-12) 
3 bh? 
Qr = 3 ME ~- . (21-13) 
Belem nouaTHe — xKecTKOCTb nacTHHKH To Temnepatype: 
—- Qr 
, 1, e° (21-14) 
Aaa cnaounok naacruuKku 
_ 3 bn (T 
in = 7eMeE"* (5), (21-15) 
Aaa V-o6pasuoit 
Foun 8G bh? [Tr 
IT = “ ME ~- (F) ° (21-16). 


Cupane. YpaBuenne MexaHnyeckoro MOMEHTA, PaSBHBaeMoro cnH- 
PaJbHOW NpyXHHOH Mp yrne 3akpyqHBaHHA o: 


EJ E bh’ 


Hedhopmayua cnupaau mpH Harpese 


f 
9=15oM—9. (21-18) 
His (21-17) wu (21-18) 
Mr = = bh® MES, (21-19) 
M 
fr = >= 5 bh2ME. (21-20) 


Hpumepot. Tlorysenusimu cooraowennamn MOb3YIOTCA B NPaKTHYeCKH BCTDe- 
TalOUlHXCA CjlygaAXx, Korga 6uMeTansmHuecKkaR Npy2xXHHa MPH CBOeM nNepeme ‘ 
AOWKHA MpeOfONeBaTb MeXAaHHYeCKHe CHJIbL HAH Prana 
CO3aBaTb HX B KOHTAKTHOH cucTeme. 

1) Onpenenutb yapnenne na KOHTaKTe do 
(pur. 21,5). Bumerana narpesaerca 0 Temmlepa- Ln g 9, 

TYPbl Mx, COOTBeTCTBeEHHO aTomy CBOOOAHAA R 4 : 
Rebopmalna jlomua 6bITS f. Kontakt pacnonoxKen ed 
Ha paccTOAHHH /; OT HayanbHOoro nono KeHHA npy- we 
KHHBI MPH %. Jina neopmannn f, Heo6Oxogum a 
Harpes dy: Qr 
A 
Sa acces eee a ts 
1% =A Sue sis 


Qp = Ir (de — 3). 


2) Crupanbuas npyxuua (pur. 2] 6). Hayanp- ur. 21,6. Bumeraaa 
HIE yCIOBHA: 9); oo, == 0. i in io. : gai HuecKkax 
TYpbl de, esoGoniteih Kon — oy. peB AO Temnepa CHHDaJib. 

Mp = jp (Sx —9); 9, = 9, ts re 

Tin @e— toi 1s wre grt One. 
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21-5. BOMNPOCH NMPOEKTHPOBAHHSA TEMJIOBLIX PEJIE 


Texunueckwe ycaosua. CpadaTpiBanve TelmoBoro pee OJDKHO 
SIPOHCXOLHTb Mp ONpeACCHHBIX 3HATeCHHAX TOKOB H BpemeHH cpaba- 
TEIBAaHHA. [pu npoeKTHpOBaHHH peste PasMIaIOT 3HAeHHA TOKOB | ee 
HOMHHasibHoe, | — TOK Teperpy3K#. 

Brefem nonaTHe o KoxppHnHeHTe Meperpy3KkH, NpeACTaBsAIOWeM | 
co6oli KpaTHOCTh TOKa Neperpy3KH K HOMHMHAJIBHOMY. 

po = 7 — MHHMaJIbHOe gHaueHHe KPaTHOCTH TOK&a, MpH KOTOPOM 
nomkHO nipowsoiirn cpaOaTEiBaHHe peste, OOblMHO NpHHMMAIOT Py = 
— 1,2-+-1,25. [pu spi6ope MeHbUIMX 3HayeHHH Po Tpe6yetca Tila- 
TeNkHat MOMroHKa BceX YacTeH pesle H HamH4Me TeMMepaTypHOM KOM- 
nencauunH. Bpema ft, np KpaTHOCTH Pp OObIuHO He WMMUTHpyetcA. Bax- 
HIM ABUIAeTCA YCTaHOBeHHe BpeMeHH f, MpH KpaTHOCTH P— Pos 
puyem BbiGop 3HaveHHsa p olpereeTcA YCAOBHAMH pa6oTbl pee. 
Tak, JA 3aljHTH QJIEKTPOABHTaTesieH MaJIOH H cpeqHeH MOULHOCTH, 
XAPAaKTepH3YIOWAXCA TAXKEJIbIMA YCJIOBHAMH nycka — 3HauHTeJIbHad 
KPaTHOCTb MyCKOBOrO TOKA, MpOMOMKUTeADHBIM TMYCKOBOH pexKHM, 
TpeOyeTcaA BpeMaA t=1-+-5cexyua npu p=8. 

Jina 3auvtTbl CHOBbIX Weneli yCTaHOBOK, XapaKkTePH3yIowlXxca 
He3HAYHTebHOM KpaTHOCTbIO TyCKOBOrO TOKa, KPaTKOBPeMCHHBIM 
I1yCKOBbIM Pe2KHMOM, KOHTPOJIbHOM TOUKOM XapakTepHCTHKH MpHHH- 
Maiot p= 2,5; ¢, = (38-20) ceKyHA. © 

[pu npoektTupoBpaHHu peste AA MOABHXKHBIX YyCTAHOBOK Heo6xo- 
AMMO YUUTLIBATb YCIOBHA BHOpO- 4 ynapoctoikoctu. [pu BnOpanun 
WH TpAcke yCTaHOBOK NOABJAIOTCH KoneO6aHHaA HeOOJbION aMNJHTY Abi 
onpefeseHHOh YacTOTEl, HaNpHMep aMIVIMTY Apl lum, f= 45 ey. [pu 
HaH4HH BHOpalMe MH yHapoB B yCTaHOBKe MOryT HMe€Tb Cjlyda He- 
MpOH3BO/IbHOrO CpaOaTbIBaHHA pede. 

KoucTpyKTHBHble Bonpochl. B mpakTuke MpHMeHAeTCA TPH cno- 
co6a Harpepa GumeTajuia: TIp#Mon H KOCBeHHbIM, B peKHX HCNOJHEe- 
HUAX — KOMOMHHpOBaHHDI. Bpi6op cnoco6a HarpeBa ompefenanetca, B 
OCHOBHOM, yCJIOBHAMH CO3QaHHA UIKaJibl TOKOB Pele. 

Heo6xoXHMo BCerfa BbINOJHATb pee C Gonbluoh rpazaunei cH 
TOKOB, YTOOb] HOMHHAJIbHbIM TOK pele Maso OTAMNANCHA OT HOMHHaJIb- 
Horo TOKa WBHraTein. Tak, B pease TPA B npeseiax TOKOB 7—52a 
npumMensetca 15 ucnonHeHHH. 

IIpu 1paAMOM HarpeBe MpHMeHAIOTCA U-o6pasnpie OnmMeTaJJH- 
ueckHe facTuHp. Bosbpwoe aco HCNOMHeEHHH NO TOKY cpa6arTuI- 
BAaHHA HOCTHraeTCH H3MeHeHHeM pasMepoB OXMETAJa NO WHPHHe by 
IH TOMMMHE A; B HEKOTOPBIX CJy4aixX NPHMeHAIOT MakeTbl u3 He- 
CKOAbKUX HactuH. Tipu OosbwHx 3Ha¥eHHAX HOMHHa/bHOrO TOK 
(1, > 50a) wyHTHpy!oT OHMeTAI STeKTPHYECKHM CONPOTHBJICHHEM. 

Cnoco6 npamoro mogorpesa uMeeT clefytoulne HEAOCTATKH: 1) He- 
OOXOMHMO HMeTb B MpOusBOACcTBe OosbIIOe YHCO IUTAMNOB AAA HS 
rOTOBJICHHA TlaCTHH pa3HbIX pa3MeposB; 2) MpH 3aMeHe B SKCMyaTa- 
UHH HCHOMHeHNA pee Aa Kakoro-H60 3HaueHHA I, Ha Apyroe He- 
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OOXOZHMO 3ameHHTE OuMeTanauueckus SJIEMEHT, TO cBA3aHO Cc O- 
NOMHATENBHOH HacTpofikolt. | 

IIpH KocBeuuom NOROrpese Oumerananueckag NacTHHKa no- 
AOPpeBaetca OT oTgenbHOrO HarpeBatesbHoro SIEMEHTAa, pacnoyoxKen- 
HOro HENOCpeACTBeHHO Hay HWaCTHHKOH. OHO H TO xKe HCHOJIHe@HHe 
pevé, © ONHHM pasmepom Oumetanana, MPHTORHO As Oonbuloro uNcya 
PCHOMHeHHH no ToKy, MEHACTCH TOKO HarpeBatenbuyblit semenr. 
Tak, pene HCNOIHeHHA Ha 25q MPHOQHO pH yctaHosBKe COOTBeT- 
CTBYIOWMX HarpeBaTesHHEIX SNEMCHTOB AIH CH TOKOB oT 0,5 go 
25a. TIpH samene HarpeBaTespubix 
SJIEMEHTOB He Tpe6yetca neperpa- 
AYHPoBKa pege, | 

‘Kouraktusie CHcTemMp. Vcnon- 
HCHHE KOHCTPyKUH ¢ Henocpey- 
CTBEHHBIM BO3,eHcTBHEM Oumetau- 
JHMYCCKOH MIacTHHKH Ha KOHTaKT- 
HytO UeMb H€palOHaJIbHO, Tak KaK 
KOHTAKTHA tlenb npH Harpepe way 
OXNaKTCHHH OuMetassna S3aMbIKaeTca 
HJIH Pa3MbIKaeTcaA BecbMa MeJJIeHHO, 
ITO MpHBOAUT k NOMTOpaHHio KoH- 





TaKTOB, : | 
Momeutuoe AeHCTBHE KOHT@KTOB gy, 21, 7. Ucnoanenua xontaxr- 
AOCTHTaeTCA AByMA cHocobamy: - HbIX CHCTeM, | 


1) Koner OuMeTaauyeckos nJla- 
CTHHKH CBA3aH ¢ NpblraiomeH mnpyxHHoL (pur. 21,7 a); 


pbMar pene, ocBo6ox jaa NOCNeNHHH MIpH Harpepe (pur. 21,7 5); 
TepMopacuenutTenax mang aBTOMATHYeCKHX BbIKMOYaTeNei pH 
Harpebe OumMeTasmyeckott NWaCTHHKH OcBOO6oxKRaeTCH Pbl¥ar sanen- 
AeHHA. Bosppat KOHTaKTHOH CHCTeMpBI B HCXOAHOe NOMOKeHHe ocy- 
WECTBIACTCA OT pyKH, yTO MPHHHM4eTCA 43 ycnoBuit SKCHIYyaTaunun 
yCTaHOBKH: He jonyckaetcg aBTOMaTHYeCKOe NOBTOpHOe BKJUOUeHHe 
pene wan BBIKNOWaTeIA, TaK KaK PasMbIKaHHe Wen mponcxogut p 
CAYYaax aBapuiypix PeKHMOB. 
Temneparyppt CpaOaTbiBanua Gumetaana TENJIOBBIX pete. B 6yme- 
TANAHYECKOH TvacTHHKe HETOCPeACTBEHHOTO Harpepa TemMlepatypa 
Pacnpezennetcs H€PaBHOMepHO — HaHGonbiaa Nowy4aeTca B cpenHel 


le AnH ¢, OT cepequatr. Bpi6op sHayenng ), CBA3aH Cc TpeOyemon 
‘ONHOCTEIO pa6oTh pene NpH kKone6anuax TeMNepaTypbl OKpyxaiouyely 
‘pen. 

YcTaHOBuM cBq3p MCKAY Temnepatypoii OuMeTadina u KPaTHOCTbIO 
leperpy3ku, B YCTaHOBUBUIeMCA pexume TeMMepaTypa Harpesa onpe- 
lCAETCH SNEKTPHUeECKUMH fotepamu /*r w rennoornayer; pS, 

O6o3Hauum: oo, Oy, 8. — Temnepatypn1 Okpy2kalomeH cpezbi, npu 
‘OMHHaJIbHOM Toke /,, pH neperpy3Kke / = Pol it» 


9 O.A Crynenp 289 


45100330001-4 
sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A0 
a 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Toraa rr ; a (b) 
2, = % + ay (a); 3a = ot LS | 
is (a) 1 (8) $.—% 2 (21-21) 
mete 





HIKe 
ur. 21,8. Pacnpememenne TemiepaTypbl B msactH 
oe lip HeTIocpeACTBEHHOM logor peBe. 


ja pene THNa 
ypbl oKpyKaloule Cpesbl. Ilo 3aBOJCKHM MaHHbIM Auta P 
; s 
TPT 3HayeHHA Py MOsyNaloTcs. 


npu d= 40° Po= 12 
$= 20° Po = 1,9. 


u 1 BHeLIHeH 
Tas yMeHbulleHHa BIIMAHHA KONeOAHHH eee 
ueH i 
cpefbl Ha BeJIHUKHY Po HAaAe MOBbILMATb een nee ga ass 
' PaccmoTpHM Jin TpHMepa jipa pele: = 
an = §, == 20° 
Bias ty a city §. = 40°; onpeseIHTb Por npu 3) = 20’. 
1) 90°; Do 1,2 MpH Uo ; 
ag Z ; ; Poi > * 


= 20 a Fee 
$40 pt’ 90-40 pg 


9) 150°; Po =! 2 np 9 = 40°; OnpemesHTb Por MPH Jy = 20°. 
’ aes 


2 
‘040 
150 — Do 
e- 
| oppie pene c y4 
B BbINOMHAeT TEN | 
BDeMA PAA 3aBoloO ae 
: saresact peli 6onee pallLHOHaJIbHO NpHHATb ¥, HOP 
tom 9, = 905 
eee ele yuHTb 
ui aeeetret nanexuocTu. ilpa pacdeTe posses ee 
paloT HeOOXOMMMOCTh NowyseHHA aaa as ee woe 
, wu 3afaH z ; : 
nqacTHHKH, f., OP caer 
Bae oeuien ripu ucnosHeHHH OuMeTassa C pasHor TepM 


] 
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noTpe6AeMoh MmouHocTu pee, YMeHbIUeHHe /,, CHHKaeT ycTouuH- 


BOCTbh H TOYHOCTh padoth pene. Jaa PeINeHHA 3aa4H BbIGopa Tpe- 
Oyemoro sHayeHna J» BBeeM noHsATHe oO KOSPPHUHeHTe HakexKHOCTH 71, 


BevIM4HHa KOTOPOrO onpenenaetca v3 YCOBHH padoThi peae. 

1) Touwxocme pabome pene. Bumetannuyeckaa naacrunka npu 
CBO€M TI€PeMeLeHHH ouKHA IPCOMONEBaTh NpOTHBOLecTByIOMHe 
MexXaHHyeckHe cHIbl Q,, 3HayeHHe KOTOpPbIX ONpeqeneTca cuaami 
TPCHHA WK eYCTBHEM NpyxKHH TepMopachienuTewa. 

Pa6ota mexanuama HAJIOCTPHPyeTCa AHarpaMMol, NpHBexeHHO Ha 
(purype 21,9a. Jlunuu B yg B, Xapaktepw3yor 3aKoH u3meHenna 





Mur. 21, 9, Twarpamma pa6ots! Gumerasa. 


CHJIbI, CO3aBaeMOH OvMeTaJJIOM, eC/IM MaCTHHKa He MOKET CBOOOZHO 
metopmupopateca. Yrant Haknona auHHH B ou B, XapakTepH3ylor 
TEPMHYECK IO 2KECTKOCTh f,, H Jr, Upyxuup. pu sannqun NPOTHBO- 


AelctTByromel cunt Q,, mepopmalua maacTHHKu HauuHaetca c TeM- 
nepatyppl >, wu $,,; nomnaa AeopMal\wa NacTHHKH npu Temnepa- 
Type cpaOaTbipanua $, nonyuaerca COOTBETCTBEHHO f. Ht fc. 

IIpu usrotopiennu pene MOryT HOJYYHTbCA SHAUMTebHbIe OTKI0- 
HeHHA AQ, OT pacueTHoro 3HaueHNa Q,- IIpH 93Tom mensiotcs 3nHa- 
WeHHA 9, 4 $41, a CreqoBaTebHO, fo H fey, ITO NPUBOLUT K H3MeHEHHIO 
TOKa CpaOaTbiBaHHa, 


M3 quarpammni (cur. 21, 9a) 


Ad = Se; Ad, = Af = 0,75M = A = 0,75M Aan, (21-22) 


Takum o6pa3om, npw ysBenuyenny KECTKOCTH fp YMCHbUIaeTCA pa3- 
Opoc Touek cpaOaTnBaHHaA pese, 
Kostpunnert wagexnocru 


m= ee, (21-23) 


rye Q,—yenosuoe 3Hauenne CHJIbl Ha KOHWe OMMeTata, np Ha- 
_ *‘MpeBe ero Jo Temnepatyppi $. uw 3auemmeHuH ero KOHia. 


Qo = Jpd. (21-24) 
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3 (21-23) 4 (21-24) 
jp =m, (21-25) 


/ HHMaloT Mm = 4-4-5. 
Ws venosui TounocTtu padoTh! pesie MpH 
5) Bu6pocmoiixocmo. Ilpu BuOpallHax H TPACKe BO3MOMKHBI se i 
OTXoOZa KOHTaKTHOrO pbldara OT KOHIAa 6uMeTaJJIM4eCcKOH sine 
(pur. 21,9c). [pu stom Q,, CTaHOBHTCA paBHbIM HyJio MW NwacTHe 
MOKeT HOMOHUTebHO TMepeMeCcTHTbCA Ha BeMYMHY fo, onpenense 
MylO H3 yCJIOBHA 


{? 96 


IIpn warpepe MlacTHHKH HOMHHAaJIbHBIM TOKOM eae nowy: 
YAeTCA COOTBETCTBEHHO 9, a MecopMallnx fa (par. 21,94). 
YcoBHeM BHOpOCTOHKOCTH pese ABAeTCH 


fo < fe =? fu 
PaccMoTpHM KpHTHYeCKHH cayuai 
fo = fe — fue | (21-27) 
Tak Kak fesbopMallun NpOnopuMoHaNbHb! TeMnepaTypaM, To u3 (21-27), 
9, a $, as $4 
HJIH 
Ch i aa 
IT 
YunTpIBan, ATO 
9. 2 
ore 
H 
nomwysaem 
Po Qn 
I 1 Fe 


m = | (21-28) 





; Qn 21-29 
fel eae ( ) 


3) Ydapocmotixocn. Hanuave ycKopeHHi TIpH — Lin ae aa 
Y 
K JOMONHHTeAbHOK epopMalluu Fis EG 2 gaa, 
yckxopeHna Q,. SHavenne Q, oTHeceM K BeNHYHHe Yq? Ny = %Xn: 
B waHHoM cJivuae 





(21-30) 
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21-6. BPEMS CPABATbIBAHHA TEMJIOBbIX PEJLE 


simeee tee TENJIOBbIX pele f, 3aBHCUT oT KpaTHOcTH 
H 3a2aHHOH MHHHMaNbHOH K 
ATHOCTH 
He HOpMupyetca. B tTeoperuue ; Ss ak 
t . CKHX pacueTax pa 
te C4lyuaH: NpH po Bpemsa f, 2 or) ailiagh eh. 
: : 
TeOpHH Harpesa OAHOPOAHOrO Tena H3BeCTHO COOTHOMIeHHe: 


senile 
$= 9,(1—e 1), (21-31) 


rae %—nepexoguoe syaueng 
: | € TemMnepatyph Harpes : 
"a — MaKcuMastbHoe SHayeHHe npu jae edie: 
~— NOCTOAHHaA BpeMeHH Harpes 2K} 
a 
Vis 2131) Pp B CeKyHjax, 
> 
f= TIn-~* 
+, aan § ® (21 -32) 





Onpezenum spemna ¢ 
e CpaOaTbIBaHyga 
neparype cpaOaTpipanna 9,. " Pen’, KOTOpoe saBHcHT oT TeM- 
aBHCHMOCTb 3 = $(/) 6e3 yueta 9, — 5 
(cM. BapaxKenne D121) y Bo OKpy«alomel TEMNepartyppl 


3 
M 
> =P". 


CoracHo npHHATHM Bue OnpeeseHHAM 





an 3, 2 
#, PN 9 = Pe 
CateqoBatenbHo, 
oy — 9,2. . | 
r — (21-33) 
Tloactapaaa p (21-32) sHauennve 9, u3 (21-33), nonygaem 
ae p? 
( siesta (21-34) 


SHayenne ¢ 

c—- BpeMA cpaOaTuBaHua 

rr ca p pee © XoNOAHOTO cocToAHHa 

ey a ee HarpeT TOKOM /, jo Temnepa 
a CMA f- YMeHbWaeTcCA. Ypapne i ; 

AaHHOM CJly4ae HMeeT BHA : ce) ER nanan 


pee ao 
B=O,(l—e T)19.0 TF, (21-35) 
Pa3yenuB 93To BbIpaxkeHne Ha $,, Momyyaem | 


> $ ( t t 
c At ~~ ap ~~ TF 
a =_7\|l—e T) 4 r 
3, o 7€ 7 
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HAM 


a ae 
ot = pt(l—e r) 46 a 
Tlocne npopeseHia npecdpaso0BaHHit 
Tin (21-36) 


p? — po 
Econ OuMeTaIHuecKkan MacTHHKa owKHa MpeososeBaTbh NpH CBOeM 
nepemMelleHun MeXAaHHuecKHe MpOTHBOeEHCTBYIOMNE CHJIbl, TO BpeMaA 
ce xoMOHOrTO COCTOAHHA (21-34) HeCKOJIbKO yBeJIHUMBaeTCH. Bpema 
OXNaKICHHA fg OT TeEMNepaTyPpbl §. n0 9, OnpefeiaetcA H3 ypaB- 
HeHH 5 





t 
mel 
9, = B9e 9 3 
oTCcIOga 


tp = T In s¢ = T In po. (21-37) 


MocrosuHHas BpemMeHu HarpeBa TCHIOBbIX pene. Bpema cpadaTbl- 
panua f, onpeseiseTcA B OCHOBHOM NOCcTOAHHOM BpeMeHH HarpeBa 
6umetasna 7, 3HayeHHe KOTOpOrO 3aBKCHT OT pa3sHuHBIX CPakTOPOB: 

1) of pexuma padoTbl — 3HadeHHe T mMeHAeTCH MPH pasHblx 3Ha- 
YeHHAX KpaTHOCTH Neperpy3kKH P; 

2) of cnocoba HarpeBa 6umetTasia — NpAMOrO WIM KOCBeHHOPO. 

3) oT yCNOBHH TensJOoTAaun. sHaqeHne p Kop pHuvenTa TeINJIO- 
OTHauH MeHAeTCH C H3MCHEHHEM pacnosowKenva OumeTasdia HC H3- 
MeHeHHeM TeMMepaTypb!l HarpeBa. 

AnanutTuyeckoe ompefesieHve sHatenHsl T cBA3aHO CO 3HaudHTeJb- 
HEIMH TPYAHOCTAMH, HeOOXOJMMO nmpopecTH pad KCHEPUMCHTAJIbHbIx 
pa6oT Jin yCTaHOBJIeHHA B JaHHOM pesie 3aBHCHMOCTH T oT yka- 
3aHHBIx daktTopos. IIpuOmH“KeHHO aHaueHue J MOKHO OnpeseJMTb 
KAK OTHOUeHHe TeMIOCMKOCTH Teva K KONKYECTBY Tenia, OTAaBae- 
Moro BO BHelliHee MpOcTpaHCTBO. 

Bumetadsanuecka si nacTHHKa — HemocpeACTBeHHbIN Harpes. 

jenn 
LS 


‘3 em + CéK 
3recb: C— TeMJIOCMKOCTb Teda, ~F-sc” ‘ 


(21-38) 


ef 
u— KOsPPHHeEHT TeNMOOTAAIH Cesc = 


G, rpamm; S — NOBepXHOCTb OxXmaKIeHHA, CM. 
BumeTaaauyeckan WlacTHHKa — KOCBeHHbIM Harpes. IIpu Harpese 
naCTHHKH OT HarpeBaTesbHoro SuIeMeHTa 3HayeHue 7 yBesH4MBaeTCcA. 
Vuer u3menenia 7 Mpou3BoQuTcA C MOMOLIbIO Kosppuunenta 8, yaH- 
Thipalollero Tenmoorsayy OT HarpeBaTe.IbHOro 9yemMeHTa K OuMeTad- 
auueckoli naactuuKe. B gaHHoM cJlyuae 
cG 


= oS ceKYHA. (21-39) 
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Suavenne B <1 nH yBennunBaetca c npv6uKeHHeM HarpeBaTenbHOrO 
SJIe@MEHTa K OHMeTaJy. | 

{lis Kaxkoro HCNOJIHeHHA TennOBOrOo pene aH pacuennteaa 
CTPOHTCA 3aBHCHMOCTh f= ¢(p), KOTOpylO Ha3bIBalOT amnep-ceKyHI- 
HOH XapakTepHcTHKO“. 






JONG SAULUITINEIX 
XQPQK M@PUCTIUK 


Pa ee ke Se ite 


HiamHocrio 
MOKA Pp 


4 6 97 6 /0 


Pur. 21, 10. Amnep-cexyngunie XAaPakTePHCTHKH pevie, 


Ha durype 21,10 npupexenui AaMNe€p-CeKYHAHbIe XapakTepHcTHKH 
pene tunop TPA u TPB c HenocpeactBeHHEM Harpesom Oumertaaua 
Pesie TPA MpemHasHayeHO ANA 3allHTbI aNeKTPOABMrateviell; KOH- 
TPOMbDHOH TOYKOH Asin 3TOTO pevle aABsAeTCHA 
p=8. Pene TPB npeguasHayeno gna 3a- 
IMHTbl FEHepaTOPOB HW CHJOBbIX enelt; KOH- 
TPpOJIbHaA TOUKA AIA Hero p= 2,5, 


21-7. OCHOBHbIE COOTHOLWIEHHS 
AJA PACYETA TEMJIOBbBIX PEJIE 
HM PACUIENUTEJIER 





Hye MpHBOAATCA OCHOBH 
ble - 
rae Ba ee COOTHOUE- ur. 21, 11. Scku3 Oune- 
AJJIHYECKHX peJIe C MpAMbIM TaJWIMYeCKOH MVvIaCTHHKH. 
noxorperom (cur. 21, 11). | 
Hcxogupie cooTHOWweHHa. JlepopmManun cBoO6omHOro KoHUA 6uMe- 
TaNJIHYeCKOH MacTHHKH 


[2 
f- = 0,75M =z (8c — th), (21-7) 
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raze $.—TemlepatTypa cpaOaTbiBaHHa peule; 
9, — Temnepatypa HarpeBa Wid CO3aHHA Ha OuMeTasIe CHIBI Qs 
npeomoneparome eicTBHe BHELIHHX M€XaHHYeCKHX CHdl. 


enn (21-14.a) 
It 
KecTKOCTh NaCTHHKH Mo TemnepatType 
Jp == MEME. (21-16) 
Yuntpipan m—3HaueHHe KOS*pHUNeEHTa HajlesKHOCTH, HMEEM 
. Qn : 
lp =m. (21-25) 
DAeKTpHYeCKOe COMPOTHBeHHe OUMeTAJINA 
r=p a om; (9p —OM> MM) (21-40) 
1 
L=2+6,-+-A; (21-41) 
TlopepxHocTb OXJlaxKeHHA | 
S =2(b, + h)l, 107? Ke. cm. (21-42) 


Ycuopua TenwoBoro paBHoBecusA pH ToKe cpaOaTbiBaHHa. 


polar = pS9,3 (21-43) 
c yuetom (21-40) u (21-42): 


= Bim 
pale fe = Qu, (by + A)8, + 107% (u— 5s “) 





IipHHumas si 
| Pol, @ + 10? 
R, = a , (21-44) 
noJlyuaem 
d b,h(by +h) = ky. (21-45) 
Y UHTbIBAA 
t=Tin—, (21-34; T=, (21-38) 
p® — po e 
nowyyaem 
f = _cttebyA10 ene ae 3 
Qu(by + h)lglO > P* — Pa 
IipuHnmasa 
hy =H, (21-46) 
cy in 5 
pe, 
HMeeM oe 
Pre eee == (21-47 
by +h Ry. ( ) 
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Hs (21-16) a (21-25) 
3 





ITpHuumaa . = 
Bos 8mQn ) 
HMeeM eee oan 
bh? 
7 ie — ks. (21-49) 


M3 (21-7) ¢ yuetom (21-14a) y (21-25) umeem 
f. = 0,75M © (9, — Se), 


[ipHuumas ‘s 7 
hy = 0,75M9 (2=4) 
HMeeM a one 
fo = ky = ° (21-51) 


aires priaeges (Hcnoaneune pene cm. urypp 21,9 u 21 11) 
7 fn = ING, pp = 1,38; p=3: ¢ = | _— 
= KOHCTPYKTHBHbIM YCOBHaM ne OD} 0 or 
PHHHMaemM $, = 150°; 6umetann MapKu TB3; 
M=20-10-*; £15.19. 3 
; 15 - 108 —_ c= 0,420 ; 
Poo = 0,8 - 10-3 on . MM; P159 = 0,88 - 10-3. 





To 
ONBITHBIM JaHHbIM Jia TENJIOBbIX pesle MawbxX ra6aputos: 


p=5. 10-3 


Cm? °C ° 
Baryvcaenue NOcTOAHHBIX, M3 (21-44) 
Pre. 1,69 - 100 - 0,88. 1078 . 19? 
2-5-107*. 150 





= 9,9. 





H3 (21-46) 
20-5. 107°. 
kg = NO — 0,712. 
0,42 - 81 In 

H3 (21-48) 9— 1,69 

kg = 8-5 - 300 eae 

~—6 = , _ 

A3 (21-50) 3-20-1078. 15.10". 150 ‘ 


ky = 0,75 - 20- 10-8. 150. 41.8. JQ-s 
Buiuvcaenue b | | 
€ 0, 4 A (ua (21-45) u (21-47)), 


bih(br +h) =9,9; ph _o zip 





29F 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Saniti 
itized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


U3 9Tux BEIpPAKeHHl mocse pewleHusd KBapaTHOro ypaBHeHHaA M0- 

nyyaem A = 1,86 + 0,89; npHHHMad MeHbILICe 3HaueHHe A uw OKpyrJiAa 

ero, nomyuaem fh = 1 mm, torna b, = 2,66; b = 2b, +b, =8 uM. 
Buraucaenne J. 3 (21-49) 


les = 89-1072; £30 mH. 


Buuucaenue f,- 13 (21-51) 
f, = 1,8 + 107 - 900 = 1,62 mom. 
Morepx B OumeTasae MpH HOMHHaJIbHOM TOKE. 


—3 
085-10 63 ,66 oe 2.05 em, 


P =I,r = 100 66 


rie p = 0,80 - 107~° npHHaTO pH vx, cootTnetcTByroulel Jn. 


21-8. TEPMOPEJIE W PET YJIATOPbI 


Tepmopese H TepMopery JATOPBI pasotaioT B YHKIWAH Temmepa- 
TYpbl okpyxaloulen CpeAbl. Taxue ycTpolicTBa Ha3blBarot TakxKe Te p- 
MocTaTaMH. TepmopedJe IpHMeHAIOTCA JIA SalLMTbl pa3sn4d- 
HbIX YCTPOHCTB NPH peBblileHHu TemnepaTypbl B STHX yCTpOHMcTBaXx 
cpepX JOmycTHMOH. TepmoperyaAaTOPpbl npemHasHaraloTca MH 
noyepxKaHWA NOCTOAHHBIM 3sHaueHHa TeMMepaTyPpbl perysiup yemMoro 
oOneKTa: BIeEKTpHYecKOH NedH, mpeccpopMb! AVIA rviacrMacc HW Apy- 
THX. 

Ocnosnple TeEXHHYecKHe tpesosanus. [Ipvaiunnit nocTpoeHHsa Tep- 
Mopeuvle H TepMopel yAATOPOB OMWHAKOBbI. OlHakO MPH KOHCTpyHpo- 
BaHHW 9THX YCTPOHCTB yUHTHIBaIOT ocoépie TPeOOBaHuA, pe AbABAAe- 
MBIe K pede UW peryATOpaM. 

1) Kosppuunuent BO3BPaTa— OTHOIMECHHE Temnepaty Pbl 
oTiycka K TemmepaTyPe cpaOaTbIBaHHd pee. TepmoperylsTopbl Hou 
XKHbI OOJIaWaTb BbICOKHM KOapPHULNeHTOM po3sBpatTa — NopAaka 0,97— 
0,98, Tak Kak 9TO YCOBHE onpemeiseT TOUHOCTb pery IHpOBaHAs. 
K repmMopese TakHe TpeooBaHus He rIpeLbABAIOTCH. 

9) Bavauune ckopocTH H3MeHeEHHA TeMnMepaTypbl OKPY- 
karolmelt cpeabi. KoxuctTpykKuia 1OMKHa ObITb BbINOAHeHA TAK, yTOOb! 
TOUHOCTh PaOoTLI YCTPOHCTBA He3HAUHTeAbHO YMeHbiWaslacb Tph 60JIb- 
IUHX CKOpOCcTHX H3MeHeHHA TemiMepat y pbl oKpyxkaioulell Cpefbl. [a- 
paHTHHHble aHHble TOUHOCTH JIA peryATOPOB NIPHBOMATCA K CKO- 


epao 
pocTH nopszKa Oe eet) ner Vi ata CKOpocTb HesHauuTesbHa, B pare 


epad 
MUH - 

3) KontTakTiHad CHCTEMA JOUMKHA BBINOHATHCA TAK, qTOOb 
OCYULCCTBAAIICH MrHOBeHHBI =paspbiB Lely. to TpeOopaHHe yAOB 
jeTzopsetca B PAC KOHCTpyKkuH TepMopede lipHMeHeHHeM Tak Ha 
ShIBACMbIX OMNPOKUAbIBAIOLINXCcHA OumeraauueckHxX walO HW MvlacTHh 





cnyuaes Hadsmosaerca CKOpOcTbh NopaAKa 50 -- 100 
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IIpu stom, ogHako, YMCHbIUaeTCH 3HaYeHHe KoadpuuneHta BO3Bpata, 
BCCACTBHE Yero TepMoperyJATOpH YacTO BBINOJIHAIOT C MeJWIeHHO 
PaCXOAAUMMMHCH KOHTaKTamMH. Taxue KOHT@KTb! OONlanaioT HesHauH- 


JOKEPAMHYeCKHMH KOHTaKTaMH OCYINECTBIIA€TCH HanexkHOe pasMbi- 
KaHwe wenk 220 6 nepemexHoro toxa c SAEKTPHYECKOH Harpy3koii 
600 em. | 

4) Perynaupopanue ycTaBKu. Tepmoperyastopp jomxK- 
Hb! CHaOKAaTbCA =ycTpolcTBOM ana HSMCHCHHA YCTaBKH Temnepa- 
TYPbl CpaOaTbipaHHA B 3HaqUTeNbHBIX npegenax. Tax, B peryasrope 
TP200 ocymectauaetca peryIMpopanve B npegzemax or 20 fo 200°. 


KOPPEKTHPOBKH IPH rpankyvposKe yCTpouctTBa. 
Bumetasanyeckue Tepmoctatbi NPHMCHSIOTCA JIA KOHTpoaa Tem- 
nepatTypp no 250°. 


ONPOKHAbIBaeTCA Pa3MbIKae€T KOH- 






TakTbl (CM. NYHKTHp); BOSBpaT B a 6 
Se 
HCXOMHOE NMOIO%KeHHE Nowyuaerca | A 
m SS 
MPH OxXnaKReHHH wak6e. Peryau- : B 
\ Aaa & 
, = 4 BB 
7 , 
WL. | @ur. 21, 13. Bumetannuygeckue 
NIaCTHHKH: 


f a@— c rom@puposannpmu Kpasma, 
Mur. 21, 12. Tepmopexe C ONpoKu b—c pehopmuponantoh cpenner 
AbIBaIOIWeHCA wal6olt (J). WaCTbIO, 


POBaHHe Temnepatypb! cpabaTpBaHua OCYMICCTBIACTCA KOHTAKTHBIM 
BHHTOM. 

— B kavyectse HSMCPHTCJbHBIX SCMCHTOB [IPHMeHAIOT TAKXKE ONpo- 
KHABIBAIOUMeCA OUMeTaIMYecKHe nacTHHKH (pur. 21,13). B taxoi 
MWaCTHHKe C Mpope3samH BHeLIHHe yacTy roppupyiot, BewenzctBue 
Wero BHYTP€HHAA yacTb A ysru6aertcs. IIpn Harpese ata yacth cTpe- 
MHTCH H30rHYTbCA B CTOpOHy YMCHBIUCHHA PawMyca KpHBH3HEI. [13- 
rudy nmpensatcrsyior CAKHMAIOULNe Kpalinne yacru. IIpu onpexenennos 
KPHTHYeECKOH Temnepatype CPCAHAA YaCTh CKaYKOM Heperubaetca B 
oOpatTHy!o cropory (cm, NYHKTHp). 
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[ipyroe HciouHeHHe MWaCTHHKH, lIpHMeHeHHOe B TepMopese XH, 
ipHBefeHo Ha durype 21, 138. CpenHad 4yaCcTb NWiacTHHKH pacTArH- 
paeTCA NOM MpeccoM, MlacTHHKa O6jialaeT CBOMCTBaMH FrodpHpoBaH- 
Hoi, HO TEXHONOrHA H3rOTOBJeHHA Ce 3HauuTeibHo nmpoule. Ilpv KOH- 
cTpyHpoBaHun TepMopede o6pamatoT Ocob0e BHAMAHHe Ha TO, 4TOOb! 
llepenay, TemnepaTypbl Mery KOpmMycoM H 6uMetaHYeCKOH NlacTHH- 
KOH Obl] MHHHMAJIbHBIM. ITO yCJIOBHE BeCbMa BaxXHO NPH NpHMeHe- 
HHH pele B KavecTBe YCTpOHcTBa 3alNHTbl OOMOTOK 9JeKTPOABHTa- 

Tenet, Pene ykpenssetcd Ha ToJIOBKe cTaTopa 


ae i e aCHHXpOHHOrO ABHrateJA. 
’ [IpH HOpMaJIbHOM pexKHMe pa6oTbl ABHraTedA 
nepenay Temnepatypbl Me7KAY O6MOTKOH H OnMe- 
TANAHYeCKHM  9JIeEMeHTOM =HeBevIHK — Hopaaka 
10-:- 15°. Ilpu peskux meperpy3kax HIM KOPOT- 


t % J KUX 3aMbIKaHHAX, KOPHa CKOPOCTb H3MeCHeEHHA TeM- 
p nepaTypbl O6MOTKH JlocTHraeT BeJIM4HH nopaaKa 


2G 
50 —— , nepenay TemiepaTypbl pe3kO YBeJHYH- 


BaeTca. 

Tipu BbpimnouHeHHn OOMOTKH JBMraTeAn C H30- 
nauneli Kaacca A npesembHaa AonycTHMaA Temmie- 
patypa paBHa 105°; mpakTuyeckH onycKatoT 
KPaTKOBpeMeHHOe MpeBbIIeHHe Temnepatypbl 0 
160°. Takum o6pasoM, mepenay TemmepaTyPp 
Mexny oOMOTKOl ABHraTesaA H H3MePHTeJIbHOH 
yacTbIO pedie Mpa TOKax KOpOTKOTO 3aMbikKaHHaA 
Our. 21,14. Tepmo- He AOvDKEH IIpeBOCXOAMTb 55+-70°. Dro ycuosne 
6uMeTaHueCKHH BLINOJHAeTCH TIpH yCTaHOBKe pede B THXOXOJHbIX 

peryATop: ypuratTeax (20 1000 o6/mun), B ABHrAaTedAx dosee 
erie wen ie ObICTPOXOMHBIX HMeIOT MECTO BecbMa 60JipilHe 
cnapana; 4—KonTaxt. CKOPOCTH H3MeHeHHA remnepaTypbl (pH BKJIIO- 

ueHHH Ha CeTb 3aTOPMOMKEHHOrO qpuratesa) — 
nepenal TemMmepaTypb! MExKAY OOMOTKOH HW pele AOCTHraeT 100—120°. 

VcnonHenue TepMoperyJATOpa As gleKTpH4eCKHX Mevel H Tpecc- 
(bopM MpHBeaeHO Ha durype 21, 14. BumetasJiHuecKHi SJIeMeHT B 
Bune cnupasmw 3akpenmeH BHH3y Ha OCH. B pepxHeh wacTH cnipaJi 
uMeeTcaA KOHTakT. Yrou NepemeenHA cBo6olHOrO KOHUA CNMpaJin 
@ perysupyetca mepemelleHiem B Kopnyce (5) perysHpoBoyHOorO 
puuta (4). B HMerouLHXCa HCNOHeHHAS TAKHX peryJATOPOB MpeAevibl 
pery1MpoBaHHA 95 +-250°, Tounoctb + 2-3". 

JIMmaTomeTpiueckHe TepMOCTaTDI. Pa6ota 3STHX YCTPOHCTB OCHOBAHA 
Ha pa3HOCTH JIHHeHHbIX nepememeHul npw HarpeBe ABY* pa3Hbix 
metanos. B KayecTBe TepMOHHEPTHbIX MaTepHaslioB NpHMeHAIOT: Np 
Temnepatypax 20 200° — HHBap (npH Gonee BbICOKHX TemnepaTypax 
KOXPPULHEHT junelinoro paclu“peHHaA HHBAp4a, 4, pe3ko BospacTaeT — 
cm. Ta6muuy 30); mpu TemMnepatTypax Gonpiue 200° — ao 1000° — 
KBapu, capop, cOmanaroule BeCbMa HH3KYM KOR(PPHUMEHTOM & = 
—5.10-7, B KavecTBe TepMOaKTHBHBIX MaTepHaJloB NpHMeHAIOT: 
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BHATepBane Temnepatyp 0-~ 400° — natyup. « = 21. 10-8: 
Bane Temnepatyp O-- 1000°— uukenn, ee 6 » 108, ae ceca 

















Koaduunentn annefinoro pacmiupenua HHBapa ad 

ITpenzenp | | 
Temneparyp —-100—0 0-100 10020 250—-350 | 300—400 400 50 
Kooppuu. na a eee ees | es eee ees 
1°c 1,06-10-* | 1,5-10-* /2,8-10~* j9,6.10—* | 13,7-10—8 |16,1-10—« 




















Hd 

ae pea TEPMOCTATbI HCNOJIHAIOT B KayecTBe pee x 
ae: yeTpoucTBa peryatopa TP-200 uamoctpupyerca (pu- 

, lo. JIpe naactuyku u3 HHBapa (/) u30rHyTbI Tak, 4TO B 
XOJIOMHOM COCTOAHHH OHM CMBIKaloTca 
CO3aBawt jaBneHue Ha KOHTaKTax, lpx 
Harpepe JlaTyHHOK TpyOKH mnocneAHAA ¢ 
YAMHMHACTCA OOJIbIUe NvacTHHOK HuBapa, as 
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{ES 
NS 
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6 


Pur. 21,15. Tpuunan yerpoicrsa Pur. 21,16. Mpaanun 


TepmMoperynatopa TP-200: yCTpolcTBa HaTOMeTpu- 
— NTaCTHHKAa H3 HHBapa: 2 — aTyHHan WeCKOrO peryantTopa: 
Tpy6ka; 3 — pery/1H POBOUHEIH .BHHT, i — tpy6Ka: pis es 


eel PacTArHBaIoTcaA Hu PaspbIBaloT KOHTAaKTHY10 eNb. Peryau- 
eons yeraeka OT 25-:- 200° ocymectBanetca BHHTOM 3. Ilorpeut- 
+ MpH CKOPOCTH H3MeHeHHA TEMNepaTypbl OKpyxaroueli 


cpeqbt He Gonee 5 P27 
MUH 


Alpyroe ucnomHenne mznnato 
Ha purype 21,16. . MeTPHeCKOrO peryiATopa npHBeseHo 


PAABA 202 


NPY )KMHbI 
22-1. KJIACCHOHKALMA 


suitcase SBeHa AA THOKOH CBaA3H ABYX heTanew, B KayectBe 
YMYATOpa SHeprHv — 3aBORHbIE npyxkdubl. Pa3snuyator CJIeyLy10- 
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"We OCHOBHbIe BHAb] NpyKHH, oravuaiouimecn Mexy coOoli WH HC~ 
nogyIHeHHeM, HH XapaKTepOM nedbopMalluH. 

Tpample H H30rHyTble MpyKMHbl (pur. 22,1; 22,2; 22,5) HMeIOT 
Bu GaKH, 3aKpenJieHHOH B OAHOM KOHIe win nocpeaHHe, HW HCTOdJI- 
HAloTCA H3 MaTepHasa C MPAMOYFOJIbHbIM HIN KPyrvibIM CeYeHHeM. 
IIpu pa6oTre mpykHHbl B MaTepHasle BO3HHKaIOT HanpaAxKeHHA SIH 
6a—lpyxuHa padotaeT Ha u3ru6. IIpsmpie u H30rHyTble Mp y-kHHel 
IpHMeHAIOTCA B pee B OCHOBHOM B KaecTBe 9/IeMeCHTOB KOHTaKTHOH 
cuctempl. Mnorga Takwe Mpy2kHHbl CTaBAT Auld nepewauH CHJibl MIpH 
He3HauHTeJIbHOM MOUTH IPAMOJHHeEHHOM XOfe, HallpHMep, B 3anop- 
HbIX COOauKaX HH TOPMO3aXx. 

BuHTOBble WHANHApH4ecKHe NpyKUHbI (pur. 22, 9) momyuatoTcs pH 
HaBHBKe MpOBOJIOKH BOKPyT NUMHApHYeCKOrO CTep2KHA HO BHUHTOBOL 
jwunu. [Ip paboTe npyXHHbl B MaTepHaJle BOSHHKaIOT nedopMallnk 
KpyuyeHHa. B 3aBHCHMOCTH OT cnoco6a KpemieHia Mpy2kHHbl H BOS 
WelicTBHA Ha Hee BHEIUHHX CHI pasmuuaioT: |) NpyKHHPl, padoTat- 
we Ha PpacTAKeHHe, 2) IpyxXHHbI, paooTaloulHe Ha coKAaTHE. 

Buntospe KOHMYeCKHe mpyxXMHbI (pH. 92,19) nonyualoTca DpH 
HABHBKe MpOBOJIOKH BOKpyr KonMuecKoro cTepxKHA. B nilane Takada 
npyxkuva uMeeT BUA CHMpaJH. B matepvasie Npy2XHHbl BOSHHKAIOT 
Hanps2KeHHA KpyyeHHA HW Cpesa. Konnyeckve MpyxHHbl 06a 1a1oT 
10 CpaBHeHHIO C WHJIMHAPHYeCKHMH 6opiulelt YCTOHUHBOCTbIO OT A&- 
(popMauwl Ha 60KOBOH u3rH6. 

BunTosbie UWHAMHApHuecKHe MpyAHHBI, padoTtaromHe Ha u3rH6 
(pur. 22, 20). B BHHTOBOM LMHHEZpHuecKOH NpyKHHe, 3aK perlJIeHHOH 
Tak, YTO pH fencTBHH NpyKHHBl 06a KOHUa ee NoBopadHBaloTcH 
BOKPYF OCH CTepKHA, MPOHCXOAAT neopMaunH w3srnOa — MpyKuHa 
pa6oTaeT Ha u3rHo. 

Cnvpadbyble MpyKHHbl (pur. 22,22) momyuatorca npn Hus3rvde 
njlockoro weHTOYHOrO MaTepvasla B BHA cnupasu. Ilpu paoorte 
npy2kHHbl B MaTepHase Ce BOSHUKaIOT AePopMallHH usruoa. CnH- 
pavIbHbe MpyKHHbl C1y2KaT Avia cooolleHuA Kakoli-H60 Bpallla- 
roulelica OCH KpyTsuero MOMeHTa: OAHUM CBOHM KOHILOM NipyekHHa 
npukpeninetca K OCH, ApyruM — K KAKOM-HOO HEMOLBH2KHOH TOUKE. 

CnupaapHpie 3aBOAHbIe MpyKHHbl (bur. 22,24) urpaioT POdlb ake 
KYMYJATOPOB SHEPrHW HW ABMAIOTCH NpHBOAHBIMH UpyXHHAaMH B Pas 
HbIX YCTPOHCTBAX. Metog, pacueTa CMHpaJibHbix SABOJHbIX NpPYy*KHB 
HeCKOJbKO OTMHYaeTCA OT MeTOZa pacieTa OObINHbIX CHMpPaJIbHbIx 
lp y2KHH. 


99-2. MATEPHAJIbI AIA V3rOTOBJIEHHSA TIPYKHH 


Bune matepHanos. B KauecTBe MaTepHasOB JIA MSrOTOBJeHH) 
Ipy2KHH NpHMeHAIOTCA HH cnelnasbHpe copta CTasH — JIeHTOUHA: 
npykHHHas CTadb, poAbHad MpoBosoKa, WAM cneuHaJIbHble CIiaBe 
Mejia — cpoctbopuctad OpoH3a, AaTYHD, 6epuasueBad OpoHsa, ‘HEHSHJIB 
6ep, KyHHaJlb H ApyrHe. Bpi6op MaTeprasa 2158 NpyXHHbI onpenennetc 
MeX@HHYeCKHMH HW WIEKTPHYeCKHMH CBOHCTBaMH 3THX MaTepHadlor 

JekTpo- HW TeMONpOBOAHOCTH. [pu pa6oTe npy?KHHbI B KadecTp 
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SJEMCHTA KOHTAKTHOH CHCTeMbI HEOOXOAHMO BbIOpaTb MaTepHay c OT- 
HOCHTCJIbHO OOJIbILIOH 9IEKTpO- H TENJONPOBOAHOCTHIO, HanpHmep (poc- 
opucty!o Opou3y, saTyHp. 

Mogyab ynpyroctu. [IpH wanw4yHH oOTHOCHTeIbHO GombUNx CHU 
B cHCTeMe H TpeOyioulemca He6oubiIoM mporu6e NPYXKHHbI MpuMe- 
HACTCA CTaIb (MOAYJb yupyroctu cranmn E = 20 x 103 «—P /um?). Ha- 
OOOpoT, CH HY2KHO NOAYYHTb OTHOCHTeABHO OoubWOH Nporn6 mpy- 
“HHI IPH HE3HAYHTeJIbHbIX HO BeJIMYHHE cHsaXx, IIPHMeHSIOTCA 
MaTepHaJibl C MCHbIIHM SHaYeHHeM MOLYysA ylpyroctu, Hampumep 
bocopuctas 6ponsa (Mozysb yupyroctu Opouspi & = 11.108 KI’ /mm?), 

SHayenne Jonyckaembix HanpsxKenui. B tom calyyae, eCIH pu 
paOoTe Npy2kHHbIl BO3MO%KHbI OTHOCHTeJbHO GoubuINe JepopMalunu ee— 
Mporu6, pactaskenne, 3aKpyunBanne, — culelyeT BbIOHpaTb MaTepHaunt 
© OTHOCHTEJIbHO OO/ILLIHMH 3HaYeHHAMH JOTyCKaeMbIx HanpsAKeHHH. 

B pesectpoeuun nmpumeusiotca cNeAyioulve MaTepHavini. 

1) [Ipyxuunaa cranbyaa yriepogwuctah mpoposmoka no [OCT 
9047— 49. XOJOAHOTAHYTaA DHametpom oT 0,2 yo 8 mm, NpHMeHAemaa 
ANA HSPOTOBJIeHHA MpyKHH, HA@BHBaeMbIX B XOMOAHOM cocTORHHH H 
He NoABepraembix 3akake. B 3aBucHmMOocTH OT npejela mpownoctu 
pH PaCTAHXKeHHH 3Ta NPOBOJIOKa H3roTOBUIAeTCA Tpex KJlaccop: H— 
HOPMAaJIbHOH NpouHocTH, I] — noppinenxo, B — sprcoxoii, 

2) TIposonoka crampyaa yraepoguctaa. [OCT B 1546—42 mapxn 
OBC — oco6o0_ sBaicokoro CONPOTHBJeHHA H BC—ppicoxoro comnpo- 
THBJIGHHA, 

3) JleHtounpie cranu 60C2A, 65 u Y8A no [OCT 228343 WIA 
MSTOTOBJICHHA NAOCKHX NPyKuH. 

4) Jlextounaa ctanb 70C2 x A no TOCT 2283—43 aA u3roTOR- 
J@HHA CNHPaJIbHbIX 3aBONHbIX NpyKHH. JIA sTHX NpyxXHH npuMme- 
HHMa CTaJIb Y8A, YIOA. | 

9) Poctopuctaa 6pou3a —TOCT 1761—50 AJA MOCKHX H CIH- 
PaJIbHbIX TIpyuH, 

6) Jlentb! 43 Helisnan6epa TOCT 5187—49. ? 

7) Bepuaanesaa 6pon3sa — nents: FOCT 1789—50, nposonoKka no 
LUM /TY 673—41, o6aqatoman BbICOKUMH Me XaHHYeCKHMH CBOHCTBaMH. 

8) Bpouza KM, 3-1 —aenter TOCT 4748—59, npoponoxa TOCT 
5222—50, nemiepne chocopucToH vu 6epHaineBoli OPOH3bI; LIHpoOKO 
NPHMEHACTCH AIA H3POTOBJIEHHA MIOCKHX NPYyKHH. 

Boi6op jonyckaempix Hapa xKeHHH. Iipv BpiOope paccmatpuBatorca 
TpH KaTeropuH Harpy3ky npyxuy: I — nocrosunaa, I] — NOBTOpHaa, 
NYJbCHpylouWlan, OHOrO 3HaKa, IJ] — 3Haxonepemeuuaa. CpeqHee 
SHayeHHe ONycKaemblx Hafips2KeHHH: 


oy. cp 3 . 4 
Ry u322 9”? Ry uze = 3 > Ri np 7h U2 » Ru xp - Ru U329 


KI 
rye on nut _— NpezeJ NPOYHOCTH NHpu PacTAKeHHH, Aaa OTBETCTBEH- 


HbIX NPYKHH MPHHHMaeTcaA Gobi 3anac NpOuwHocTu: 
Sp Sb, 3 . 4 
Ri use = 75) Auue=7 Rin = 7 Riuset Rup = 5 Ru use 
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pu HCHOAHeHHH CMHPaJbHbIX MOMeHTHBIX NpyXHH NPHHAMAlOT 


BpecbMa BbICOKHe 3anadchl NpOuHocTH — OT 5D JO 


Tanupie 9veKTpo- i TENAONPOBOAHOCTH H AOMYCKaeMbIxX HanpARKe- 














Hui MPHBeAeHb! B ra6uuax 31 u 32. 
Tabauya 3! 
QneKTPONPOBOAHOCTL H TENNONPOBOAHOCTh MaTEPHaJOB 
Tennonposos- 
aaa HOCTb 
MartepHan B % K MpOBOAHMOCTH Kan 
YHCTOH Mes cmt. °C/oM 
Mee < <3 eee eo 98 09—0,94 p — YHCTOH 
Mochopuctaa 6pow3a . . 13 0,15—0,20 MeAH paBHO 
Bepunesan Opow3a . . 23—25 0,25 0.018 one 
0,31 , 
Jlatyib 2... ee eee 25 , M 
Crafb .. +202 2 9 0,15 (npn 20°C) 
Tabauya 32 
Jlonyckaemple HanpsxKeHHA NpA pacdeTe Npy XA 
ree | Tpenen Tlonyckaemble Hallps2KeHHA 
MpouHOCcTH a Moay.1H 
MatepHan Mapka rpH MM? 
pacTaxe- Ha KpyuenHe| Ha H3rHO E G 
HHH Sb Ri xp [RU plRI use| RI use KD /mum? | Ko fama? 





















































al = |e) 
CrasipHaa 95 65 | 
npoBosoKa os 0,2—0,6 as | oo | | | 
FOCcT 
ie BH | 220, tone, Wetaas 
5047—49 0,71, 560 [| | 5 | 90 Js[s] | | 60 | 2 10 8-10 
TI—I] 160— 
vole | ss | 28 Tee [ss [a | o | «| 
Sees at ine ots a gh So ee 
CTaJlb 
65r, Y8A, | | | 53 | 35 | 65 | 45 | 20-108 | 8-10* 
60C2A | 
Bpoxn3a O® 8 gs 
docibopucras 6,5—0,15 | 21 | 15 | 26 | 18 [1010 [0-10 -10 \-o- ! 
fr 
Bpou3a Bpb2 os, | 18 | 31 | 22 |12,5-10%) 5-10° 
6epuasHeBan 
na a a 
Helisuap6ep |65—20 HM | 18 | 13 | | | 1-105 
Bpousa ie | | 21 | 15 | 26 | 18 [2-10 fas 10° \ g—102 
Neen nen ee ean 
Coptament npoporoku no TOCT 5047—49: i 


CQ 0,2, 0,22, 0,25, 0,28, 0,3, 0,35, 0,4, 0,45, 0,5, 0,55, 0,6, 0,8, 0,9, 1,0, 
152, 1,3, 1,4, 1,5, 1,6, 1,8, 2,0. 
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22-8. KOHCTPYKTHBHbIE BOIMPOCbI 


a) lipambie 4 H30rnyTHe NpyxKUHH. IIpampie mpyxHHEI yame Bcero 
HCHOAHAIOTCA B BU€ KOHCOMbHOM Oanku (pur. 22,1), B page cuay- 
1aeB NOCKaA MpyKWHa YCTaHaBAMBaeTCA NMpH OTCYTCTBHH BHelUHeft 
HarpySKH He CBOOOAHO, a HMeeT MpexBapHTenbHDI usrn6 B o6par- 
Hyl0 CTOpOHy Ha BewHuHHy fy (pur. 22, 16). Dror NpeABapuTesIbHEI 
H3rHO6 MOxeT ObITb OcyulecTB.IeH 


160 KaKHM-HH6yAb ynopom, nH60 4 Z 
NOZrHOoM NMpyKHHbl, T. e. npH- Z | 1? 


qanvem efi npenBaputenpuoro Ha- @ * a5 
TAKEHHA fo. OGuH nporn6 f 5 
NpyXHHb paBeH mpesBapuTemb- — @ 


HOMy nporno6y fy natoc nosesuntit 
nporu6 f;. Wonesnpit nporn6 
CYHTAaeM OT TOPH30HTabHOrO No- 
JOKeHHA BHU3. Cuna Q, tpebyio- 
Wasica IA NOyyeHuA none3sHoro 
mporuOa f;, ompeneasetca u3 
yCOBHA mpornOa Ha Bey 





f= 0+ hi. ®ur. 2 ; 
Tpamasn npyscuna, nazpyocen- ea 2,1. TMpamaa npyxuna: 

— S€3 MpexBaputenbuoro usru6a; 

HAA nocpedune (cur. 22, 2). Takue — b ~ c npenBapuTeabunM usru6om. 


IPY2KHHbi MPHMeHAIOTCH B Kaye- 3 
CTB€ SJIEMCHTOB KOHTAKTHbIX CHCTEM HJIH B KauyecTBe 3alleIKH, korya 
Tpe6yeTca (ukcauwA nosoxKeHMA OCH KakOro-nH60 Nepek JO4aoulero 
yctpoiictpa (pur. 22, 3). B atom caydae OCb nepekJuouatema ucnon- 
HAe€TCA B Bue KBagpata. [Ipu pacuere taxux Npy2kHH HCxonAT wg 





@ur. 22, 2. Tpamasa npyHua, Our. °22,3. Tipamas npyKuHa 
HarpyXKeHHag nocpeguue. : B KaueCTBe 3alleKH. 


NPEAMOAOKEHHA, ITO MPyKMHA 3a%KaTAa B Cpequell YacTH U Ha Ka2KJIOM 


KOHUe 3arpy Kena cuHJol =. 


Hamanymeie npyocunot (pur.. 22, 4). Ucnonustorca B BHJe JIMCTO- 
BbIX MPYKHH, 3aKpenvieHHBIX Ha O6OHXx KOHWAaX; CHa mpunoxKeHa 
nocpegune. B stom canyuae TIPHMeHAIOTCA CopMywbl usrH6a win 6a- 
OK, YKPCIeHHbIX Ha ABYX KOHUAX. 
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Haoenymoe npyxcunet (pur. 22,9). PacueT Takux NpyKHH lpous- 
BOMHTCA AaHaOFHyHO MpsIMbIM— UX PACCMATPHBAlOT Kak KOHCOJIbHBIC 
6aKH, HO flonycKaemoe HalpsxKeHHe varH6a Ryze MpHHUMaeTCA C 


6OJbUIHM KOS*PDHUHEHTOM 3aflaca. 
LQ 8 
jvm ia 
L é 
; | i, 
npyKHHa. . @ur. 22, 5. Wsornytble MpyHHbl. 





Mur. 22, 4. Hatanytaa 


Kpenaenue npamolx npyscun OOBIYHO OCYMIeCTBIAeTCA ABYMA BHH- 
TaMH HH 3aKsenkamu. IIpm KpemmeHHH OHM BHHTOM HeEOOXOAUMO 
IpHHHMaTb Mepbl NPOTHB NpOBOPayHBaHHA Mp Yy2KHHBI. OrpepcTHaA 118 


‘ d 
Ji, 





EY LEE ao 
qi! 
e 
@ur. 22, 6. M3ornytad @ur. 22,7. [Ipamaa npyxnHa 
TIpyHHa. Kpyrsioro ceyeHHA. 


KpeNeHHA B NpyKHHe NPOM3BOAATCA WUTaMNOBKOH HIM CBepJIeHHeM. 
[IpH 9TOM B HeKOTOPbIX CyuaAx TpeOyeTca NPOH3SBOAHTb OTKHY HJM 
oTHyCK KOHUa MpyXHHbI, COOTBETCTBYIOMero MeCTY Kpenvienua. 








d 
8 M..a \ 
foale a, 
i? 
92. 8: emsieHHe NpyKHH. ur, 22, 9. [}pyxHHa 
oe ne . c maropo HaBUBKOu. 
Tabauya 33 B HekoTopbix cywaAx MpykH- 
Ha B MecTe KpelWIeHHA BbITOMHS- 
Kpensenne erca Gonee wHpoKOn (pur. 22, 8), 
ojHako cnelyeT NO BO3MOKHOCTH 
BHHTaMH | 3aK/lenkaMH §=w36eraTb Ppe3KHX H3MEHEHHH Cede- 
OA. PexomeHavemble aHHbIe pac- 
d 0.5 6 0.3 6 MOJOXRKeHHA OTBEPCTHH UH HX pa3- 
a |Or3 y0 4d mepoB mpHBogatca B Tadsuue 33 
c 0556 | B COOTBeETCTBHH C O603HaYeCHHAMH 


cburyppi 22,8 (d, 4, ¢). 
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iameae ; oc NPY*KHHbI NMOCpeXCTBOM NpPH>KHMHBIX 
- 44,1U). Kpad naacTuHoK, noakmanoK 
: AOK HW Apyrux ye- 
ae K od de NPWKUMACTCA NpyxKuHa, cHeLyeT Ae tg 
0600 KOnKbL Npyscuk, Tepemematomueca no mocKocTam 
(pur. 22,11), nomKHEI ObITH 3a- 
THYTbI WIM HMeTb 3aKpyrseHuna, 
WTO MpeqoxpaHAeT MpyxKuHy oT 
3AKJIMHMBaHHA HW NOJIOMKH. 







ur. 22,10. Kpennenu 
; e MpyxHH Mur. 22,11 
NIpHKHMHBIMH MNACTHHKAMH. GonHEX oo a 


arg tay denise Npyxund OCyuleCTBAReTCA oTruy- 

, OJOKHYIO RehcTBHIO cHaE. B 

PbIX CHYYaAX JIA YMeHbUIeHHA xO ine 
Aa NPyKHHbI CBO6OuBIE 

YACPKMBACTCA ynOpHOH mnaacTuHKoL sei aa 
KOH. Taxkoe uc 

ae ee NOJIH€HHE MOKa3aHO 





Mur. 22, ee Pea dasa a dur, 22,13. Yerpoficrso nas pery.u- 
: OBaHHA Ha 
A — cBoGogHoe coctosHue npyxuat. : een 


Peeyauposaxue Hane 
amuan NpyoeurHo. oc 
ur. & th py ) YULeCTBIAeTCA BHHTAaMH 
_ Asoenymeie npyscunos CIeCLyeT H3POTOBAATh C ONpeeeHHBIM MHé 
MaAbHbIM PafHyCOM rf 3aKPyreHHA B MecTe H3rn6a. 


20" 
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PexomeHayemble MHHMMAJIbHbIe SHAVeHHA F 3aBHCAT OT pola Ma- 
repHaya, TOJIWMAbI WucTa MW HanpaBuenyn ITAMMOBKH: NepreHAvKy- 
NApHO WH MapasesbHO HalpaBJeHHTo BaJIbLLOBKH JIMCTa, H3 KOTO- 
poro H3rOTOBAeTCA NpyKHHA. 


1) Tipu wmtamnopke NepneHaAMKyJApHO HanpaBJIeHHiO BaJIbUOBKH 
Tuane = 44— ANA CTAIbHbIX TIpy2KHH, 
ruun = — AIA py W3 WaTyHH HK cocpopucToh OpoHsbl. 


2) Tipu wirammoske MapaJlesbHo HanpaBJeHHIO BaJIbIOBKH 
aun == 8h — WA CTA; 
mane == oh -- Oh — ANA cboctpopucTol OpoOHSbl HVIK jlaTyHu. 


Tepmuueckan o6padorTka. Tlmockve fpyKHHbl, B KOTOPbIXx Heoo- 
XOJLHMO BbIPYOUTh OTBEPCTHA, a TakxKe H30rHyTbIe Mpy2KHHbI WITAaM- 
nyioT, Kak [paBHJIO, B OTOKKCHHOM coctonHuH. Tloce wiTaMNOBKH 
pyXHHa MofspepraeTcA 3akaJKe, Sakaika MpyKHH H3 jleHTOUHOH 
CTA MpOWSBOAMTCA B COJIAHBIX BaHHaXx mpH temnepatype 780— 
800° B reyenve 1—3 MHHYT, OXMaKACHHE Ipy2XHH —B MacJle NIpH 
KOMHaTHOH Temnepatype. Ilocne 3akaKH MpyKHHb! JONONHUTeJIbHO 
nompepraioTca OTIYyCKy B CeMUTpeHHOM WJM MaCJIAHOH BaHHe, B 3a- 
BHCHMOCTH OT TpeOyeMOH TBepAOCTH. O6pi4HO NosyuaeTca TBEPJOCTb 
B mpegemax 40 55R,; COOTBETCTBEHHO STOMy TeMNepaTyPbl oTnyckKa 
nopaaKka 400—275°. 

Jina mpemoxpaHeHHA CTA@JbHBIX NPy2KHH OF KOPppo3HH HX NOKPbl- 
BAIOT 3ALHTHbIM CJIOCM B PaJibBaHWyeCKHx BpaHHax. B 3Tom cayuae 
RO3MOMKHO HaBOMOPOXKUBaHHe MeTaJWIa, HOSTOMY npykuHa oMKHa 
MpoHTH mpowecc oGe3BO0pOKUBAHHA B MaCJIAHOH BaHHe MpH TeM- 
nepatype 210+10° c BbIepKKO B TeveHHe 9 YacoB. 

IlIramnopka H FHyTbe NpyXHH Hs GepusmneBol OpOHSbI OCy- 
IUCCTBJIAIOTCA B 3aKaJICHHOM (MArKOM) HX COCTOAHHH. PexkKHuM 3a- 
KaJIKH: HarpeB JO TemmepaTypbl 750—730°, Bbilep>KKa MpH 9STOH 
TemnepaType B TedeHHe 40—50 MHHYT HW OXJaKeHHe B XONOAHOH 
sone. [locale WITaMNOBKH Npy2xHHa NoABepraercs o6slaropaxKNBaHHlo 
(crapeHHio). PexuM o6maropaxkHBaHHA: HarpeB AO 300° c BbIZepK- 
KOH pH 9TOH TeMMepaType B TedeHHe 8—9 yacOB, OXJJaxKeHHe 
B CMOKOHHOM BO3AYXe. 

Ananorvunble Mpoyecchl MpoBogatca HC ApyrHmy lipy:KHHaMv 
43 IBeTHbIX cnaBoB, HanpHMep H3 KyHHaJi. 

6) BuHTopsbie WHHHApHNecKHe npykunbl. Takve MpyxHubl yarnle 
Bcero HB3rOTOBAAIOTCA H3 MpOBOMOKH Kpyrvioro CeNeHin. B peue- 
CTpoeHHH N1pHMeHAIOTCA MpyXHHb C He6O/IbUIHM WaroM BHTKA, 
NOSTOMY TIpH onpesxeseHHH HanpaxkeHHit B NonepeuHOM CeveHHIt © 
BUTKa TIpyKHHbI CUMTAIOT, STO KAKIbI OTACIbHbIM BHTOK pactiouJlo- 
CH B TIJOCKOCTH, MepMeHAHKyJIAPHOH K OCH BUTKA. 

CootHomeHue OCHOBHEIX reoMeTPHYECKHS pa3Me- 
pop npyxXHH. Crefzyoume reomeTpHueckHe pa3Mepbl ABIAIOTCA 
OCHOBHBIMH JWI BHHTOBbIX UMJIHHApHYeCKHX Npy2kvH: cpeqHHit 
auametp BuTKa D, AsHHa HPyKHHBl hk wu guameTp mpoposoKn d. 
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XapakTepHBIMH NapameTpamu MpyKHHEt NPHHATO CUMTATbh CileLytoune: 


D 

a a Ci; dD — Co. 
B palHOHanbHoO MCNOJHEHHBIX npyxKuHAaX BeTMUnHE Cy H Cg Haxo- 
AATCA B ONPeNeeCHHbIX Mpeyenax. B o6ptuHom ucnomHeHUH Ip y2KHH 

Ca <5. 

BaxkHO BbIJepKHBaTb BTOPoe ycnoBne AIA 3HayeHna C, B Ipy- 
*KHHAX, PaOoTalouHxX Ha cxKaTHe. Korga cy >5 Np pa6ote mpy- 
KHHBI MOET NOMyYaTbCA OoKoBoe BbinyyHBanue. [Ipu stom cosgzaeren 
TPpeHhe B BUTKaX, HCKaxkalomee XapakTepHcTHKy MpyxHH, IIpu 
NPOCKTHPOBaHHH NpyxKHH peKOMeHAyeTcA BEIOUpATD clenyroulve pas- 
Mepp! D u d: D—5; 6; 8; 10; 12,5; 16; 20; 25; 32; 40; 50; 62 mm; 
d—» 0,3; 0,4; 0,5; 0,6; 0,8; 1; 1,2; 1,6; 2; 2,5; 3: 4.5; 6 um. 

Bunmosaa npyocuna, pabomarwana Ha pacmanenue. Hapsupxa 
UHIMHAPHYeCKHX BHHTOBbIX MPy2KHH PACTAXCHHA MOMKET OnITE ocy- 
MecTBIeHa RBYMA cnocobamH. 

1. Sakpbitad HaBUBKa HCnonHAeTCA TaK, TOOL! BATKH Mpy- 
*KHHBI CONPHKACAJIMCh Apyr C APyroM c HeKOTOpbIM HaTsKeHvem. Ilo- 
CJIeHHee YCAOBHE AOCTHraeTcA TeM, 4YTO pH 3aKpyyHBaHHH BOKpyr 
CTePAKHA HABABKH MPOBOJIOKY BpalllaloT OMHOBPeMeHHO H BOKpyr cBoefi 
OcH, Cala HaTAXKeHHA NponopuMoHadbHa yrly NOBOpoTa a NpoBonoKH 
BOKpyr ocv. IIpyxuubt c 3aKppito# HaBHBKol paOotaioT c mpenBa- 
PHTCJIbHBIM HaTAXKCHHEM, KOTOPOe OHH NOsmyyaloT B Mpouecce u3ro- 
ToBAeHHA. Jin yaneHuA BHTKOB Apyr oT Apyra Hayo NmpHsoxKUT 
culty Qo, KomneHcupyrontyio NpeABapHTebHOe HaTAxKeHHe. IIpume- 
HAOTCA TaKHe NPyKHHbI B TeX ClyYaAXx, KOrAa Tpebyetca NOJYYHTb 
OoMbUy!O CMY pacTAKeHHA npH Mano ANMHE NpyKHHbl. 

2. Waropaad HaBHBKa HCnOnHAeTCA TaK, 4TO B roTOBOH HaBH- 
TOH Npy2kuHe MMeeTCA paccTronHue MexKy BATKAMH —War ¢ (pur. 22, 9). 

B onpenenennok KOHCTPyYKUHH allnapata paOota npyxHHbI Xa- 
PakTepH3yeTcA OObINHO ABYMA NOJOMKCHHAMH: HavabHbIM HW KOHeU- 
HBIM. HavyanbHoMy nowOx%KeHHIO MpyXHHEI MOKET COOTBETCTBOBAaTb 
HJIH CBOOOZHOe COCTOAHHe MpyXKHHbI, nH NPeCABapUTebHOe pacTa- 
2KeHHe. IIpH cBo6onHoM cocTosHHH NPYXHHEI Hava/ibHad cHsa Q, 
OyeT COOTBETCTBEHHO paBHa (pur. 22, 14): 

Q1 = Qy — AA NpyKuHEI c TPC ABaPHTeIbHbIM HAaTAKeHHEM (3a- 
KpbITad H&aBHBKa); 

Q. =0— ANA MpyxHHEI c warosoh HaBYBKOL. 

‘laa npyxuH c npeqBaputenbHbM PaCTAKeHHeEM HauyaJibHan Cuvia 
ONPCAeIACTCA BeHYMHOH HayasbHOrO pacTAKeHHA fi, a B Apyxu- 
HaX C NpP€ABapHTeJbHbIM HaTAMKeHHEM elle AONOJHHTebHO BeHUL- 
HOH fy, COOTBeTCTByIOMel CHIE Qo: 

Q, = kf, — aaa NpyXHH C WaroBoh HaBHBKon; 

Qn = R(fo +f.) — a8 NPyXHH C 3aKpbITOH HaBHBKOH. 

SHaveHHe CHIBI Qy He MOET ObITh HalieHO aHasIHTHUeCKH, Tak 
Kak C€€ BeIHYHHa SaBHCHT He TOJIbKO OT pa3MePOB NIpPyKHHHI, HO 
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H OT Mpowecca HaBMBKH. Kak yKa3bIBaJIOCb BbIIe, SHaTeHHe Qy 3a- 
BHCHT OT yIJla 4 MOBOpOTa MPOBOOKH MpH HaBHBKe. O6pIyHO 3Ha- 
yeHHe Q, onpefeiseTca MO AvarpaMMe MIpyKHHbl, nowyueHHow 9kKcne- 
DHMeHTaJIbHbIM myTemM (ur. 92,14 c). B HawdaibHoH ToUKe, Kora 
ipyxXHHa HaxOMWTcA B 
CIMOKOHHOM COCTOAHHH H 
BHTKH  COMpHKacaloTcd 
pyr c Apyrom, B Heli 
yMeeTCA lpeqBaputTevib- 
Hoe HaTAKeHHe Qy. IIpu 
DaCTAXKeHHH  MpyAKHHbl 
Ha BeJIMYMHbI fy H fy, M0- 
jyyaem chp Q, H Qa. 

Tlockonmpky pa6orta 
Npy2kHHbI MPOHCXOAUT 


@ r 
Af —--AN —- 
F 


ees f= 


Mur. 22,14. JLvarpaMMbt 1pyXHH pacTAxKeHHA: Mur. 22, 14A. JLuvarpamMbl 4.104 


a — cBo6oaHOH MapyxuHEl; b — Cc NpeABapuTeJIbibIM BHHTOBbIX NpyKHH CMKATHA: 
pacTHKeHHeM — WaroBpaA HaBHBKa; CC 3aKPbITOH a — cBo6onHan MmpykHHa; 


HaBHBKOH. b — C MpeqBapHTeIbHbIM CMATHEM. 











B ipesesax yipyrux gedopMalnH, BCe 3HaveHHA Q,, Qi: # Q, mpo- 
HOpUMOHAaMbHbI BesHYHHAM fo, f; 4 fe (CM. AMarpaMMbt (pur. 22, 14): 


ee (er = . _ f—Ui the) 
fotiitiéis Qe’ f=fothi+fe: Qo = pa 


O6bIuHO NpyKHHbI C NpeABapHTeJIbHbIM HaTAKCHHEM (c 3aKpBITOH 
HABMBKOH) HCMOJHAIOT TaK, YTO CHa Qy Co3qaeT B MaTepHae IIpy- 
*KMHbI HalpsxKeHHe t MopayKa 15 KC] mm? (Qs CTaJM). 

B npexpapvtembHbIxX pacueTaxX MpyKHH MPHHAMaloT OPHeHTHPO- 





BOUHO: 
Q, = Sia — JA TpyKHH C DHaMeTpOM MpOBOJIOKH d<5 mM. 
Qy = Suet npn d> 5 ma, 
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Iar npy Hub pacraxenua ("pH WwaroBoi HaBuBKe) TIPHHHMaeTca 
CObINHO PaBHbIM AMamMeTpy NPOBOJIOKH. 

KoOHuUbl =MpyXHHbI HCHOMHAIOTCH B BHAe€ OTACIbHbIX BHTKOB 
(pur. 22,15), KoTopple ZOuDKHBI ObITE PacOJIOKeHbI NO OCH NPyKHHbI 
O6a KOHUeBEIX BUTKa MOryT ObITb pacno.IoxKeubl B OMHOM MAOCKOCTH 





®ur. 22, 15. 3anenka Konnos NPyKHHbI pacTaAKeHHaA,. 


WAH B PasHbIX: OJMH BUTOK MOBePpHYT B 3STOM cay¥ae Ha 90°. To 
KOHCTPYKTHBHBIM COOOpaxKeHHAM MPHXOANTCA MHOrNa YAJIHHATb KO- 
Hel, NpyKHHp! (cur. 22, 16 c). 


@ 





Pur. 22, 16. MopMal Kpenenua NPyKHH pacTaxKeunnna. 


Kouubl NpyKHHbI YKpenJiaioT Ha . 
AeTalax annmapata, 4306 - 
HbIX Ha (Hrype 22, 16. , — 


OHWEBBIC BHTKH TaKKe MIPHHAMaIOT yyacTHe B paboTe Npy2KHHBl. 


uy, Pacuere MpyXHHbl O64 KOHUeEBBIX BHTKa C4HTAaIOT 3a OJHH 
TOK. 
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[Ina mpyxWH Cc NpeABapHTebHbIM pacTsKeHHeM BeJIMUHHbI pac- 
TmKeHHH (pur. 22, 14) 


= Qi... Fe Qe 
h=ha-@? i bo’ 


Jina npyKvH C Tpe2BapHTeJbHbIM HaTA?KeHHeM H npelBapuTeJb- 
HBIM pacTs>KeHHeM (pur. 22, 14¢). 


f=fothi the: 
(8) = 
2  @ Qo = hth 


Buxmoeole npy2cuHxol, pa- 
Gomarouue Ha cowxamue, I nu- 
Ha npyxXuHb L jowKHa 
6biTrh He Gonee 5D. Beuwu- 
quHa ?¢? Wara He HOpMHpy- 
etca. [IJpuHatpie B MpakTHKe 


sHayeHna ft = cae D 
——. y) * 3 e 





Vt 


®ur. 22, 17. Sanenka KOHNOB NpyKHHbl 
cKaTHa. 3anmenKa KOHLOB. Bos- 


MOXKHbI TPH MCMOJHEHHSA: 
1. Cpo6onHoe (pur. 22, 17a). Ilpumensetca pelko. 


9 Konuepple BUTKH YaCTHYHO HaBUTb! 6e3 yKJOHAa, NOAKAaTbI 
(pur. 22, 17 6). IIpu Takom HcnoAHeEHHA ycTpaHsAeTCA ONACHOCTS HCKPHB- 
JIeHHA MPy2KHHbI MOMCHTOM, OMpeseJIAeMbIM cuoH Q H payHyCcOoM 
mpy2kuHbl. []pumenseTca B NpyKHHaX H3 MPOBOJOKH d<0,5 mm. 


We G5 + W225 






a, 0,25d 
pee 6 aca t d. 
Y\ < Se 
Z p 
g | 
g p 
Z \ Le D 
, Z 
ZY Z 
ag Z 
4 | 
2) ea 





@ur. 22, 18. 3anenka KOHMOB MpyKAHb! CKATHA. 


3. Konuepple BUTKH NOMKAaTH! HW NOAM AMPOBAHEI. Kpafinne, He- 
pa6oune BUTKH NosKHMalOTcA K paOouHM 4 COW JIHMOBbIBaIOTCA RO 


pasmepa 0,25d (pur. 22, 18). IIpuMeHsetca B MpyKHHaX H3 MpOBO- 
noku d>0,5 um. 
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Tipyxuua YACPKHBaeTCH B CBOeM NONOKeHHY COOTBETCTBYIOMNHMI 
dacTAMH atmapata: B page CAyyaeB AIA ynepxanua NPYy2KHHBI NpH- 
XOMHTCH CTABHTb CneunalbHpe WwaH6bl wu npucnoca6nuBaTE heTaamn 
annapaTa Aa STO uenn, genaa B HUX CHEUHaJIbHBIe BhIEMKH yay 
BLICTYN. | 

Sauuta oT Kopposuu. Tipyxunp v3 MPOBOJIOKH JMaMeTpom oT 
0,2 no 0,5 mm NOKPbIBalOTCH YePHBIM ylaKom MeTOJOM oOKyHaHHs 
¢ nocnezyiomei cywkol B neuH, Te Temnepatypa nonunmaerca 
peso oT 90 go 220°: BbINepKKa B Ney AUTcA 30 MHHYT. 

OflydaeTCA TBeplad MakoBaa nvienKa qepHoro wBeta. TIpyxunnpi 13 
MPOBOJOKH HamMeTpom Bpilue 0,5 wt UWMHKYIOT, TOJMIMHAa NOKpBITHS 
Hopaawka 10—15 muxpon. 

Tepmuueckas oOpaGotKa. Totosnie NPYKHHEI NOBepraiorca Tep- 
MHYCCKOH O6pa6oTKe ana CHATHA BHYTPeHHHX HanpsaxKeHHH, Nowy- 
‘“TatOUMHXCA NOcne npouecca HaBHBKH, a TakxKe WIA o6e3Bo20poxKH- 
BaHHA NPyKHH, nNpowexguinx rabBaHH4eCKve BaHHbl. Tepmuyeckas 
o6pa6orka NPOHSBOAHTCA B MaCJIAHOH BaHHe Mp Temmepatype no- 
panka 210+ 10° ¢ BbIJePKKOH B TeyeHHe 5 yacop. Iipyxnusi, nog- 
Je@KAaUHe OKPAacke, AOMKHBI OLITh HOABEPrHyTbl TepMHYecKOH o6pa- 
GoTKeE RO npouecca NOKPacKH, | | 

B) Buntosne Konuueckue NPYKHHbI 10 CpaBHeHHiO c WAH ApH- 
W€CKHMH NpyskHHaMu CxKaTHA oO6slanaioT Gonpiuery YCTOHYHBOCTHIO: 


@ 





Ra 
@ur. 22, 19. Konnyecxasn BHHTOBaA MpykKuua: 


@~— BHA cnepezu; b — Nia. 


MPOTHB OoKkoBoro usru6a. Bunropan Konnueckag mpyxuHa cocToHT 
HS BHHTOBbIX BHTKOB, Kak Obl HABHTHIX Ha KPyroBoH HanpaBasiomnit 
KOHyc (ur. 22,19). Konum NPYKHHbI 3aMKHYTbI B Kpyr Hn ans 


yrJIOM HakOWa — JorapHMHyeck ylo, 
B npaxtuxe PeJeCTpoeHHA NPHHATHI HPyXHHbI C NOCTOSHHBIM 
IaroM. 
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r) Buntosbie mpyKHHbl, paGotatomue Ha u3rv6. B BAHTOBOH 
TIpy2KHHe, HCHOJHEHHOM Tak, 4TO O6a ee KOH noBopayHBaloTca 
pokpyr och (ur. 22, 20), MpOvcCxXOAUT neopMawua w3srH6a — py- 
*KHHa paOoTaeT Ha u3rv6. C UesbiO yMeHbIeHHA nepewadn CHI Ha 
och CeHAT 3a TEM, UTOObI 06a KOHUa Rpy2XHHbI pH MOHTAaxKEe Ce 
Ob NapaseNbHbl, BATKH JOJPKHBI cBO6OLHO NOBOpadHBaTbew BOKPY! 
crepKHa. OObidHo OnipaeT WOCTaTOYHO, YTOOR! Npy2kHHa CBOHMH CBO- 
6OJHbIMH KOHLAaMH TOJIbKO npuserasa K WITHDTY HeNOMBHXKHOM YacTH 





W 
D 
Myr. 22,20. Buutopad NpyxXHha, Our. 22, 21. BuyTosat ABOHHaA 
paGoraioulan Ha H3rH6. TIpy2KHHa. | 


HAM K Kpako HeMoABWKHOH 4acTH mexanu3Ma. Jin Oonee PaBHOMEP- 
Horo pacnpeseeHHaA CHIL, jlelicTBY!OIMHX Ha OCb, UpyKHHy HCnOWI- 
HAIOT ABOHMHOM (pur. 2221). 

n) CnupaibHble MOMeHTHDIC npyKWHbI. CrpaJibHble lip yKHHbI 
IIPHMeHAIOTCA MA cOOOUIeHHA KaKOH-NH60 OCH KPyTALeTO MOMEHTA. 
Vcnomustotcs Take NpyXHHbl B BHC 3saBHToH B dopme cnupaJH 
nmocKoli JI@HTbI. OH KOHeL npyxKHHbI — BHYTPeHHHA — 3aKper” 
agetca Ha ocu (pur. 22, 22). [lia nepememeHHa Hap y2KHOrO Kona A 
Ha yroA ~ BOKpyr OCH tpe6yetca chia Q Ha Mleue R,,. Ha ocb 


v 


Torga AeKcTByeT KpyTALWHH MOMCHT 
M — OR,. 


Tipu stom Oe3pa3JIHaHo, TIpowcXOAHT JH BpalleHHe mo wacoBor 
cTpeke HJM MpOTHB Hee, T. ©. CBepTbIBAeTCA JIM ip y2KHHa — 3aBo- 
JUTCA, WJ paspepTbipaeTca — OTAaeT padoty. B maTepwane Mpy- 
KHHbI NowyyaroTca HanpyKeHHA vara. 

Xog pacueta. ObpidHo cnupasibHad mpyxHHa XapakTepH- 
3yeTCH MOMeHTOM, TpeOylOulMMcA Asia NoBopoTa KoHUa A Npy?KHHbl 
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Ha 90°. TIpu stom 6espa3IH4HO, SaBePTIBACTCA HAM pasBepTEBaeTca 
IpyKHHa. Yron 3akpyunpanna p NHCTBUTEIbHEIX yCnOBHAX pa6otTni 


]. IIpu ysenuuenyuy 3aKPYYHBaHHA NoBbUaeTcA HallpAKeHHE Ma- 
TepHana >. Tpe6yerca, uro6ny OcTaTOUHaA Repopmauna MaTepHaga He 


360° H BbtIUe) YMeHblUIaeTCH pacctosHne g MEXAY BHTKamMH. Heo6- 
XONHMO CJICQHTb 3a TEM, 4TOOBI BHTKH 

IPYKHHEI HE CONPHKacaNHCh, Tak Kak 

MpH STOM BCe~ACTBHe BOSHHKalomero 

AOOaBouHoro Momeuta TPpeCHHA MeHseTcH | 
XapakTepuCcTuKa MpyKHHbl. IIpu_pac- 

WeT€ 3aatoTcH MOMeHToM. Np YXXHHbI, 

ONPeJeNAeMbIM aHHbIMy KOHCTpyKUHH 

amnapaTa, H MaTepuasom lp YKHHBI. 

Alia npyxun c OTHOCHTeJIbHO 60VJIbILHM 

MOMCHTOM MPHMeHHeTCH seHTOYHag 

CTAJIb. | 

B  anektpomexanuuecknx pewre — 
SJIEKT DOMarHHTHBIX, HHAYKUHOHHBIX, 
SAE KTPOAMHAMHYeCKHX — NpUMeHsAIOTCA ®ur. 22,22. Coupanpuas 
MaTEpHaJibI C MCHbIIHM Mozysem yupy- npykuHa. 
rocTu — docdopucrag Opou3a, Heif- 
3Hb6ep, KYHHanb Hu Apyrue cntappt. B tex cayyasx, Kora mpy- 
*KHHA ABJIACTCH TOKOBeRYuIell, HPHMCHAIOTCA MaTepHasbl C MeHBIIHM 
YACIbHBIM CONpoTHBAeHHeM, HanPHMep KajJMHeBaH MeJb, cepe6po 
(21 TpyKHH c Man MOMEHTOM). Bpi6op matepuana onpenenner 
co6oi Mozy ynpyroctu u Beauunny AonycKaemoro HanpsxKeHna 
Ha H3rn6. 

O6biuHO mpu PacueTe CNHpPaJIbHBIX NpyxXHH NpHHAMaeTCA OombUOe 
SHaveHHe 3anaca mpouHocTH, Tak Kak B pa6ouem cocTosHuH mpy- 
HHA 3aKpy4HBaeTCA Ha yroa ? B HECKOJIbKO pa3 G6onbuHi 90°. 
Tak, 448 (ochopucroi OpoH3bl npHHumaetca Ryo nopaaka 8— 
lO Kl /um?, a ana MPpyYXHH OCcO6eHHO TOYHBIX npHOopos — nopagKka 
4—5 Kl / nm? Kouctpyxuna HPYKHHbI XapakTepusyetca oTHoute- 


HHeM -: KoTOpoe koneOsleTcH B mpegenax or 1200 Ro 3000. Meup- 





L 
WwHe sHayeHua = MTIpHHuMatorca quia MpyKHH CO 3HaUHTeDHKIM 
MOMEHTOM, OOJIbuIne — ang NPY2KHH C MaJIbIM MOMeHTOM. Tax, AJA 


UPyXHH C MOMeHTOM nopsyKa 10—20 MM 3HaueHHe £ ObiBaeT 
nopagzka 3000. | 

IIpu pacuete TIPYKHHbI 3aqaworca 3HayeHnem Ly ONpeteaA1oT 
seIMUHHEI A vw 6. Ec 3nHayenne NOMyYaeTCH OOJbLIMM, yBeHGH- 
3a10T SHayeHHe L, 
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KouctpykTHBHHe BOMPOCH. BuyTpeHHul KOHeL Mpy- 
HEB 3arn6aeTca HW saklaQbIBaeTCA B npope3 cTepxKXHA HAM OCH 
npyxuHpl. Mmeetca TakiKe mpyraa (opma KpenJienna KOHWa Mpy- 
*KUHbI — NOCpeACTBOM INTH@TOB KWIH BHHTOB. HapykHbllt KOHeIL TIpy- 
*KHH KpenuTca K KOHCTPpyKUHH annapaTa MOCpeACTBOM XOMYTHKOB 
win nalikou. 

e) SapogHble cnupadbHble NnpyXWHbI. SaBOPHbIe CHpaJibHble Mpy- 
SKMHbI HpaloT POsIb akKYMYJATOPOB 9HEprHH H ABJIAIOTCA MPHBOA- 
HBIMH MeXaHH3MaMH B pa3sHbiXx ycTpoHcTBax. Takne MpyKHHb! 3a- 
KlabIBaloTCA OObIYHO B 3aBOHOK OapabaH. HenonpwxKHbl HapyxKHblit 
KOHe, NPy2KHHbI sakpeliseTcA B Kopryce OapaOaHa, a BHYTpeHHHH 
KOHeL — Ha OCH, KOTOpOH HW mpuAaeTcn 













i 
Ro 



























ils 


Le 
Gl 


GEN aes BpalllarowwnH MOMEeHT. 

y SS JaRoHble NP yXHHbI OObYHO OpiIBaloT 
Y \ aa aS ? 6onpuloli JHHbI, HO momeLalorcaA Bb 
Y N N ? KOptlyce C OTHOCHTEJIBHO MaJIbIMH ra6a- 
L 


pHtTamMu HW NOSTOMY JOJI2K Hb ObITb 3ABHTBI 
















i 6e3 MPOMeXKYTKOB Merk BUTKaMH. 
7X N 4 Ha durvee 22,23 noKa3saHO MNPi- 
y) Nt MepHoe yCTPOHCTBO 6apabana. Och 
37 N umeeT gBe Wandbl, pacnowiox*KeHHble Ha 











VL he 
MSHI 


uN) 





erenkax Kopnyca. Ha ocn cBOOOAHO 
BpamaeTca Gapa6an 2. [HO GapadaHa 
3 ucnomHeHo c 3yO4aTbIM BeHUOM vi 
ur. 22,23. Bapa6an c sapoqHon BXOHT B 3allemueHHe C MeXaHH3MOM 
npy2KHHOA. (MeXaHW3M Ha (purype He noka3aH). 
B pepxHeH wacTH 6apa6aHa yKpen- 
naerea Kppiuka 4. BuytTpH G6apabaHa HaxOsHTCA npyxxnHa 5, 3a- 
KpenvienHaa BHYTpeHHHM KOHUOM K OCH, 4 Hapy?KHbIM K GapabanHy. 
Ha KBaypaTHoH 4YacTH OCH HacaxKeH XpanoBuk 6, y We p>KHBaeMbilt 
co6aukol 7. SaBpod Npy*XHHbl OcyulecTBAeTCA HOBOPOTOM oc. [lisa 
sroro Ha KBagpaTHOH wacTH OCH HacaxKuBaeTcA pyKOATKAa (npw py4- 
HOM 3aBOle) HH OCb CBASbIBAeTCH C MpHBOAHBIM BCIOMOraTeJIbHBIM 
gnekTpompuratesem. O6OpaTHOMy BpauleHHio OCH MeLualoT XxpanoBHk 
u cobauka. Tlog felicTBHeM Mpy?KHHbl npoBopauHBaeTca 6apa6aH, 
ac HMM HW 3yOuaTbIK BeHeL, NpHBOAAMHA BO BpallleHve MeXaHH3M 
ycCTpOHcTBa. 

Pacuert. B 3aBeMeHHOM COCTOAHHH npyKvHa He 3aHuMaeT BCErO 
o6pema Oapabana (pur. 22, 94a). Tipu sToM 4HCIO BUTKOB npy- 
KHHbI W., BHYTpeHHuM paauyc © H HapyKHbIlt 72. 

IlpH cnycke mpyxHHa H3MeHAeT UHCAO BHTKOB OT Wy 20 %, 
BHYTpeHHHA H HapyXHbId pasHyCbl npyXHHbI MeHAIOTCA OT LF WO ry 
u OT rz AO R (pur. 22, 24 6). Uucao o6opoToB Ww gapofHoro Oapa- 
6aHa paBHO pa3HOCTH HCA BHTKOB 3aBeeHHOH H CnyMleHHOH Npy- 
XKHHBI: W = W_— W. 

Uneno BUTKOB NpyXHHbl B o6ouX cyyatX MOKHO ONpeACJIATE 
B (yHKWHA ee reoMeTPHYeCKHX pasmepos, CuHTaA, 4TO B gaBe eH 
HOM H CIYIWe@HHOM COCTOAHHH Ipy2XHHbl BCe BHTKH Ce NJIOTHO Mpk 














SHMEAGTLSLA 
—/ 






SA 
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“eraioT Apyr K Apyry. Cunrag TOMMHHY MaTepHata npyxuHsr A, 
HMeemM 


lfge—-fPr 
n= h 








h 


IIpu koucrpyupospanny SaBOAHBIX NPYKHH cTpematca NOJY4HTb 
MaKCHMAaJIbHO BO3MOKHOe dWHcNO O6opoToB 6OapabaHa. Dro YCJIO- 
BHe AOcTHraeTcA npn co6smoze- 
HHH ONpeyzeeHHOro cooTHowmenna 
Me2KTY pasMepamu Oapabana. Obn- 
©M MaTepHadla 3aBOQHOK Npy HHI 
HO WH nocwe ee 3aBoqa He MeHg- 
etca. Ilostomy umeer mecto pa- 
BeHCTBO 


b (mR? — mrt) = b (xr? — mr). 


R— 'y—r—R 
Oi = 40); w= ww =O RIN 


CaneqopatTenbHo, 
2 
hno= V Rt? + r*, 


TloactaBiaa s3Hayenne fT. B ypas- 
HeHHe (C), Nomyuaem 


wh=V R-Fr 
—r—R—r, (d). 


3alaHHbIMH sABAsIOTCA reome- 
TPHYECKHE Ppa3smMepbl Oapabana y 
och —R, 7, a Takxe TOJIMHHa 
MaTepHasia Mpyxuupi A. Tipu stux 
SafaHHbIxX BeJIHYHHaX GCAO O6o- 
POTOB W sBAReTCH pyukunek 
NePeMeHHOrO sHaueHHA 7,. Onpe- 
ACIHM YCJIOBHE Nowyyenua Deans 
Avia 93Toro 6epem n OH3BOHYIO 3 
YHKUHIO no ro Rite iat is Dur. 22, 24, BS ate 3aBO]HaA 
ee HY JO, YUHTHIBaS, 4TOr = nocm; @-- UPyYKHHA saBegena; b = upyuuHa cny- 

R=nocm: 7 | MEHA. 
dw 2ry 


oh NOV Raa ee 


: R? 2 
7 = ye (e). 
MonctaBaaa sHayenne ‘; B ypaBHenue (d), umeem 
Se Ne eS 
R? re R32 2 
pe VR prvi [== (g). 





+1=0. 


Orcioga 
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Takum o6pa30M, yCJOBHeM MouyueHHA MaKCHMaJIbHoro §=YHCJia 
O6OPOTOB Mpy2KHHb!I corlacho (e) u (g) ABMeTCH paBeHCTBO: 


fg =", 


T. e. BHEWHUH pawHyc 3aBeleHHOH NpyXHHbI AOJKeH 6bITb PaBeH 
BHyTpeHHemy paanycy cnymeHHoH. Iipya«nxa, yAOBJeTBOP AION aA 
9TOMY YCJOBHIO, HaspiBactca HOpMaJbHOK 3aBOAHOH NpyXHHOH, 

PacueTHBe AaAHHBe 1. Matepnal Npy2KHHb!l — OObMHO 3a- 
BORHBIe NpyXHHbI HCMOMHAOTCA AAA NONyYeHHA OO/bIIAX 3HaueHHit 
MOMeHTOB HW TO3TOMy, Kak MpaBHJlo, H3POTOBJISIOTCA H3 JIeHTOUHOH 
cTajId WIM W3 CTaIH WIA YaCOBbIx npyxuH. Jlonyckaemoe Harlps- 
enue Ha H3rH6 NpHHAMaeTCA C yuetom koopPHunexTa garaca 
m= 1,5, T. e. Rave = 70 -+ 120 KD | mm?. 

9. TonummHa MaTepHasia NpyHHbl NpHHuMaeTCA B SaBHCHMOCTH 
OT BHeWHerO pafHyca NpyKHHbl 4 jonyckaemoro HalpHxKeHHA Ha 





u3ru6. Ilo ONbITHBIM JaHHbIM pekoMeHAyeTcA IpHHHMaTb | = 


Kenn Rugg = 70-4120, 10 h= 2h - oy: 

O6pruHo us6eraloT MpHMeHeEHHA TOJCTHIX CTAJIbHbIX JICHT, TAK Kak 
pH 3TOM NpyakHHa pa6oTaeT HemiaBHO H BEpOATHOCTh e€€ NOVIOMKH 
6onpulaA, 4eM mpH Gomee TOHKHX npyxkuHax. B pesecTpoeHHu npH- 
MeHSIOTCA TIpy2KHHbI C Pa3sMepOM B npewetax 03+ 0,6 mm. 

3 3HaueHve pafuyca ocH onpeseineTcaA HS COOTHOMCHHA 


Rir = R. 


R UIsZ 


O6uuHO npunumaetca k = 3. 


99-4, PACUETHDIE COOTHOWEHUA HW TIPAMEPbI 
Iipamaa mpyxuna (per. 22, 25 a). 


_ 1 Qe". 
f= 7 aa oN (22-1) 
moment QL = WRy. (22-2) 
OFS. 7 _, OR 
Peploye te 
As (22-1) uv (22-2) 
pee (22-3) 
3h E’ 
_ bh Ruy 
OS 7 * (22-4) 
issectan! L, Q, f; 3adaBpascb Ry, onperenstor 
_ 2h*Ru, : 
h=— apy (22-5) 
6QL 
— WR, e (22 6 
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Mpumep. 

L£=40; f=6; Q=O02<«r. 

Matepuag: dochopuctaa 6pou3a E = 11. 103 i 
' MM?” 





Ry= 30, 
h m= 22 408 + 30 
= 3-10 = 0,485, npaHumaem A = 0,5 uM, 
_ 6-0,2.- 40 
—= ~0,5- 30. = 6,4 MM, 
Dur. 22,25 (or a no Rk). Ocku3p K pacuery npyxun: 
; Q 
L 
—— -4 L | 
~~ B bey Bi — 
— =f 
a 1Q 
paman; . b ~ kKpyrsioro Ce4CHHA; 
1a Ue 


© — mpamMasa npyxuua, 
narpyxXenHan nocpequue: d — naTsHyraa; 
? 


Mpsmaa npyxuna Kpyrsoro ceuenua (pur. 22, 25 6) 


2 L?Ry, 


f= 3 dE ’ (22-7) 
nd? . Ru 
QG= 32 7 = 2 id? = (22-8) 
Hpsamaa npyxuua, HarpykenHas mocpegune (bur. 22, 25 c) 
ga Ry 
6 AE? ma 
2 bh? 
Q= ar Ry. (22-10): 
Haranytaa npyxuna (pur, 22, 25 d) 
px 1 L?Ry, 
=i9 FB? (22-11). 
4 bh? 
Q= 3 LC Ry. (22-12) 
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KonTakTHaa npykuHa MSOrHyTas (pur. 22, 25 e) 


Mpumep. f=) mm; Q=0,4 «er; L= 16 mam, toctpopuctan OpoHs3a. 
PacueT 1.19 MOJOBHHbI Npy?KHHbl. 0,5Q; 0,5f. 





Kr 
m, =4; Ryu= 12a 
cormacno (22-5) u (22-6) 
ae OTe Pee 0.372 mm, npuuumaem A = 0,4 uu 
h=3747- 108-05” » TP 
6-02-16 _ 
a) = 42. 12 19 = 10 um. 
d, W . 
fio \ 
FO in 
oO; f- 
e — H30rHyTaaA; ; — WHAAHApHIeCcKaA 


pacTaAKeHuA; 


BHHTOBAaA WMIHHApHNeCKaA NpyRBHA pactaxenna (xr. 22, 25 f) 





D 19: fe OE. 22-13) 
c= 5 1; = a Ge ( 
nd®. : 
a= <5: Q = gp Re (22-14) 
Tora 7 waniee oer 
i Gd 


PexomMeHAyembiec RAHHbe: 


D—5; 6; 8; 10; 12,5; 16; 20; 25; 32; 40 um; 
d— 0,3; 0,4; 0,5; 0,6; 0,8; 1; 1,2: 1,6; 2 wm. 
[]3 (22-14), gamaBaacb cy, NoJyaaeM 


d= 2 (22-16) 
> TR p ; 


ne. 
H13 (22-13) BbINHCAAETCA Wy, 062 KOHILEBbIX BHTKa CYHTAIOT 3a OAKH padou 
Cpo6onHad JJIMHa Hpy*xKHHBbl 


c mlaroBoll HaBHBKOM —> lg = [Wy + 2D (22-17) 
C OTKPBITOH HAaBHBKOH —> fg = dw, + 2D (22-18) 


Jinuna MpOBoJIOKH © yYeTOM KOHLeEBbIX BATKOB 


L=7D (w+). (22-19) 
PKecTKOCTbh NpyXHHbl ; 
| _Q _ Gal (22-20) 
I="F ™ 8wD3 
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Mpumep. | 
Q1 = 0,55 KP; Q, =0,8 KF; 7 = 0,05 KT /um. 
Matepuai: poasibHaa mpoBo.ioKa 
G=8- 10° xl /um?; R, = 80 KD /MaM?. 
Bapwuaurt |. Ilaropan wapuska tf = 1,5 d; c, = 10. 


8. ee = 8 
i= poe == 0,55; npHHumaem d = 0,5 wm, 


pusih diheatin Dccihan A= o= 10 atat; 


. 16 - 0,54 « 8000 

fg=1,5-0,5+- 10+ 10= 17,5 um. 
TlonHaa AuHa MpyXHHb!I B pacTAHYTOM COCTOAHHH 

C=lh5+/=17,5+ 16 = 33,5 mm. 
Bapuaut 2, ee as ay 1< 30 um; oo 3aKPbITYIO HAaBUBK 
IIpu Qg =0,8 al; f= {, = 30-~17,5 = 12.5 ie = 
Q. — Q, = 12,57 = 05 . 0,05 = 0,625 KT, 
IIpeapaputesbHoe HaTAKeHHEe © 

Qo = Oy — 0,625 = 0,175 ar. 
Q, 0,175 


Ty “oe == 0,218 — nonyctumoe. 
2 


I[wIHHApnyeckne NpyKHHbI oKaTusn (pur. 22, 25g) 
PacueTHble COOTHOWeEHHA CM. BbIWe (NPyXHHbI pacTaxKeHua). 
D _D 
f= — +> >} = WwW— Zz; 
5 Z3 Wp =w a 
lo = tw, + 1,5 d— cBo6oguoe coctTosHue, 
{= dw, + 1,5 d—nonnocTbio cxartan. 


9 nd W 
gd !  & 

fn é, wt7 é—-| a4 
g-— peal aay h — KOHHNeCKal: 


PekKoMeHAyeMble LaHH ble: 
Wy, — 2,5, 3,5, 4,5; 6,5; 8,5; 11,5; 15,5; 18,5. 


Konnyeckan npyxKHna (pur, 22, 25 A) 








nwD3Rp 
_ Dg : _ 8Qc1 . 
1 = a’ d= TR,’ (22-22; 
4afG 
@ = , 22-23 
nd R ( ) 
21 -o. A. Crynesp 32] 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


JimuHa MpOBO.IOKH 
bm wo (24 2H), 


Buntosan npyxuna, pasotatomas na wsru6 (par. 22,20) 




















(22-24) 


(22-25) 


(22-26) 


(22-27) 
(22-28) 


(22-29) 


= 11. 


_ Ry nd* 
Q=W, yo aoa Ry. 
__ J,E9 
M=Qa= ae 
Hporu6 cpo6ogzHoro Kona f = ae. 
f = aLRy. 
os Ba 
L J.Eg  nd* Eg 
Qa 64 Qa 
. L—~a—6b+D 
+ 6 -; w= =. ays ‘ 
CIE h 
Bu Ipumep. 3anano: Q,= 0,155 KF; Qi = 0,2 KP; 
i—cnupampnas, MoMexT™ pa6ounh yron 9; = 10° = 0,174 pad; 
nets D=6 mm; a=9 um; 6 = 12 uM; 
Halitu: mw, —dy— % — L. 
MartepHasi: posabHaa mpososioka E == 20 - 108 =; 
aT 9 Qi Q1 ° 
= 30—;; —-= [ oO = 0,78 pad = 45°; 
Ru mM” 9 Q1— Qo coe Q1—Q 
2-Ssa no 
9 = 35°; d= e207: os : = 0,85 um; 
n° 0,854 - 20 - 108 - 0,78 _ , 223 —9—- 12 +6 
Lo 64-0,2-9 Pee ee n6 


Cnupambuan npyxuna (pur, 22, 25 4) 
bh? 
M= WR == “& Ru; 














EJ, _. 
M = LY 
8 
| eae 
Ce: | 12 
VJ s 
Oi \5 4 L —pa3pepHyTad AHHa JeHTbI, MM. 
RyL 
ae 
ko cnupasibuan eee 2LRu, 
saBboaHan, oF 
a 6M 
= Rae 
— Eh. 
L= oR,’ 
L 


Oe R(Re TR)” 
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(22-30) 


(22-31) 


(22-32) 
(22-33) 
(22-34) 
(22-35) 


(22-36) 
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PaccToauve MexkKay BHTKaMH 


2 3 
pt (R n—R a) 
ear Man 
Hpumep. Moment M = 12,2 [um npu yrae = 


7° Matepran — ocopucraa 
Opou3a & = 11. 103 all 
MM 


(22-37) 


Ry = 3 ganaemcan L = 400 um: 


2-400. 3 
As 05°11 105 = 0,139; I1pHHuMaeM ft = 0,15 KM; 
6 - 0,012 
-tF =Imum; R, = 11,5 nm; R, = 2,5 MM; 

L 

= aR, FR) g= 1 MoM. 

CoupaibHad 3aBoqHas npyxHHa (pur. 22,25 &) 

h= aa uy = 3; 

o° ¢ 

PasbepHyTad AvinHa L = nw, (R + 7) + Qar. (22-38) 
_ Es, | 
=o (22-39) 


ehs 
J = {2° 9 = 2rW,. 


®3 manc = Wa — Woe Ws Mun = Wy — Wags 


W,, Ha 2-3 BHTKa MeHbIIe wy, 
M 


EJ, 
manc ~ L 2TWs Maxe? M 


EJ, 
Mun L 2RWs sun: 


YuutThipai TpeHHe Mery BHTKaMH, YMeCHbUWIalIoT sHaueHHe M ua 20—30°/,. 


PJIABA 23 


KOHTAKTHbIE CHCTEMbI 


KonTakTHOH cHcTeMoli Ha3bIBaeTCA SzeMeHT peyle, OCYLIeCTBJIAIO- 
IMM ONepalMv 3aMbIKaHHA WAM pasMblKaHUA KOHTAKTOB. KouTaktT- 
Ha CHCT€MA COCTOHT H3 NOABHKHBIX 4YacTeli — KOHTAKTHBIX pblya- 
OB, TPyKHH, HW  HeMOXBHOKHbIX — KOHTAKTHBIX CTOeK, NpyXHH, 
A TaKoKe CaMHX KOHTAKTOB, CKpelJI@HHbIX C STHMH wacTam 


H. 
23-1. OCHOBHBIE NAPAMETPbI KOHTAKTHbIX CHCTEM 


PasmmuaiwT aKcNaAyaTauuoHHbe NapaMeTpbl — pa3pbIBHyto 
mocoOvocTb P, npezesbHO AONycTHMble 3Ha4eHHA Han 


paxenua U,, 
oKa /,), YACTOTY BKJIOUGHH, H KOHCT PYKTHBHbI@— xo KOH- 
|* 
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TaKTOB x, aBeHue Q. Hanexnan pa6ota KOHTaKTHOH CHCTCMbI Np 
3a ANHbIX SKCUMYATAVHOHHEIX NapaMeTpax 3aBHCHT OT lpHHATbIX 
KOHCTPYKTHBHBIX MapamMeTpoB, PopMbl H MaTepHadla KOHTAKTOB. 

IlpH npoekTHpoBaHun KOHTaKTHOH CHCTeMbI CJlehyeT YUHTbIBATb 
He TOJbKO Mpowecc pasMblkKaHHA, HO HW Mpowlece Bkmouenusa. [Ip 
HeyJauHO BbINOJHEHHOH KOHCTPyYKUHH B Mpollecce BKJIOUCHHA HaGuJo- 
waloTcA ABACHHA OTCKAKHBaHHA KOHTAKTOB, BHOpauvu NpyXHH Hu 
IpHBapHBaHuA KOHTAKTOB. 

Paspbipnad cmocoGHOCTh KOHTAKTOB OlpeweiAeTCA yCJIOBHeM Ha- 
jlexKHOrO raweHHnA AyrH, BOSHHKalollel B mpowecce pa3MbIKaHHA KOH- 

TakTOB. Pa3pbiBHy!0 CMOCOOHOCTh XapakTe- 

U,, DH3YIOT YCJIOBHO 


p=vI, 


rie U — Hanpaxkenue cetu, /— TOK B Henly 

jlo MOMeHTa pa3MbIKaHHA. 
Jina KOHTaAKTHOH CHCTeMbI, -o6nanarwiuert 
| onpeyeieHHOK paspbiBHOH cmoco6HocTblo P, 
Ol «= MCT MECTO runepOomuueckad 3aBHCHMOCTb 
Inp U =f (J) (pur. 28, 1). [unep6oma 9Ta HMeeT 
@yr. 23, 1. Xapaxtepny- OrpaHHdeHHA, onpeeJIAeMble 3HAYeCHHAMH. 
CTHK& KOHTAKTHOH CHCTeMBI. U np — MpesebHO WonycTHMoro AA jaHHor 
KOHTAKTHOM CHCTeMbl HallpHxKeHHA CeTH, 
Inp — TpeAeAbHO FONycTHMorO U3 yCNOBHii HarpeBa KOHTAKTOB SHa- 
ueHHA TOKa. 3Hay¥eHHe PB OCHOBHOM 3aBHCHT OT pacTBOpa KOHTAaK- 
TOB X: PallleHve AYrH MpOvcXOAHT B MOMeHT, Kora Ayra pacTArH- 
paeTcd JO pa3MepoB, MIpH KOTOpbIX MpHJIOKeHHOe K KOHTAKTAM 
Hamps2KeHve CTAHOBHTCA HeMOCTATOUHBIM AAA ee nowlep «ania. 
SHauenne x onpefesseTcH pa3sMyHBIMH (akTOpaMH: POAOM TOK, 

HHAYKTHBHOCTbIO Harpy3KH, HallpAxKeHHeM CeTH. 

IIpu pa3ppipe wen MocTOAHHOrO TOKa HeEOOXOAMMO pacTAHYyTb 
Ayry HO BeAHYHHEI, NpH KOTOPOH Halips2KeHHe CeTH 6yweT MeHbLIe 
Hanpaxenua moracania Ayru U,. IIpH mepemeHHoM TOKe, BCwJe]- 
cTBHe oracaHuaA Ayr Mpw Mepexogze TOKa wepes HYvIb, HanpAKe- 
HWe CeTH JOJ2KHO ObITb MeCHbINe HaNpsKeHHA 3axKHrAHMA AYTH U; 
TIpH OnpelesIeHHOK ee TVIMHE. 

Hanpsxenne U, sHayutembuo spe U,,. TlostoMy M8 aHHolt 
KOHTAaKTHOH CHcTemMb! 3HayeHve P yer TMepeMeHHOrO TOKa MPHHH- 
MaeTCH B HeECKOJbKO pa3 OONbIUIMM, YeM IIA NOCTOAHHOTO (CM. HH2Ke). 
Bonpuice 3HaueHve Mp pa3spbipe AyrH uMeeT HHAYKTHBHOCTh Ha- 
rpy3ku. 

Ila weneii nocrosHHoro TOKa HHAYKTHBHOCTb Harpy3KH YCJIOBHO 
OUeHMBaIOT 3HaYeHHeM COS, KOTOPy!O SKCHEPHMEHTAaTbHO ONpedle- 
JIAIOT BKJIOUCHHeM KaTYyIIKH Ha MepeMeHHBIM TOK 50 ey. Ilo onbit- 
HbIM JaHHbIM, MarHHTHbIe CHCTeMbl KOHTAaKTOPOB H pevie ynpaBleHHn 
NOCTOAHHOrO TOKa OOsaqaloT HHAYKTMBHOCTHW, XapakTepH3ylollelcs 
ycloBHo cos p = 0,1 -:-0,15. | 

B autepatype NpHBOAATCA SMNHPHUeCKHE 3aBHCHMOCTH Us =f (Ila), 
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rye fo—jAauHa fAyru. Ognaxo Bs stux SaBHCHMOCTAX He yu4TeH 
pax akTopos, BAMAIOMMX Ha Pa3pbIBHY!O CNOCO6HOCTh KOHTAaKTOR. 

HACTOAIEMY BpeMeHH He MpoBeeHbI TaKxKe CHCTEMATHYeCKHe 9Kc- 
NePHMEHTAaJIbHbIe paOoThl, Ha OCHOBAHHU KOTOPbIX MOXHO ObWIO 6bI 
YCTaHOBHTb JaHHble AA pacuera. 

Hye npupogatca aia HJIJUOCTPalHH ONBITHbIe JaHHBe no ot- 
ACJIBHBIM KOHCTPyKUHAM KOHTAKIHbIX CHCTeM. 

1) PacrBop kontakrTos x = 0,5 mM; pa3sMpikaHve wennw noctTosn- 
Horo ToKa 2206; 15 em: COS ¢ = 0,1. 

2) Koutaktp! KoOBBIX peste x= 0,6--1,2 um; 

MaTepHad —~ cepe6po; 
MpeneAbHOe HanpsxKeune U,,, = 220 ¢; 
NpeJeIbubIH TOK pasppiBa Lap — 3.4; 
PaspbIBHaA CNOcoOHOCTh — NOcTOAHHbI TOK — 80 6m; 
| TIeEPpCMeHHBIN TOK — 400 ern. 

Yka3aHHble JaHHpe OTHOCATCA K cydaam pa6oTb) pene c manolt 
yacToTOH. IIpH pa6ote pene c 6oabu0f YACTOTOH peKomeHayetca 
YMCHbUIHTb 3HayeHve P jo 50—70% NIPHBEACHHbIX NaHHbIx. Jag 
yAyuileHHA pa6oThl KOHTaKTOB mpuMensetca ACK poracHTeJbHbiti 
kouTyp: C=0,5 mux@, r= 5 om, SHaWTeNbHoe yayumenue pa6ortn! 
KOHTA@KTHOM CHCTeMbI ‘loslyyaeTcA pH 3ameHe MaTepHasia KOHTAaKTOB: 
BMECTO CepeOpa cCTaBAT MeTasoKepamuyeckue. 

3) KontakTp! pee YUPaBAeCHHA, HCNOJIHAeMbie B BHJe KOHTAaKT- 
HbIX MOCTOB C ABYMA NOCJeOBaTeNbHO BKWHOUAeMBIMH pa3pblBaMn. 
XOX KOHTAKTOB — 3—4 wm. Jlapnenue B KOHTaKTax — nopsyKka 100— 
125 7. | 

/laHHble pasppIBHOl cnoco6HocTu MpH WHAYKTHBHOH Harpys3xe. 
Tloctosunpiit Tox: 110 6—2 5a: 


220¢—1 a; 

500 ¢— 0,5 a. 
Tlepemenupiit tox: 220 ¢—20 a: 

380 ¢— 20 a. 


Munumaapuoe 3Hayenne pacTBopa KOHTaKTOB. [Ipu KOMMYTHDo- 
BaHHH KOHT&KTaMH pesie HeOObIUHX 3HayeHHT TOKOB — nlopayKa Je- 
CATEIX JONeH amnep — MoxkHO NpHHuMaTD HeOonBUIHe SHaYeHHA pac- 
TBOpa KOHTaKTOB. IIpu npoexTrupoBanun ObIcTponelicTByomHx 
BbICOKOUYBCTBHTEJIbHBIX pene JOBOAAT BeJIMYHHY X JO MHHMMyMa. 
Tak, B TeneOHHEIX NOAPH30BaHHBIX pee 3HaueHHe x NpHHuMaIOT 
nopagKa (0,05—0,1) 4. [pu ycranopnenuy s3nayenua x cHlenyer 
YYHTBIBATh BOSMOMKHbIE KOMMYTALLHOHHbIe NepeHalipaxKeHHA B LenH 
nocToAHHOrO ToKa. IIpw oTkmoyeHHH MOLIHBIX 3JIEKTPOMarHHTOB 
BOSHHKAaIolee MPH STOM HanpsxKenne E =— 14 OCTHFaeT BhICOKHX 
sHaueHHi. B taxux wenax Ha6monariotca cayyau mpo6oa KouTaxt- 
HOPO NpPOMexKYTKa WH CBA3AHHOFO C STAM HenpaBusAbHoro cpa6OaTpiBa- 
HHA. 

TipowHocTh w30nauHH Kaxnoli SNEKTPHYeECKOH yCTaHOBKH Mpose- 
PHCTCH HCNbITATCIBHBIM HalpsKeHHeM, B HeECKOJbKO pas 6onbuum, 
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yem padouee. Hwxe MpHBOAATCA ONBITHBIC FaHHEle AA ycTaHoBiie- 
HHA Xun B 3ABHCHMOCTH OT BeJIMYHHbI UCHbITATeJIbHOFO Hap AKeHHA. 
U,, xe 0,8 1,2 19 2 


Xuwe 9 195 0,25 0,5 0,6 

Jlapnenve B KOHTAKTAXx. HarpeB KOHTAKTOB 3a4BHCHT OT BeJIHYHHbI 
[QKOYJIEBLIX MOTepb B NepexXOAHOM conpoTuBseHHn r. Jlomyckaemaa 
no TOCT npenenbHad TemmepaTypa HpeBbILleHlsy 70°. I[lepexoyuoe 
CONpOTHBeHHe 7 3aBUCHT OT MaTepHala KOHTAKTOB, COCTOAHHA UX 

lOBepXHOCTH H OT JaBJeHHA B KOH- 
. raxtax. Ha curype 23,2 npupeyena 
KpuBad, MoOKasbiBaloujad  3aBHCH- 
Moctb r =f (Q) AJA KOHTAKTOB pee 
gapona «KpacHad 3apaA». 
z= f(Q) B cpeaHeM, WIA KOHTAKTOB, KOM- 
MYTHPYIOWHX TOKH MopAAKa Oo 
9--3a, MpuHuMaeTcH  AaBJeHHe 
95-307. B  BblcoKOUyBCTBHTeJb- 
Q Hx pene 3TO MaBeHHe CHHKAIOT 
mo 1+2/7, B pene ynpaBJeHua 
ur. 23, 2. 3apucumocTh mepexog- C KOHTAKTAMH, KOMMYTHP VIOUHMH 
HOrO CONPOTHBJICHHA OT JaBJICHHA. TOKH nopagaKa 10 @ — NOBbILUAaIOT bike) 
100-+- 1507. 

[Ipu KOMMyTHpoBaHHH TOKOB NopAAKa la u BEIWIe HeOOXOAHMO 
BLINOJHATh KOHTAKTHY!O CHCTeMy Tak, UTOObI! B MOMCHT COMPHKOC- 
HOBCHHA KOHTAKTOB aBJeHve NOJyuasOcb onpezesieHHOH BeJIHUHHBI, 
a He Hapacrano oT Hyan. Onpemesetca STO YyCuOBHE HeOOXO/JIH- 
MOCTbIO YCTpaHeHHA MPpHBapHBaHHA KOHTAKTOB, KOTOPOS MOKeT T0- 
nyyuTeed Tp Q, 20 H OOMbUIOM 3HayeHHH F. 

B KOJOBbIX pele 93TO yCoBHe AocTHraeTca ycTaHOBKOM IIpyXHH 
HeTOABHXKHbIX KOHTAKTOB C MpeABapHTesbHbIM HalipAyKeHHeM (cbur. 
93,7), B ycTpoficrBax MOCTHKOBOrO THNa, NpyKuHa 7 co3qaeT Ha 
MOCTHKe IIpeABapHTeJbHyIO CHJly HaxKaTHA Q, (pur. 23, 19). O6prmHO 
Q, IPHHHMaloT paBHbIM NpHOMMSHTeENbHO MOJIOBHHe KOHeYHOrO JaB- 
JI@HHA B KOHTAKTAX. 


0 


23-2. CNOCOBb] YMEHbUWIEHHA HCK POOBPA3OBAHH A 


Jlyra, oOpas3yiomjanca Ha KOHTAKTaX, NPHBOANT K HX nopue, 
HosToMy, B cJly4aaX, KOrAa KOHTAKTaM NPHXOANTCH Pa3pbIBaTb OOJIb- 
He MOULHOCTH WH MpH Oobwlok wacTOTe cpa6aTblBaHHH TpHMeHAIOT 
HCKYCCTBEHHbIe CpeCTBa AIA YMCHbIUeHHA Pa3sMePOb nyrn. I[lpume- 
HACTCA Ba OCHOBHBIX MeTOJa: LIYHTHpOBaHHe WHAYKTHBHOCTH Pas- 
pbIBaeMOll We WIM LWYHTHpOBaHHe KOHTAKTOB. B o60ux cyuaAx 
MarHHTHad 9HeprHsA KHAYKTHBHOM Wenn pacxoAyeTcA B OCHOBHOM He 
B wyre, a B UYHTHpylouem YCTPOHCTBE. 

LiyHTMpopanve HHAYKTHBHOCTH WenH (pur. 23, 3a, 0, Cc). Takue 
CXEMbI PUMEHHIOTCA OTHOCHTEIbHO peAKO, TAK Kak Ly HTH poBaHHe 
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KaTYIUKH SJI@EKTPHYCCKHM COMPOTHBJIeCHHeEM, eEMKOCTbIO HH BbITIPAMH- 
TeJIEM H3MCHHET BpeMa ¢, OTMYCKa AKOpA. 

lilyHTHpoBanHe KOHTaKTOB (ur. 23,3d). Han6onee yacto npu- 
MeHACTCH CX€MA C EMKOCTHIO, NOCMeLOBaTebHO C KOTOPO! cTaBUTCH 
COMPOTHBNeHHe 7; SHaYeHHe C npHHuMaloT nopsgKa 0,5-+-2 MK). 


> © @ 


@ @ 


®ur. 23, 3. Cxemun. 


Jina onpejeienua MMHMManbHOrO 3naueHua r NOJIb3ylOTCA (POpMy Jol 
Kptorepa 
U2 

r= ay : 
rye U — HanpsKenve Ha KoHJeHCaTope, a— NOCTOAHHAaA, 3aBHCAMAA 
OT MaTepHasia KOHTaKTa. Jina cepe6pa a= 140; naaTHHpt—aq = 
== 180-200. na wyHTupopaHua KOHTAaKTOB KONOBbIX pele NpHme- 
HAloT OObINHO: C = 0,5 uxd. 


23-3. BABPALIHH KOHTAKTOB 


IIpu ouewke pa6oTsl KOHTaKTHEIX CHCTeM Goblioe BHUMaHHe 
YACMACTCH TAKKE TIPOWeCCyY 3aMbIKaHHA KOHTaKToB. B npowecce sa- 
MbIKaHHA HMeeT MECTO ABJIeHHe yaapa, onpefesimemMoe HaJIH4veM KH- 
HETHYCCKOH SHEPHH NMOABHXKHBIX KOHTAKTHbIX yacTeH. IIpu yfape 
MOXKET NOMYUNTbCA OTCKAKHBAHHE NMOABAXKHOLO KOHTAKTa C pa3- 
PHIBOM enw WH BHOPaHA NpyKWH NOABMKHOFO KOHTAKTA. 

Hcceqopanve sBneHuii, npoucxo_AMHX B MOMeHT yapa B KOH- 
TaKTHOH CHCTeMe, MpousBosuTcA ocunAOrpapom (cM. CxemMy Ha 
bur. 23, 4). KoutakTramv pene 3ambikalor wenb nocTosHHoro TOKa 
HHSKOrO HalpsKeHHA — NopsaKa 4¢. Tpw sxmouesuu yenn xa- 
TYWIKH cpaOaTbiBaeT pene. 

Ha qurype 23, 5 nokasanet mpumepnsie OCUHIJOrpaMMbI TOKa, 
poTekatolero B WeNH KOHTAKTOB B MOM@CHT HX BKJIIOUCHHA: 

a, 6 —npouecc nponcxoguT 6e3 oTCKakHBaHHi yAapos; 

C— HaOlogaetca ABIeHHe OTCKaKMBaHHa; 

d—wHa6mofaetca aBnenne BHOpauwh KOHTaKTHOH MpyKHHBl. 

sIBeHHA OTCKAKHBaHHA KOHTAKTOB H BHOpauwHh mpyXHH BecbMa 
HeKENATCIbHbI, TAK KaK MNPHBOAAT K YAJIMHEHHIO Npouecca 3aMbiKa- 
HHA Wend, a B pAwe ciyyaeB K SHAYHTebHOMy NOsTOpaHHio KOE- 
TAKTOB. 
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B mutepaType MpHBOAATCH aAHAJIHTHYeCKHE COOTHOWEHHA QA 
OMpeleseHHA COBH yCTpaHeHHA yKa3aHHbIx aBaeHni. Ilpaxru- 
yeCKOrO MPHMeHeHHA 3TH COOTHOWeHHA He NOY, Tak Kak TpH 
BHIBOMe 3THX COOTHOWEHHH He YYTeHbI yCOBHA paOoTbl KOHTaKTHOH 
CHCTeMBI, ONPeAeJIAIOULHe B OCHOBHOM BOSHHKHOBeHHE ABJICHHA OTCKa- 
KHBaHHA H BuOpauuh. Tlostomy Mmpv MpoOeKTHpOBaHHH KOHTAKTHbIX 





f 
a 
Mur. 23, 4. CxeMa JWI HCCMEROBA- @ur. 23, 5. OUcuwsiorpaMMbl pa6oTbt KOH- 
HHd pa6OTbl KOHTaKTHOH CHCTeMbI: TaKTHOH CHCTeMbI B MCMeHT BKJIOUCHHA. 


1, 2—wwelds; B — BbIKMOUATeb. 


CHCTeM TIOJb3ylOTCA OOUIMMH MpakTHYecKHMu coo6paxKeHHAMH, KOTO- 
pble UPHBOAATCH HEE. 

Cnoco6bl ycTpaHeHHa ABJeHHH OTCKAaKMBaHHA Hi BuoOpauni. 

1) [IpumeneHue ycnokouTeseH, B BUTE NemMm@upyiOuluX YCTPOHCTB, 
CBASAHHBIX C NOXBHIKHOM wacTbIO KOHTAKTHOM CHCTEMBI. Takoli crio- 
co6 Hchob3yeTCA B HHAYKIMOHHbIX 
JUCKOBbIX pewie: B CHCTeMe ycTa- 
HaBJIHBalor MOCTOAHHbIe MarHHTHl, 
Movie KOTOPbIX HHAYKTHPyeT B AHCKe 
pH ero BpalieHHH BUXpeBble TOKH. 
YcnokouTeH He OJDKHbI TpyMe- 
HATHCA B ObICTPOMeCHCTBYIOULUX pede, 
Tak Kak MIpH HaNHYHH yCMOKOHTe- 
neti yMeHbINaeTCA CKOPOCTb cpada- 
Mur. 23, 6. YcerpolictBo HenosxBHuxK- TbIBAHHA. 

HOrO KOHTaKTA. 2) KoutTakTHad CHcTeMa HCMON- 
HAeTCA Tak, TO KHHeTHYeCKAad 
9HEPrHA NMOABWKHOM YaCTH NOrwowlaercs HeNOJBHKHOH. . 

Ha qurype 23, 6 npuBeyeH MpHMep Takoro ycTpolictpa. Heno- 
BIOKHIM KOHTaKT HCNOHAeTCA B BH nook Tpy6KH (3), yCTaHOB- 
neHHol C HeOObIIMM YKsIOHOM Tak, UTOODI WiapMk (2) pacnosaravica 
Beerfa y MemOpaHbl. IIpn yaape NOABHAHOrO KOHTAKTa BCA 3HeprHa 
JIBIXKeEHHA TepegaeTcA yepes PHOKHe MeMOpaHbl WaplKy, KOTOpbIM 
OTCKAKHBaeT C OMIpeeICHHOM CKOPOCTbIO, a 3ATEM MeJVICHHO BOSBpa- 
ilaercad B HCXOAHOe MoOMowKeHHe. Pasmepbl lWapHKa nosqOupalorca 


hb 
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SKCIICPHMeHTaJIbHO. B BbINOJHEHHBIX ObICTpOJeHcTBYIOWIHX HHAYK- 
UHOHHbIX pele Myulee peilleHHe nNowyunsoch Npu OG =9 mm. 
3) Henogpwxkupiit KOHTaKT HCHOJHAeTCA B BHXe NpyXKHHbI Cc mpel- 
BapHTeJIbHbIM HaTaxKeHHeM (ur. 23,7). J[warpammMa pa6oTni KoH- 
_TaKTHOH CHCTeMbI mpHBeyeHa Ha cburype 23, 8: NOABH KHIM KOHTaKT 
NOAXOLUT c CHIOH Q,, COBMECTHOe NepeMenleHve OGOHX KOHTAKTOB X; He- 
NOABHXKHbIN KOHTAKT WMeeT CHJY Qyo NIpeCABAPHTe/IbHOrO HaTAKeHHA, 


Q 8 





Mur, 23, 7, UcnonneHHaA KOHTAaKTHBIX CHCTeM. @ur. 23, 8. uarpamma 
padornl. 


*KECTKOCTh IIpyKHHbI XapakTepu3yertca suHHeH AB, Inomagka ocDE 
COOTBeETCTByeT pa6oTe Q,x, KOTOpanh 9KBHBaAJeHTHAa KHHETHYUeCKOIt 
SHeEPrHH NOABMXKHOFO KOHTaKTAa. Jina NorvomeHuA STOM SHepruu Ha 
NyTH ¥ HeoOxogumo, stoop naomagka OABE = ocDE. 


: 
= CoS 
a! f@ “ 
Mur. 23, 9. UcnonHeywe KOHTaKTHOH @ur. 23, 10. UcnonHeuue KOH- 
CHCTeMBEI. TaKTHOH CHCTeEMbI MOJIAPH30- 


BaHHbIX pele. 


Takum 06pa30mM, MpH ompezeueHHOH xKeCTKOCTH MpyXHHbI Heno- 
JBHXKHOrO KOHTaKTa, TpeOyeTcH HamHuHe MpeABapvTesbHOTO HaTa- 
%KeCHHA STO NPYKHHBI Qyo. BbinOHAIOT KOHTAKTbI Tak, YTOObI MO2KHO 
OblIO peryIMpOBaTb 3HayeHHe Q,,. BHHTOM (ur. 23,7 a) unu nogzru- 
60M pyxHHb! (cur. 23, 7 5). 

4) HenogBaxHplh KOHTaKT KeCTKHH, NOXBHXKHBIK yKpelwieH Ha 
MpyxHHe MaJiOH mwKecTKOocTH (dur. 23,9). Oro wcnomHeHHe BCTpe- 
yaeTCA B BbICOKOYYBCTBHTEJIbHBIX ObpicrpomelicTByroulnx pee. B Takux 
pele MOABHKHaA KOHTAKTHaA NPyXHHA UCNOMHAeCTCA TOJMIMHOH M0- 
pagka 0,15 wm, 4 B Mpouecce 3aMbIKaHHA KOHTAKTOB Takad py KuHa 
BHOpupyer. Jia ycTpaneHua BHOpaunh HeOoOxORHMO OKeCTOUHTb 
npyxnHy. PanuoHasbHoe pelieHHe nosJyyeHO Mp BbINOHeEHHH Opy- 
*KHHbI C BbIZaBKOH B CpefHeH ee YaCTH, KaK STO NMOKa3aHO Ha PHCyHKe. 

5) AcnomHeHve KOHTAKTOB AByXCTOpOHHero JeficTBuA (cur. 23, 10). 
Taka KOHCTpyKUMA BBINOMHAeTCA B NOJApPH30BaHHbIx pevie. JIpe 
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MpPyXHHbI NOABHKHOTO KOHTaKTa 3aKaHYMBalOTCA B BHAe MIOCKHX 
nviowlayqok, NpHxKUMAaIOWUxcA Apyr K Apyry. B mpouecce BkKJo4WeHHA 
ONHOrO H3 KOHTAKTOB KHHeTHYeCKaA SHEPrHA CHCTeMbI NOrouaerTcs 
pa6oToH cHJI TpeHHA B NOMlawKax pH NepemeleHuu OJHOH H3 HHX 
lO OTHOLWWEHHIO K ApPyroH. 

6) NlogpyxKHbId KOHTAKT HMeeT BpallaTebHOe ABH KeHHe (Hr. 
23,11). BTakom HcnoJIHeHHH NOABHXKHbIA KOHTAKT C HEKOTOPbIM Tpe- 
HHeM 3aXO2HT B 30HY HenogByKHOrO. Bo3sHNkalollve B MOMeHT 3a- 
MBIKaHHA CHJIb! yapa CTpeMATCH OTOpPOCHTb NMOABHXKHbIM KOHTAKT, 

HO pa3pblBa Wem He MpOHCXOAHT, 


y Quo TaK KaK HalmpsiKeHHbIH Heno- 
JBHXKHbIM KOHTaKT Nepemeiaetcn 
cS : = — COBMe@CTHO C NOJBHKHbIM. 
va | 


Z, 23-4. KOHTAKTDI 


IIpH mpoekTHpoBaHHH KOH- 
ur. 23,11, Hcnonnenne xKoutaxtao TAKTHOM CHCTeMbI YUHTbIBaeTCH 
CHCTeMBI. MaTepHaJl, (OpMa HW pa3sMephi KOH- 

TAKTOB. 

Matepuaa KOHTaKTOB. Cpok caykOpl H H&aexKHOCTb pa6oTbl KOH- 
TAKTHOH CHCTeMb! B 3HA4UHTeJIbHOH CTeNeHH 3aBHCAT OT MaTepHavia, 
M3 KOTOPOrO H3rOTOBJIeH KOHTaKT. MatepnHas BplOupaeTcA B 3aBHCH- 
MOCTH OT IIPHHATOFO MaBNeHHA B KOHTAaKTax, a TakKe OT yCAOBHA 
pa6oTbl NO "aCTOTe BKJIOUCHHH HW pa3spBIBHOH MoULHOcTH. Bowpioe 
BHHMaHHe yileineTCH U3HOCOYCTOMYHBOCTH KOHTaKTOB. Pa3spyulenne 
KOHTAaKTOB ONpeesAeTCA CeEAYIOUIMMH akTopaMH: 

Mexanuueckuti u3H0c Nosmy4aeTcaA BCeACTBHeE yapoB NOABHoKHOrO 
KOHTakTa O HeNOJBHXKHbDIN; HpH YwacTOH padoTe KOHTAKTOB MW ph 
OO/IbIIOM JaBJIeEHHH MPHMeHAIOT MaTepHaJibl OobLIOH TBePAOCTH H 
Me@XaHHYeCKOH MpOdHOCTH — BOJIb(ppam, NwaTHHy, ApH. 

Xumuveckull Uu3HOC — KOPpo3HA — NomyyaetcaA BCJIEACTBHe OKHC- 
NeHUA MaTepHaJia MpH BbICOKHX TemnepaTypax H OTNAaAaHHA NHeHKH 
B MOMeHT yapa. Jia yMeHbIUeCHHA KOppO3HH KOHTaKTOB NPHMeHAIOT 
nlaTHHy H ee CIaBbl. 

Jaekmpuyeckutl u3H0C — 3ppo3HA — BbIpakaeTcA B MepeHoce Me- 
Tala C OMHOFO KOHTakTa Ha ApyroH c OOpa3soBpaHHvem Oyrpos, Kpa- 
TepOB H MOCTOB Me@KAy KOHTaKTaMH. MHHHMaJIbHbIM 9eKTPHYeCKHH 
H3HOC HNoOsyyaeTcA Mp MaTepvawax Cc BbICOKOH TemnepaTypou niaB- 
JIGHHA — BObipaM, MeTaJJIOKepaMH4ecKHe KOHTAKTHI. 

MatepHasibl Aid KOHTAKTOB JOJDKHbI ObITb TBEPAbIMH WH MeXaHKH- 
YeCKH MPOUHbIMH, YCTOHYHBbIMH IIPOTHB SppO3HH HW KOPPO3HH, AOJKHbI 
o61aaTb BbICOKOH TeNnJO- H 3IEKTPOMPOBOAHOCTbIO, Jerko OO6pabatTpl- 
BaTbcd. B coppemeHHOH MpakTHKe NpPHMeHsAeTCA Oo/IbWiCe YHCJIO Ma- 
TePHAaJIOB, B TOH HAH WHOM CTeNeHH yAOBJIeETBOPAIOWHX NepeuvcseH- 
HbIM Tpe6oBaHunm. HanGonee xXOXKHMH H3 HHX ABJIAIOTCH: cepedpo, 
wlaTHHa H ee CMWaBbl, BOJbdpamMbl H KOMNO3HUWH H3 ABYX HAM He- 
CKOJIbBKHX MeTagioB. Hoke NpvBOJHTCA KpaTKaA XapakTepHcTHKa 
NepeyHCJICHHbIX MaTepHaJioB. 
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Cepe6po-—uHan6ouee jellesnii u3 mpymellseMbix MaTepHavios,. 
NerKO OOpabatbipaetca, OOaqaeT XOPOWHMU CBOLCTBAaMH B OTHOIIe- 
HHH SJIEKTPO- H TeIJIONpOBOAHOCTH. K HegocTaTkaM cepe6pa oTHO- 
CATCA MaJlah TBEPAOCTh, CKJIOHHOCTh K OO6pa30BaHHIO Ayr Hu, KaK 
CJIENCTBHE, HEMOCTATOUHAA CTOHKOCTb B OTHOMIeHHY Spposun; cepeb- 
PHHbIe KOHTAKTbI NOPTATCA B aTMocdepe cepoBoropora, NpH KOTOpoM 
oOpa3yetca cybHAHAaA MWieHKa, pe3KO MoBbllllaomas nepexoyHoe 
CONpOTHBeHHe KOHTaKToOB. Cepe6po mpHmeHseTca JIA KOHTAKTOB 
C Je€rKHMM YCJIOBHAMH padoThl MW pH AaBMeHHAX NopagKa 5 uw pwuue. 
He pekomenjyeTca MpuMeHATb cepe6po B KOHCTPyKUHAX, HMerONHx 
SOOHHT, BYJIKAHH3HPOBaHHy!0 pesHHy, mposoga c PeSHHOBOH H30/5s- 
Hen. 

IT~amuxa—B Bo3qyxe He KOppogupyeT, o6manqaeT NoOBbIWeHHOL 
NO CpaBHEHHio C cepeO6poM CONpOTHBJIAeMOCTLIO 9ppo3HH. V3-3a He- 
AOCTATOYHOH TBEPAOCTH peAKO NPHMeHAeTCA B UNCTOM Bue. O6nactTb 
eo ee YCNOBHA paOoThl, MpH AaBeHHAX HopsyKa 
1—oT. 

Haamuna-upudud. rot cnaaB Takxe He oKHcasetca. Xopono 
NPOTHBOCTOHT AyrooOpasoBaHMio, OOMaqaeT BbICOKOM TBEpPOCTHIO UH 
NOAMaeTcA, pH cosepxKaHHH upHAMA no 30%, mexannueckoll o6pa- 
Gorke. CnaB MaTHHa-“pHaAW mpumMeHAeTCH MA MAJIOMOLLHBIX 
KOHTAKTOB, @ TaK%Ke JIA MOUHbIX MpH Ooubuloh yacroTte cpaG6atTbl- 
BaHHi. 

Boaspam BecbMa TBepA, He CBapHBaeTcA H He H3HallHBaeTcCA 
MeXaHH4eCKH, HO HMeeT OKHCHYIO IleHKy, BCeMcTBHe Yero TpebyeT 
NOBbILICHHbIX JaBJeCHHH B KOHTaKTax. O6blyHO 4HCTHI Bombdbpam 
(99,5--99,8%) mpymMenseTca B KOHCTPYKUHAX C  NOBBILUeHHBIMH 
AaBJCHHAMH B KOHTAKTaxX (He MeHee !00/) npu TarKenbIx ycao- 
BHAX paOoTbl— OoMbWwOH MONIHOCTH AYrH H YaCTOTHI cpa6aTEIBa- 
HHH. 

Komnosuyuu. B nocnequve rogp wiupoKoe npumeHenne nowly-: 
WHJIH KOMNO3SHUHH, Yale BCero JByX@a3uHbie, HanpuMep, cepe6po — 
MONHODeH, Cepe6po —rpaut uv yzpyrue. Jia KOHTaKTOB pee are 
BCErO NPHMCHAIOCT KOMNO3HUHIO Cepe6po — oKHCcb Kaymua (TOCT 3884— 
47), B KOTOpoH pomb ToKoBexyuleli cocTraBrsiomeli HrpaeT OCHOBHAaA 
Macca — cepe6po, a polb TyronmaBKolt — OKHCb KagMua. 

BewleqcTBve HECIaBAAeMOCTH COCTAB/IAIONLUX KOMMO3HUMA H3ro- 
TOBJIA€TCA MeTONAMH MeTaJIJIOKepaMHKH: MOPOWOK, CMeWAaHHbI B 3a- 
AAHHOM COOTHOICHHH, NpeccyeTca B CTaJIbHbIX NpecctbopMax B BHAe 
KOHTaKTOB TpeOyemMOH (OpMbI, NOMyYeHHAaA eTab MPOXOAHT BBICO- 
KOTeMNepaTypHbIM HarpeB AIA CNeKaHHA COCTAaBJAIOWIUX, 3aTeM Ka- 
mMOpyeTca JONOMHHTeIbHBIM O6>KHMOM B Mpecctpopmax uM oTKuraeTcA 
AJA CHATHA Haksena. OOnacTb NpHMeHeHHA KOMMO3HLLHH cepe6po — 
OKHCb KafMHA — KOHTAKTHBI€ CHCTeMbl C MOBbILICHHOH pa3priBHor 
MOUHOCTbIO. MuHuMalbHOe Tpe6byemoe yaBeHHe Ha KOHTakKTax — 
nopazka 30—40 IL. 

B ta6uue 33 npHBOAATCA OCHOBHbIe AaHHbIe HavOouee XoMKHX 
MaTepHaJIOB WIA KOHTAKTOB peuie. 
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Tabauya 33 


Musnyeckue cBolicTBa HEKOTOPLIX MaTePHaJOB Aid KOHTAKTOB pee 


ean ncn rn 


Tem- 





TBep- Tenuo- 
goctn | @©P@" | nposos- sles Y geub- 
MatepHail Conepxanne no Es HOCTb, pad ‘ Hb 
Bpu- em ; Bec 
PY |nenua, om-cm- 108 
HeJHO |" “oc om °C 
a 
‘Cepe6po..... — 25 961 | 4,16 1,58 | 10,5 
IlnatHHa. .... — 50 | 1773 | 0,7 10,5 21,4 
CnuiaB miaTHHa — Jr 10% 150 | 1780 | 0,31 24,5 21,6 
HpHoHH . we. 20% 230 | 1815} 0,175 30 Zi, 
25% 270 | 1840 33,5 — 
30% 310 | 1890 35 21,8 
Bonpbpam ... . — 350 | 3400 1,68 5,32 19,1 
Komnosnuna  ce- |OK—12(CdO—12%)) 40 2,9 9,6 
pe6po — OKHCb 
Kammua =... . (OK—15(CdO—15%)) 55 3 9,4 


B npakTWKe MpHHAThI Cle@yloune NOJIOKeHHA MIA BbIGopa MaTe- 
pHaJia KOHTAKTOB: 

1) Masble JaBsieHiA — 1—3 Ff — naatuna; 

2) naBieHia 5—100/, Masaa uactota cpa6aTpiBaHul,— cepe6po; 
@ 3) gapnenve 30—100 , 60JIb- 

Wad uacToTa cpadaTbiBaHHl,— Me- 
SS ”_—Ss=s TasoKepammyecKHe KOHTAKTHI. 
— es ee 4) yapnenve Gonpue 100 /, 

Mur. 23, 12. PopMbl KONTAKTOB. Oombuand yacToTa cpadaTbIBaHiA,— 

BOJIb(ppaM. 

@opma KouTakTos. IIpu Zapnenuax no 30—40 lr ayumee peme- 
Hue MOyuaeTcA MPH MpHMeHEHHH IMJIOCKO-OCTPbIX Map KOHTAKTOB 
(bur. 23,12): onMH KONTAKT uMeeT KOHMUeCKyio Popmy, Apyrou no- 
ckyio. IIpu TaKoM HCMOHeHHH MOyyalOTCA MOBbILEHHbIC yAeJIbHbIC 
aBeHHs B KOHTAKTaX, a Takake OGmeruaoTCA yCOBHA COOPKH, Tak 
Kak ycTpaHAeTcA HeOOXORHMOCTh 














TOUHOM YCTAHOBKH KOHTAKTOB TiO Tabauya 34 
oie OCeBOH JIMHHH. Pasmepbi cepeOpaHbIX KOHTAKTOB 
B cucTemax Cc jaBJIeHHAMH 
6ompuie 380—40 7 npHMeHsaloT I np, Tluamerp, | To.muina, 
(OpMbl KOHTAKTOB: NosyWap — ae eae — 
NMOCKOCTb, MJIOCKOCTb — MJ10C- 
KOCTBb. | no 3 1,0 
Pa3mMepbl KOHTAKTOB 3aBHCAT 1—5 » 6 1,5 
OT BeEJIHUMHbI WpesesbHO AONycTH- 5—10 » 8 2,0 
10—20 "pe 3,0 


moro ToKa /,,, (cM. Ta6unuly 34). 
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Pa3smeput MCTaJMOKePaMHYeCCKHX KOHTAKTOB 
(OK12 w OK15) (ur. 23, 17) 


ivametp, mm 5 6 8 10 
J nuTe1bHO-ONyCTHMbIE 
TOK, amlmep.... . 10—15 15—~-25 25—50 50—75 


PasMepbl KOHTaKTOB M3 CNaBa: 1aTHHa — HpHAHi 
HJM 43 BONbippama, [yy = 5 a 


Uactora 
pxniouenua 7° 8000 8 Munyty >8000 B MuHyTy 
Zlnametp, mam . 4 5 
TomULHHa, MM. 1 ,5—2 9 


Bonpocbi TexHonorun. KouTakTbl IpHKpenJIAiOTCA K APYryM JeTasam 
KOHTAKTHOH CHCTeEMbI pacKJeMKOH, MIOTHOK nocaakol u NipHBapKou. 
a) [Ipu KpenmenHu cepeOpsubix KOHT@KTOB Ha KOHTAKTHBIX Mpy- 
*KUHAaX TOMMAHON 0,15 — 0,4 wm npuMeHAetca packsenka (cur. 23, 13). 


== @ 
© 


: : 
@ur. 23,13. Kpennenne KonTakToB 
Ha IpyKHHax. 


Gicoeae (oo 


Mur. 23, 16. Kontaxtupli mocruKk: 
@ — C NpHBapeHHbIM KOHTAKTOM; 


b, ¢ — 7O MNpHBapKH. 


es Ge ee 


ur. 23, 14. Popmbi 3aksenoK. 


@_ 
: ( 


@ur. 23,15, Kpennenue KOHTaKTOB 
Ha BHHTax: 
@ — BaBsHBaHHeM; b ~ NpHBapKoH, 


eee ee 
ans ey eee 


@Mur. 23, 17. Uecnou- 

HeHHe MeTavIIOKepa- 

MHYeCKOrO KOHTAaKTa 
OK12 u OKI5. 


6) B psge cayyaeB KOHTAKT BbINOJHAeTCA B Bue 3aknenku 
(pur. 23,14) uM WenuKOM H3 MaTepHasa AIA KOHTaKTa, Hanpumep 
H3 cepeOpa, HM C OCHOBOH U3 AaTYHH C MpuBapKoH cepeOpa, mua- 
THHbI H ApyrHX MaTepHasoB. SaksenKa 3aKpenAeTcA B KOHTaKTHOM 
BHHTe HJIM MOCaQKOH C HaTATOM, HH MpHBapKOH B CBapO4¥HOM arpe- 
rate (dur. 23, 15). 

B) [Ipuxpensenue KOHTaKTOB K NOJBHKHbIM KOHTAKTHbIM NacTHH- 
Kam (bur. 23, 16) ocymecTBaeTca cBapKoi. 

r) MetaasokepamMuyeckHe KOHTAKTbI HCMOJIHAIOTCA Yale BCero B 
BHJe WwaCTHHOK (pur. 23,17) c ocHOBaHHeM H3 JaTyHu. Takas Mla- 
CTHHKa NpHBapHBaeTca cepeOpaubim npunoem [1ICp 45, dmoc-6ypa, 
HarpeB B CBapOuHOM arperate. 
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23-5. HCHOJIHEHHA KOH TAKTHBIX CHCTEM 


TpeGopanus K KOHTaKTHbIM cucTemamM. Ja o6ecneyeHHA HalexKHor 
pa6oTbl KOHTaKTHO! CHCTeMbI HeOOXORMMO BbINOJHATb ceLyoue 
OCHOBHbIe yCJIOBHA. 

1) TonxKuo 6bitb OGecneyeno ompenenteHHoe JaBnenve Q,. Tlepe- 
XOJHOC CONPOTHBJIGHHE B MOMEHT COMPHKOCHOBeHHA KOHTAKTOB JOJIKHO 
ObITh He3HayHTebHbIM. TlostTOMy KOHTaKTHbIe CHCTeMbI HeOOxOAHMO 
BbINOJIHATh Tak, UTOOb] B MOMeCHT COMPHKOCHOBeHHA KOHTAKTOB HMeJIO 
MecTO HataJbHoe JaBienve Q, OnpejemeHHoro 3HayeHHA. O6nIuHO 
MpHHuMaloT Q, = 0,4-+-0,5 Q,. 

2) JlomKen 6biTb O6ecneyeH JOCTaTOUHbI XO KOHTakToB. Xopo- 
Iiee peleHve nowyyaeTcA MpH UCNOMHEHHH KOHTAKTOB C ABOMHDbIM 
pa3pbipom (ur. 23, 19). 

3) SaMbikKaHve H pa3MbIKaHHe KOHTAKTOB JOJIKHO MpOHCXOAHTb C 
6oubuIOH ckopocThH. [IpuH 3aMbIKaHHH KOHTAKTOB He JlOJIKHO HMeTb 
MeCTO SABJIGHHE OTCKaAKUBaHHA HH BYOpalHH. 

4) Temnepatypa npeBbllueHHA YacTeH KOHTaKTHOH CHCTeMbI He 
OUMKHA ObITh GOMbWe AoNycTHMOH (70°). 

Bo3ppaT KOHTaKTHOM CHCTeMbI B HCXOAHOe NONOMKeHHe. Pa3snuyaloT: 

CuctTeMbl C ABTOBO3BpaTOM, KOra KOHTAKTbI @BTOMATHYeCKH BO3- 
BpalllaioTCA B HCXOMHOe NOVOKeHHE IPH BO3SBPaTe NOABHXKHOH YaCTH 
pee. Takoe HcnoJiIHeHve MPHHATO JIA OCHOBHbIX BHAOB peuwe. 

CHCTeMbI C PYUHbIM BO3BpaTOM — BO3BpaT KOHTAKTHOM CHCTeMbI 
NpOH3BOAUTCA OT PyKH. Takoe HCNOMHeEHHe NPHHATO AVIA TeNJOBbIX 
pele, JIN CHeWHaIbHbIX KOHCTPyKUHH pelle aBTOMaTHKH. 

CHCTeMbI C JHCTAHILHOHHbIM BO3BPaTOM — BO3BPaT OCYLIECTBIAeTCA 
HOCpeACTBOM OOaBOuHOrO BJeEKTPOMArHHTa, BKJIOUaeMOrO Ha PaccTos- 
HUH — JLACTaHLUH. 

@oOpMbl HCIOJHeEHHA KOHTAKTHBIX CHCTeM BeCbMa pa3HOOOpa3Hbl 
H ONpejleIHIOTCA KaK KOHCTpyKUveH peyle, Tak H YyCJIOBHAMH MOH- 
Taka WH 9KCHwWyaTauHu. 

1) Koxmaxmuole cucmembit Kod0eblX peAe ABMAIOTCA HanOovlee pac- 
IIpOCTpaHeHHOM GOpMOM MaJIOMOLIHbIX 9eKTPpOMarHUTHbIX peste. Hc- 
NOJHAIOTCH 39TH CHCTeMbI B BHC OTJCJIbHbIX KOHTAKTHBIX py H3 
H. O., H. 3. HW M-KOHTaKTOB (pur. 23,18). Kasxgoe pesme MoxKeT ObITb 
CHaO%KEHO He€CKOJIbKHMH KOHTAKTHbIMA rpyniiamu (cM. cburypy |, 28, 
rye ycTaHOBJIGHO TpH KOHTAKTHBIX rpynmbi). 

2) Koxkmaxmuole cucmembt perae ynpaeAaeNUn MCTOMHAIOTCA, Kak 
NipaBusIO, C MOCTHKOBbIMH KOHTakTaMH (dur. 23,19): paar P, cBa- 
3aHHbIli C NOABHXKHOH YacTbIO pele, HMeeT THOKYIO CBA3b C MOCTH- 
KOM — ocpeJcTBOM mpyxHHbI n. TlocneqHaad TaBuT c onpeyemeHHon 
culo Q,, — «<BCTpoeHHoe cKaTHe» — Ha WaCTHHKY TIpH pa3s30MKHYTOM 
KOUTaKTe, 4YeM OOecneyNBaeTCA HauabHoe AaBsIeEHHe B KOHTAKTaXx B 
MOMEHT HX COMPHKOCHOBeHHA. 

XO KOHTAKTHOrO MOCTHK€a—xX,, XOX pbluara P fomKeH ObITb 
paBeH xX,+x,. Tlocneqyaad BenM4unHa — X,— Ha3bIBaeTCA NMpOBaJIOM. 
BenwunHa poBasia MpHHHMaeTCA B 3aBHCHMOCTH OT 2KeCTKOCTH f 
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npykHHbl 1. Ecaw sta mpykuHa BcTpoeHa c npezBapuTenbHoli 7e- 
opMaltveli Xs, TO KOHeYHOe MaBIeHHe Ha KOHTAaKTe Q, = j (Xp + Xg). 





ur. 23, 18. Koutaxtuble rpynmbt KOAOBbIX peste. 


Cpegune fanupie: Q, = 50-+75 T, Q, = 100— 150 ©. Hann 3a- 
BOJbI BbITTyCKaloT KOMIVJICKTHbI€ KOHTAKTHbIe CHCTeMbl — KOHTAKTHbIe 
O6JIOKH — COCTOAMMe H3 pANa H. O. UW H. 3.-KOHTAaKTOR. 

p , | 3) K OHMaKmHole cucmemo OGot- 
| (OQ Kowmnaxm Q cmpodeticmeyrouux perae UCOMHAIOT 
P prey B pxe cuyyaep 6e3 2O6aBoUuHpix 
if y  KOHTAKTHBIX NPy2KHH: NOABHKHbIIt 
L KOHTaKT ykpelaeTca Hemocpey- 

x2 CTBEHHO Ha skope (pur. 23, 20). 


ee ea 


| H,3, Konmaxm 
155 
‘2] 
Q 


Pur. 23, 19. MoctruKosnie Mur. 23, 20. Ucnonnenne 
KOHT@KTHbIe CHCTeEMBI. KOHT@KTHOH CHCTeMBI. 


4) Konmaxmnoe cucmemot unOyxkyuoHKNelx peare BecbMa pa3sHoo6- 
a3Hbl. [IpumepHble HcnOAHeHHA NpUBeLeHbI Ha (burypax 23, 7a, 23, 11, 
IpuMepHoe MCNOMHeHHe KOHTaKTHOM CHCTeMbI NOJIApH30BaHHOrO pevie 
puBeyeHo Ha cburype 23, 10. 
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5) I] poizatouue KoHmakme:— ocodaA rpynia KOHTaKTOB, HCNOl- 
HeCHHbIX Tak, TO TPH oMpeyeseHHOM HeOOMbLIOM xofe HakuMaloule;ro 
Ha KOHTAKT WTH(PTa MOMyyaeTCA ONPOKHAbIBAaHHe KOHTAaKTa, Tlepe- 
Meularollerocd Ha Govibulyio BemMuHHy. Takve KOHTAKTHbI€ CHCTEMBI 
NIpHMeHAIOTCA B TeX cJlyYaaX, Kora XO HeBEJIUK 0,1-+-0,2 um 
H TpeOyercA OoONbUIad BeHUHHA PacTBOpa KOHTaKTOB 3-5 MM, 
a TakoKe TOrda, Korga NOABYKHAaAA WaCTb pee MepemelmlaeTcA C He- 

6ObIUOH CKOpOCTHIO. CreqyeT YYHTbIBATb, UTO 
| Tpe6yeManh CHula HaykaTHA Ha WITHpT OTHOCH- 
alle TebHO BeuKa —nopagaka 150-2007. | 
Ha durype 23,21 npuBegen 9cku3 HCNO- 
HeHUA Hpbiralowlero KOHTakTa. CpeqHAA YaCTb 
KOHTAaKTHOH NPY2KHHbI BbIMOIHeHa TaK, UYTO OHA 
quimuHnee KpalHuux. Baarogapa aTomy Bes mpy- 
HHA H3rnGaeTCA HW KOHTAaKT MpPHKHMAaeTCA 
KBepxy. [Ipv HaxkaTHH Ha IpyxXHHy B cpeqHelt 
ee “ACTH LWTHPTOM WwW, IpyxXHHa BHaYase Je- 
(pOpMUpyeTCA HE3HAYHTENbHO, a 3aTeM, IIPH yBe- 
JIMYeHHH XOMa WITHDTa, pe3kKO ONPOKHAbIBaeTCA 
(cM. MyHKTHp). MMerotca HcnoOuHeHHA Mppirato- 
IIMX KOHTAKTHbIX CHCTeM, BCTPOeCHHbIX B repMe- 
THUCCKHH H30JAUMOHHBIM KOpIyc BeCbMa HeOOJIbUINX pasMepoB. Takoe 
HCHOJHeHHe Ha3biIBaeTCH MH KPOBbHIKMWUaATE TEM H BbINYCKaeTca 
HalMMH 3aBponamu nog Mapkol MII. IipumMensetca B page KOHCTpyK- 
uM peje H yCTpOMCTB aBTOMaTHKH. 

6) Pmymuxole KoXmakmbl, B KOTOPbIX 3aMbIKaHHe HJIM PasMblKaHHe 
HMM OCYLUECTBAAETCA PTYTbIO, 3aHTOK B CTeKJAHHYIO 9BaKYHPOBaH- 
HyIo KonGy. Kon6a yKpensnerca Ha MeTasMyecKol cKOOe, CBASAHHOW 


D8 A 
—| 16 be Oe a 7g os a 
29 a 38 


Mur. 23, 22. Dcku3bl pTyTHbIX KOHTAaKTOB, 4a, 220 @. 









Mur, 23, 21. OcKkn3 
mpblraiowero KOHTAaKTA. 





¢ TOABYUXKHOH YacTbIO peste. TpeGyemblit Aid cpaOaTbIBaHHA KOHTAaK- 
TOB yrOJl HakJIOHa KONObl MpHHuMaeTcA NopsAyKa 3— 12° HW 3aBHCHT 
OT pa3MepoB KONOnI (pur. 23, 22), PryTHbIe KOHTaKTbI HCHOJIHAIOTCAH 
yaa cua toKos 4, 6, 10, 15, 20, 30 a, no 220 BowbT, CpoK calyxObl, 
OnpeyseAeMbI YMCOM BKJOUeHHH, WocTuraetT | —2 MHJIIMOHOB. 

PTyTHble KOHTAKTb! OObIYHO MpHMeHAIOTCA B pele H ycTpolcTBa? 
ABTOMATHKH, YCTaHaBJIMBaeMbIX B XHMHYCCKHX MNpPOH3BOJCTBaX, Fy 
MMeeTCH OMACHOCTb BOSHHKHOBeCHHA B3pbIBa OT HCKPb! HIM Ayr KOH 
T@KTOB OTKPbITOrO HCHOJIHeHHA. | 
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23-6. MOCTPOEHHE MEXAHHYECKHX XAPAKTEPKCTHK 


IIpu nmpoekTupopaHuH HM pacueTe peje HeCOOXOAMMO CTPOHTb Mexa- 
HHWeCKHe XapaKTepHCTHKH KOHTAKTHbIX cucTem: Q=f (8) nin M= 
= (8). B o6pmHpix ncnonHeHuax pene Touka NpWIOMKeHHA CHI 
peaKUHH NpyxHH He COBNagaeT C TOUKOH NpHvioxKeHHA 9eKTpOMar- 
HHTHBIX CH. Tlostomy np mpopeweHuv pacueTOB AaHHble cH peak- 
HH NPHBOAAT K TOUKe MpHJIOKeHHA Ha AKOPe 3MeEKTPOMAarHHTHOH 
CHIbl. Haake NpHBOAATCA IPHMepbl NOCTPOeHWA XapakTePHCTHK KOH- 
TAKTHBIX CHCT€M C HOPMAJIbHO OTKPBITbIM (H. 0.), HOPMaJIbHO 3A€KDPBbITbIM 
(H. 3.) H Nepeksiovaloulumca (mM) KOHTaKTaMH. 
B ra6.1nue 35 npHBexeHb! (POPMYVJIbI AIA pacdeTOB MIOCKHX Npy2KUH. 


Tabauya 35 


BermucneHve CHI peakUHH H AetpopMauHit MpyXHHAE NpH pasHbix 
NOAOMKeCHHAX BHeEWIHeEH APHJORKeHHOH CHIBI 


BxHeWUNRA Cuna neunoKwenal Bxreuwsea Cura npunoKena 
6 kowye npyxcunes 6 cpegwed vacmu npy%cuHet 





1) H. o. KOHTAKT (ur. 23, 23). 

SaaHHble BEMHUAHEI: NpyxkHHbl — 43 Pocopucrol 6pouspr. 
l,= 40 um; l, = 34 uM; b,=6 mm; 
b,= 6 mum; h, = 0,35 mum; h, = 0,4 mom. 

XO KOHTAKTOB f2, = 1 mm; HAaYabHOe AaBMeHHe Ha AKOPb y H30- 
JAWHOHHOH NaHKH 3: Q,) = 10 J. KoneuHoe gaBsieHne B KOHTakTax — 
Qo, = 25 I, HatanbHoe HaxkaTHe MpyXKHHbI 2, oTHeceHHOe K/,— Qoy = 

= 12 I’, konHeuHoe 3HayeHve pa6ouero 3a30pa y axops S3 = 04 MM,. 
OTHOWeHHeE med fy K lg paBHO Rg = 1,68. 
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PacueT. 
bhi 
Upyxwup: Jy = wx = 2,15 - 107? wut; J, =3,2- 1077 um. 








fs Po A SAB Ge =. ee r 
E=11-108—,; j= =I yi = ; = 26,4 —. 


Koaspdumuenty (cm. Ta6muuy 35): 


ky = ; = 0.785" has a = 1,26; ks = 1,68 (3anano). 





O ‘# 
Qt 0475 1235 doy 


@Mur. 23, 23. HopManbHo OTKpbITHIH KOHTAKT KOOBOrO pevie. 


IlepeMemenua: opyxHupl (/) ZO 3aMbIKaHHA KOHTAKTOB fy) = 
=|] mm; 


di Tet 
AKOPA Oy = = ha = 0,76 mm. 


TlononuutesbHoe nepememeHHe mpy2kHHb! J AO NOJyYeHHA WaBJeHHs 
B KOHTakTax, paBHoro 20 [; 


Coe 
By = pt = 0,375 uM. 


Cuabl Ha akope: HauyanbHoe 3HayeHHe Qo>=Qi9-kg=10-1,68= 


= 16,8 [, npH mepememenHu mpyxHub 7 4O MOMCHTa 3aMbIKaHHs 
XOHTAKTOB — f,, (pH Xofe KOHTAKTOB fo) 


; ‘aihik 
Q1 = Qo + Quits = Qo + frrirts = 16,8 + 2 = 40,4 7. 
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IIpH saMbikaHH4 KOHTaKTOB yo6aBasetca  cuna lpeABapuTeAbHOro 
HaKaTHA Opyxkuup 2 


Q=Q+ Wh = 40,4 + 3 = 56,4 I. 


Cuna Ha sKope B KOHeyHOM— NPHTAHYTOM — NONOKeHHH 
Qs = Qi + M2! by = 73,7 Lr, 


7lvarpamma cH, OTHECeHHEIX K AKOPIO, IIpHBexeHa Ha urype 23, 23 b. 
a ) Es 3. KONTAKT 
ur. 23,24), 
Samkauuple pegu- @ y b) % 
UHH BI: TIpyXHHbI — doc- 
gopuctaa 6pousa; 








l, = 40 um; 

l, = 34 um: Q 
b, =6 uma; 

b= 6 um: “a 
h, = 0,35 mm; 

h = 0,4 MM. 


XO KOHTaKTOB — pa- 
SOMKHYTOM HX cocToH- 
HHH — fg = 1 mu; Ha- 
YaIbHoe jaBeHHe Ha 
AKOPb—yYy  H30AUMOH- 
HOH nmaaHkH 3—I10T; 
HawkaTHe B  KOHTaKTAaX 
Qo. = 25 T, Hayanbuoe 
HakaTHe MpykHHbI (2) 
Qoo=12 T;  KoneunHoe 


3Ha4eCH = 
sa 8 ere rots 0 ur. 23, 24. Hopmanbuo saKpwteii KOHTAaKT 
8 , : KOAOBoro pevie. 
Pacuer. : 


Iipyxuun: J,=2,15. 10-2 MMA, J, =4,55- 10-2 mut; E = 
=11. 108 “, 
MM 
= ae 3EJ r 
A= 11,1 Pre 2= a = 98,3 re 
Kos@@unneuty (cm. TaOHLLy): 
ae | 3 
ky = = 0,785; hy = T= 1,26; ks = 1,68 (3anauo). 


Ilepememenua: MpyKHHbI J 2O MOMeHTa pa3MbIKaHHA KoR- 
TaKTOB onpezensiotca Aedopmauveli npyxvan 2 now eHcTBHeEM 
CHJIbI Qa; IPH STOM Hao yuecTh HavamBHoe HamwkaTHe Ha ynop mpy- 
KHHB! 2 — Qop: 


| 
22 339 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


V30nAlHOHHOl naaHKH 3: fy = ft = 0,434; akopa oe = Et = 0,26. 


Xom KOHTaKTOB: fy == 1 ata es Be = tg. 76; MOsHbIM XOX 
AKOPA 8 == Sy + 6, + B= 9,1 +026 -+.0,76 = 1, ‘12. 
Chapt. Tpyxnna / 30rdyTa Tak, YTOOb] CO32aBaJINCb CHIBI: 
Ha akope y mMaaHKH 3 Qu = 10 [; Ha KOHUTaKTAaX Qo; = 25 I. 
TlonHoe 3HayeHHe 93TOH 
Q,| f2 CHJIbl, OTHECeHHOe K AKOPIO 
y paOoyero 3a3s0pa: 


? 


a= (Se ale Q1:] ka —50,2T. 


YuntTpipan peakuuio Mpy- 
*KHHbI 2, NOMyYaeM pesyJib- 
THpytoulylo CHJly Ha AKOpe 


Q,=Q— Shs = 


= 50,2— Fal, 68 =: 16,80. 





Ilpu nepemelieHu KOHTAKT- 
HbIX MIPY2KHH 3HaveHHe CHUIbI 
peakuHH Mpy2HHbl 2 fa- 
jlaeT HM NOJHOCTbIO CHHMaeT- 
CA B MOMeHT pacxoxKJeHHA 
KOHTAKTHbIX hdl (nepe- 
ur, 23, 25. Flepexsuoyalolynlica KOHTAKT memleHue f21) 
KogoRoro pene. Ha nuarpamme, lIDHBe- 
neHuoli Ha cpurype 23, 24, 
SHAYCHHA CMJ peaKIMH MpyAuubl 2 NOKasaHbl Kak oOpaTHble CHwJIaM 
npyxKuHpl /, Cua peakuvv MpyKHHbl 2 npu mepemeneHHH fz, OTHE- 
C@HHand K AKOptoO, paBHa 





Qeoks _ 
<2 = 161. 


Cuna Ha akope Tipu mepemelieHvn for, WEMY COOTBETCTBYeT TepeMe- 
meHHe $9, 6e3 yueTa a ripy2KuHbl (2) 


=O i a i 50,2-+ 11,1 pigs 1,68 = 58,3 7 
preys 16 = 42,3 L. 
KoueyHoe 3HaveHHe CHJIbl Ha AKOpe 


eee jtlnp, moni 


785 1,68 = 82 T. 





‘luarpamMa CH, OTHECCHHBIX K AKOpIO fb cpeaHeli TOUKe MpOTHB pa: 
Souero mouloca, MpHBeseHa Ha tpurype 20, 20. 
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P i) eric (pur. 23, 25). Pacuetst Ana noctpoenua HarpaMmbl 
= MPOBOAATCA NO aHaJIOrHH Cc pacueTamMH an 
KOHTAKTOB. : i aaa 
Iloctpoenue KOHTaKTHBIX CHcTeM npHBe 
: WeHHoe Ha (burypax 23, 23, 
23,24 wu 23,25, xapaxtepHo u ana Upyrux neuen 


, PABA 24 
HANPABJISIOWIHE JIA BPALJATEJIbBHOFO ABYOKEHHSA 
24-1. KJIACCHOHKAUHA 


Tloqsyxuble yacTH pee — aKopp, AHCK, paMKa — HMeIOT Bpamta- 
TeIbHOe ABHXKCHHE C OFpaHHYeHHBIM yrioM noBopota. B HeKOTOpBIX 


© wy _| 


VW, 





®ur. 24, 1. Buys onop pene: 


a, b — WHAHHApHYeCKaN; c — Ha WeHTpax; d — mapobas; € — Ha KepHax: 
f — Ha Dpusme; g — pacTaxka. ae 


BHAaX Pee H PeryATOPOB HMeIOTCH AeTaNH, COBepulaiomHe Henpe- 
PBIBHOe BpalllaTebHOe JBHKeHHE, HallpHMep 3y6uaTBIe KoIeca Mexa- 
HH3MOB, AHCKH JCMNPupyioulAX s1eMeHTOB ¥ Apyrue. Hanpasasionue 
AAA BpalllaTeAbHoro ABY2KeHHA — ONopbl — JeTanek pene umeroT pas- 
JHGHbIe POpMbI HcnOwHeHHH. 

Baidop Tok uw HHO KOHCTpyKWMH OnoOpEI onpegzetaetca ycwo- 
BHAMH KOHCTPYKUMH: PaCNOJIOKeHHEM OCH, BeJMYMHOH. Harpy3KH Ha 
onopy, TpeOyemMoH TOUHOCTbIO HaNpaBAeHHA, MOMeHTOM TpeHHa, crToit- 
KOCTbIO MIPOTHB M3HOCa paOouwX MoBepxHocTel, crofkocThio Mp 
BHOpalWAaX MW yapaxX, CTOWMOCTHIO HSTOTOBNeHHA H c6opKH. 

B s3aBHCHMOCTH OT Bua TpCHHA Me@KAY OCHOBHbIMH JeTasaMH 
cay pa3HuaicT: | 

ONOpbl C TPeHHeM CKOJIbKeHHA —UHJIHH 
wmapoBan, Ha fe fae (pur. 24,1); : ci a 

2) Ofopbi c TpeHHem KayeHHa — Ha Mpuame, IWapHKONOAWHNHH- 
KOBaa ; 

3) onopbl c TpeHvemM ylpyrocTH — Ha pacTaxKax. 
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Odu4e NoAOKeHMA HO BbIOopy Bua ONOp 


Luaundpuseckue onopot HMeIoT MO cpaBHeHHio Cc APyruMi 60.1b- 
HIOll MOMEHT TPCHHA, HeBbICOKYIO TOAHOCT HanpaBJeHHA H IeHTPH- 
poBaHHa, H3HOC ONOp B npowecce pa6oTbl OTHOCHTEIbHO HeBeJINK. 
LluaunapHueckve Onopbl MpHMeHAIoTCA B OCHOBHOM Ip OoubIlHx 
Harpy3kaxX Ha OMOpy H 3HaqHTeJIbHBIX MOMeHTaX BpallleHHA. 

Onopet Ha Yyexinpax oOsaatoT OTHOCHTeIbHO M@JIbIM MOMCHTOM 
TPCHHA, BbICOKOH TOUHOCTbIO eHTpHpOBaHHA, JonyckaloT peryHPOBKY 
ocH B MpocrpaHcTBe 3a cueT MepemellleHHA ONHOrO H3 NOAWAMHAKOB. 
Maslad MOBepXHOCTb COMNPHKOCHOBeHHA neTaneH oOycOBJuBaeT TIpPH- 
MeHeHve TaKHX ONOp TOJbKO JIA He6ONbUIHX Harpy30K H OYeHb 
MasIbIX CKOpocTeH BpalleHHda. TouvocTb WeHTpHpoBaHHA Mp oco60 
THIATCJIbHOM HCNOMHeEHHM AocTHraet |—2 p. 

[Llapoeoie onopet oO1amarot OTHOCHTebHO MaJIbIM MOMCHTOM TPE-_ 
Hua. LUlvpoko mpHMeHsIoTca B pAAe KOHCTPyYKUHA peje Cc BepTH- 
KAJIbHOM OCbIO BpallleHHd. | 

Onopet Ha wnure YMelOT BeCbMa Mambiii MOMeHT TpeHHA. TouHOCTb 
[[eHTPHpOBaHHA HeBeJINKA. Iupoko mpHMeHAIOTCA B PAE KOHCTpyK- 
wut peste c MaJlOoH Harpy3KOM Ha onopy. 

Onopot Ha npusme oO.1aatoT BeCbMa M@JIbIM MOMCHTOM TPeHHA, 
H3HOCOCTOHKOCTbIO pl! GOMbUIOM HCE cpa6aTpipaHHi. WlupoKxo mpH- 
MeHAIOTCA B QICKTPOMAPHHTHbIX pese MOCTOAHHOPO Toka, rae Tpedy- 
IOTCA ONOPI, BbILEPKUBAIOIMe MeCATKH MH JJIMOHOB cpa6aTbIBaHHli pevie. 

[apukonodwunnuKosole onopei. Jlo nocmegyHero BpeMeHH WapH- 
KOBbIG TOXWMNHAKH He TIPHMeHAJHCb B pemecTpoeHHu, TO oObAC- 
HAeTCA OTHOCHTeAbHO OOJIDIIMMH ra6apuTaMH cTaHAapTHbix NOAM: 
HuKkos. B HacTosuyee BpeMA MMerOTCH MasloraGapHTHble wWapHKOBbIe 
TOAWHMHHKH C BHYTPeHHHM JMaMeTpOM 0,8 ma uw MeHee. Takue TOZ- 
GIMMHUKH O6alaioT OUCHb MaJIbIM MOMCHTOM TpeHHA, CNOCOOHOCTHIO 
BOCIPHATHA SOMbUIMX HarpysoK, BRICOKOH TOUHOCTbIO HanpaBJeHHd 
H WeHTPApOBaHHA, YCTOMYHBOCTHIO TPH BHOpaluHOHHbIX Harpy3Kax. Cue- 
jyeT 1O9TOMY OPKHAaTb BHEAPCHHs 5THX MOJUIMMHHKOB B peJlecTpoe- 
Huu. OTHOCHTeAbHO BbICOKaA CTOHMOCTh WaPHKONOALWIANHHKOB OKy- 
nuTca yualyailienHeM KayecTBa pele 4 yBeIHYeHHeM Cpoka ero cary KObI. 

Onopol Ha pacmsancKax NPCACTABAAIOT co6ol MeTaHUeCKY!O JCHTY, 
Ha KOTOPOM 3aKpeMJeH AKOPb Pee. [IpuMenalotcaA Mp MaJibix yrds 
nmopopota AKOpa, HaMpHmep B NOJAPH3OBAHHbIX pee. 

Cmasxa onop. Kak npaBHulo, B onopax KOHCTpyKUMH pee He 
npeycMaTpuBaeTca CMa3Ka. 


94-2, MATEPHAJIbI JIA ONOP 


[Lander onop HW KepHbl HCUONHAIOT HS ctanelt OBC, Y8A, Y10a 
3aKaNleHHBIxX Jo TBepfocTH R, = 50 -:-55, v3 craseh CT35 wu Apyru> 
Bykcpl JesatoT uae Bcero 43 JlaTyHH JI59, B OTZeMbHbIX cAyIaA 
M3 OJOBAHHCTON OpoH3bl. 

B page caysaes Ain yMeHbINeHHA MOMeRTa TPeHHA BbITOJHAK 
KOHCTPYKUHH ONOp C OOJbUIMMH 3HaveHHAME yNeIbHEIX aBJeHH 
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B TakHX KOHCTPyKUHAX NOMWMNHHKH H3rOTOBAAIOT H3 KamMHell — 
CHHTeTHYeCKOrO araTa, candupa WH KopyHaa. KoncTpyKuHA nogumn- 
HHKOB H3 araTa HM KOpyHya mpuBeneubi Ha cburype 24, 11. 

ZlaHuble a pacueToB onop mpuBexeHst B Tabane 36. 


Tabauya 36 
Koop®uunenTh Tpenas Jaa pasHnx MaTepnaszos 











Cranb KoncTpyk- | Cranb wHcTpymeHt. 
Marepuasl WLHOHHAaA 3aKkasieHHan 
elarynb JIS9 2. 2. 0,19 0,14 
Bpou3a OOBAHHCTaA «CC; 0,16 0,15 
7liopamomunHi .. 0,19 0,17 
POT: iS: as So eaie ae — 0,13 
PYOWH 5c. Ser ose Ad es — 0,14 
Canpup ........ — 0,15 
Ta6auya 87 
@uswyeckhe cBohcTRa MaTepHaaoB 
TBepgzoctb Moxy.b 
MatepHaer no MOOCY yHpyroctTu 
Bpowsa ........ 3 1 - 108 
Crab HHCTPyMeHTaJbH. . 6—7 2 - 108 
Jlatywb 2... .... — 0,95 - 108 
GET? oo gse) asa tee oeee: x 6,5 1 - 108 
IROPVH eo S655) ee. 9 ao 
Canpup ........ 9 + 108 
PY GH es 50 0) 200 en, Hie, 9 — 
Tabsauya 38 
JlonycTHMBbIe 3Ha4eHHA yeIbHBIX NaBsennii, Kl /cm? 
Cramb no ctamuw .. .... p = 130-200 
Kasteuaa cTanb no 6poH3e . p = 90+ 150 
Crab lo 6powse. . 2... p = 60-90 
Crab KajleHaa mo candupy . p = 3000 


24-3. PACUETHbBIE ®OPMYJIbI 


Pasmepbl JeTanel onop onpeyensioTca, KaK NpaBusi0, nO KOH- 
CTPYKTHBHbIM COOOpaxKeHHAM, pacueT Ha MpOYHOCTh MpOu3BOAUTCA 
TOJIbKO B TeX KOHCTPYKUHAX, Tye AeHcTByIOT 3HAYHTebHbIe CHIBI 
H MOMeHTHI. Oco6oe BHHMaHve yJeIA0oT pH KOHCTPyHpoBaHHH BBI- 
COKOWYBCTBHTC/IbHbIX H ObICTPOJeHCTBYIONIMX pee BOTpOCy YyMeHb- 
IIGHHA MOMeHTOB TDPeHHA. | 

UlvauHApHyeckasd onopa. PacueT nam Ha MexXaHHuecKy10 mpou- 
HOCTb MPOH3BOAMTCA NO POPMys1aM, MPHHATHIM Ja pacueta FeTanel 
oOmero MaulMHoctpoenua. Ilpu AMameTpe Handel Menbure | mam pac- 
weT Ha MCXaHHYeCKy!O NPOYHOCTh He BbINOJHAeTCA. 
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YyembHoe waBleHve Ha Landy pH paBHOMepHOM NpHweraHHu 
wanda K BKagbiluy (pur. 24, 2) 


Q : 


YuutThipad HepaBHOMepHoe MpHseranve wWandbl, CUHTAaIoT 
4 Q : 
yy Q p=. (24-2) 
YY, YpaBHenHe npouHocTH wanda! Ha H3srH6 


Ql _ ma" : 
¥ fF — fe We Ru (24-3) 
( IIpu pacuere wane BBoquTca Koopdu- 





| uHeHT R==—-, Ha3blBaeMblit KOHCTPyK- 
d 
t— Co THBHBIM NapaMeTpoM. 
Wiz (24-2) u (24-3) 
@Mur. 24, 2. Unnnuapnyeckan R 
7 onope. k =0,5 V/ Ru, (24-4) 
p 


V3 (24-4) a (24-3) 





d = 2,27 V ie . (24-5) 
w3e2 


Xo pacueta. 3aqapaich 3HaveHHAMH Pp H Rise BbIYMCAAIOT R, 
janee ompegensior d, a 3aTem /. B BbICOKOUYBCTBHTCIbHBIX pewe 
lpHHHMalorT 

p= 15+ 25 KI/cm?. 


Moment TpeHHA UKIMHApHyeckoh Onoppl 


M = Su, (24-6) 


Ilockaa usta (pur. 24, 3). Koney wandp 4 
ONOPHad MOBEPXHOCTh BbINOJHAIOTCA B BHJE MJ0C- 
KocreH. YfewbHoe WaBMeHHe B HATE 


Ee ee i 
p= 4a: (24-7) 
d (Mp) =p dqry. =o 2nppredr. 
R 





| Minp = 2p. | ror = 5 mp pR’. (24-8) 
0 @ur. 24, 3. 


V3 (24-6) u (24-8) : TLnocxasa mata. 
M np = 0,376 = p. (24-9) 
Pp V p p- 


Onopb! Ha WeHTpax. 
1) Fopus0ntanabHas ocb (dur. 24,4a). Mecto compukoc- 
HOBeHHA LWeHTpa Cc NOAWMMHHKOM paccMaTpHBaeTCA Kak CONPAKCHHE 
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AByX Tes, CKMMaeMbIX cHNOH N. Mopma sTHXx Te onpeyennetca 
ruaBHOK KPHBH3HOH B ABYX B3aHMMHO MepneHAHKYJAPHbIX MOCKO- 


l 
CTAX: AWA UeHTpa p- H O; aA NOAWMNHAKA — - H —-; MaKCHMaJIb- 
Pp 1 





@ur. 24, 4. OQckuH3bl K pacueTy ONOpbl Ha WeHTpax. 


Hoe Hamp KeHHe B WeEHTpe NOMaAKH CONPHKOCHOBeHHA ONpeyeuaer- 
ca no cbopmyse Tepua: 





3 peteemetintomeends 
E2 
Smanc = Mg — ’ (24-10) 
2E,E 
rae E= E, re E; ; £, u £,—mogyau ynpyrocra noqmunnnka 4 


] 
WeHTpa; ---——-TIpHBeJeHHaA KPHBH3HA; My— KOSqXPHUHeHT, onpere- 
AseMbId u3 cur. 24, 5, 








IIpHaumator 
le ar ia 
p or? BO I/Rp—I1/R1° oe. 
Moment Tpenua 02 
M,. =n—2 ‘ : G0 
rap Ceowecws Aen) 04 08 12 16 
2) BepTukaabuHaad Ocb (pur. ur. 24, 5. Kpusaa aaa onpe- 
24,46). Hanpsxenne Ha nuomayKe co- NENCHHA Mp. | 
lipHKOCHOBeHHA 
Shane = 0,59 eee cea . (24-12) 
2xR sin a (Z - 4), 
| , E,  E, 
MomeuT TpeHuA 
Minp =» 2 R. (24-13) 


3) Onopbl Ha KepHax. 

Popu3s0HTanbuas Ocb (pur. 24,6). O6nmHo vMHa KepHa 
H€CKOJIbKO MeHbille pacCTOAHHA NO OCH M@KAY NoAyuwikamu. Pasnoctp 
MeKy STHM PacCTOAHHeM H AMHHOH kKepHa—oceBoli 3a30p — mpu- 


HHAM@eTCH B CpeHemM 
Al = 0,6 (Ty —rr). (24-14) 
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Bennuyvha MaKCHMasbHoro HalpsxKeHHA Ha MOWaaKe COMPHKOCHO- 
BeHHA KepHa H NOAyWIKH Onpefzeanetcn no copmyule lepua: 


(24-15) 





MomenT TpeHHA ONpeMeAeTCA M3 CJeAYIOU[MX COBH: B npotecce 
BpalleHaA KepH BCKaTBIBaeTCA NO MOAyWKe C TpeHHeM, PaRHyc Ko- 
Toporo r. MomeHT Tpe- 
HWA Ming = Nr. YAnTel- 









Bad 
. = sina; N= au? 
i nosyyaem 
Geo nepwo = Ora. (24-16) 


Takum o6pa30Mm, Mo- 
MeHT CHJIbl TDeHHA onpe- 
WeAHeTCA TOJbKO payuy- 
COM KepHa H He 3aBHCHT 
OT payluyca NOAYUIKH u 





Sh’ 


Mur, 24,6. Scku3 K pacueTy oNopbl Ha KepHax. 


: 
BeJIHYHHbI OceBoro 3a30pa. OTHOMeHHe _ MIpHHUMAaIOT NopsyzKa 


nr 

boo 4 | 
"To: B CpeHeM ze 

BeptukagdbHaa ocb. IIpw BeprukambHoM pacmouoxeHHk 
OCH COMPHKOCHOBeHHe KepHa H HOAYWIKH NpOHCXOAHT He B OAHOM 
youKe, 4 NO HeKOTOpO! MocKOcTH pafHycoM fr, YTO OObACHAeTCA 
newbopMaiveli KepHa NOX AelicTBHeM OceBO COCTaBJAIOMIeH CHJIbI — 
seca NOABYAHOH cucrempl. Ilo reopuu epua 3HayeHHe 7 3aBHCHT OT Beca 
HOJBWXKHOH CHCTeMblL, PaAHyCOB fy, WH 7,, a TaKxKe OT MOLyseH ynpy- 
rOocTH MaTepHaJIOB KepHa H MOAYUIKH: 


Saree en 





0,682 “= =" Q, (24-17) 
fe te 


YuedbHOe faBJIeHHe NOwyyaeTcA PpaBHbIM 


: ee) - 
p= = aac z 3Q KI /cm*. (24-18) 
te mE al 


MomeuT TpeHua onpeyensetca mo dopmysie (24-9), BbiBemeHHOK 
JWId NJIOCKOH ATI. YMeHbIeHHe MOMCHTa TpeHHA KepHa lO CpaBHe- 
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HHIO C TAKOBLIM Jil NJIOCKOH NATH AOCTHTaeTCA 3a CUeT NMOBbILIeHHA 
yiesbHoro JaBseuua. Ilosromy B omopax Ha KepHax NoceqHHK H3- 
rOTOBIAeCTCH H3 CICWHAIbHDIX COPTOB CTaJM H 3aKaJIneTCH, a NO- 
RyWika — H3 TBepAbIX NOpoy KaMHeH —candupa, pyOuHa uM KOpyHaa. 
Kouyc kKepHa wcnonHsioT c yrnom y BepwHHb oT 60 zo 90°, sHa- 
yeHHe pawuyca KepHa NpHHHMAaIOT B CPYHKIWMM Harpy3ku. 


Q rpaMM T... MAKPOH 
I 5—10 
1—2 15-30 
2—5 30—40 
3—6 40—60 
6—200 60—200 


Onopphi Ha npHsme. HanpsxxeHua B MeCTe CONPHKOCHOBeHHA HOKA 
H NOMYIIKH oMpegzersiotca mo dopmyse Tepua: 


- eee Se 
Cnaee #= 0,50 V bre te (24-19) 


rye Q—narpy3Ka Ha onopy, /—AHHa NOMaKH CONPHKOCHOBe- 
HHA, 7 —payuyc sakpyraeHua Hoa. 


24-4. KOHCTPYKTHBHDBIE BONPOCHBI 


LivaHHypHueckHe onopHl. B npocteriiiem calydae OCb HCHOJHAeTCA 
H3 CNOWHOrO MaTepHasa 6e3 cNewHanbHOl o6Toukn uand. Uandst 
aMametTpom Gowpue 0,5 wm O6bmdHO NpescTaBAAOT COoGOH OAHO Lem0e 









N 





@ur. 24, 8. Kpennenne 6yxe: 


a@—B ToscroH maate; b, C — B TOHKHX; 
@ur. 24, 7. Kouctpyxuousa wand. d — B taphope. 


c ocblo (pur. 24,7). Tipw Masom QuameTpe andl Ocb BbINOJHAeTCA 
COCTaBHOIi: BCTaBHY1O Landy 43 poAbHOM NpPOBOMOKH, a NpH OOVIbIUINX 
yMameTpax, Gonbiie 1 mm, MS cTaM cepeOpAHKH, BMPeCCOBbIBalOT 
B CT@JIbHyIO HH asOMHHHeBy!o Oocb. CnocoObl KpenvieHHaA OyKCc 1 
KOHCTpyKUHH MOAWIHMHHKOB NpHBexeHb Ha curypax 24,8 u 24, 9. 

Onopsi Ha WeHTpax. OCHOBHBIe peKOMeHyeMble pa3Mepbl NpHBe- 
neHbl Ha cburype 24, 10. 

Onoppi! Ha KepHax. HcnomHenve MOAWAMHHKOBbIX BHHTOB Mpo- 
cTefiueii KOHCTpyKUMA puBezeHo Ha cburype 24, 11: a—6e3 Kamua, 
b—c kamuem. B 6osiee CAOKHBIX KOHCTPYKUHAX NOMWANHUKOB KaMHH © 
yKpemsioTca Ha Mpy2XHHHOM OCHOBaHHH. PopMbI HCNOAHCHHA KaMHeli 
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npupefeHb! Ha cburype 24,12. Beugy HefocTaTOuHOH LeHTpHPOBKH 
onop Ha KepHaX OTBeTCTBCHHHIe KOHCTPYKUHH BbINOJHAIOT NpH Bep- 
THKAJIbHOM OCH: BepXHIOIO OMopy Ha mane, HAKHIOIO— Ha KepHe. 


@ 


?~ 
wea 
H H 
@ur. 24, 12. HcnonHenne Kamuei 
H=1~+4,5; d= 2,3 4,5. 





@ur. 24,9. KoucTpykuHs NOAWHMMHAKOB: 


a—d<S mm; t=; R=d; 


b—d>5 mat; D = 0,8 (S +d). 





Dur. 24,10. Onopa Ha WeHTpax: 





a: | 10 2,5 | 2,5—5 | 5—10 | 10-24 
d, | 0,5 | 0,75 | 1,0 | 1,5 


e |i] 2 fa], «! © 
regia oe ie aaa 


@ 


y 
sd 9 
a 


@ur. 24, 11. Ucnonnenve nogwun- @ur. 24, 13. Popmpl AcnoOHeEHHSA 
HHKOBbIX BHHTOB. aKOpek pee — onopa Ha NpH3Me. 










OY 





O5+2MM 


Onopbi Ha npH3me. Ha durype 24, 13 nmpxBegzenbi npHmMepHple HC- 
NOJHEHHA OOP AIA ZIEKTPOM@rHHTHBIX pee MOCTOAHHOrO TOKA. 

Odpa6orka. Lande, weHTpb!l, KepHbI H OYKCbI AOMKHbI ObITb THA- 
TeJIbHO OTMONHpOBaHbI. UncTota nopepxHocTu npu oOpaGoTKe AOsKHAa 
6bITb OGecneyeHa AIA ONOp B WeHTpax, KepHaX H Ha NpH3me B Mpe- 
nenax 9—10 kuaacca. 
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H. A. TIOJIETALB 
CHTHAJ 


(O HeKOTOpbIX NOHATHAX KHOEPHETHKH) 


Kura peyctasaser coOok MOmbTKy H30%KHTb HeKO- 
TOPble H3 OCHOBHbIX YepT NpHpoAbl HHPOPMAaWHOHHLIX HAH 
«KHOePHETHYECKHX® YCTPOHcTB WH eCTeCTBEHHBIX HHopMa- 
IHOQUHLIX M@X4IH3MOB B OKHBLIX cymecTRax B KHNre pa- 
306palbl MOHATHS CHPHaJa, HHDOPMaWHH, KOMHUeCTBa HH- 
opMallult, oOOcyxKMaeTcA pOAb cayyahHbIx coOLiTHA mpi 
HCKAKCHHAX CHPHaJIOB, CBH3b HHPOpMauHOHHOK H u3H- 
yuecKOH SHTpoMHn. KpaTKO paccMaTpHBaloTcH Mmpowecchl nNe- 
peHauH CurHada B TeXHM4GeCKHX KaHalaxX CBA3H HW B HepB- 
Hoit cucTeme, paGota cucTeM c oOOpaTHOit cBA3bIO, ycTpoli- 
cTBO H paGoTa cueTHLIX MaiuHil Ip pewlenHH MaTeMaTHue- 
CKHX H goruyecknx 2agay, OG6cyKgaioTed BOTIPOCH paboThl 
HPOCTIIX H COAKULIX aBTOMaTOB — POOOTOB, a TakiKe Yep- 
Tht paGOTH HePBHOM CHCTEMLE, MOSBOJHOLHe  CheTaTb 
3aKNOUeIHe O CHiaIbHOM XapakTepe HpolleccoB B ueps- 
Holl cueTemMe. OT ecIbloO PasoOpallbl BOTPOCH, OTHOCATINMECA 
K HOBCLCHHHO 4YeTOBeKA if 4BTOMATOB B CHTYaWHH COpeBHO- 
SUID WWI WPpbl, a TaKAC BOSMOAKHOCTH CaMOOpralN3allinl 
CHCTOM, NOCTPOeCHHELIX 6€3 Bapaiiee YCTAHOBAeHHOTO Mail, 
B oseKkaiouenne oOCyAalOTCA IMPPHWHUHTHabHble OTJIMYNS 
ABTOMATOR OT WKHBLIX CYWLCCTB H NePpCNeKTHBbI Pa3BHTHs 
TOXHHKH CJIOMHLIX @ABTOMATOB. 

Kulira paccuitana 1a WHpokHi Kpyr ynTatTesen, Pa3- 
‘lelbl, TpeGyloulWe CHCUHAAbHDIX 3NaiHHH MaTeMaTHKH, BbI- 
‘LeACHbE H MOTYT ObITb ollyitebr 6e3 Gombuoro yulepoa 
‘LIM NONUMATING OCTAJbIIOrO MaTeptawa, 
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YaHaTb, nNOHAT® u oxeaTuTs 2APMOHUIO 
HaY4HO2O 30aKHUA Cc e20 HEOOCTPOeHHbIMU 
4QCTAMU — 3HQUUT NOAYYUTS TaKOe HacAQn- 
Oexue, Kakoe Oaét ToAbKo BbiCluaA KpacoTa 


u npaeda. 
A. H. MEHJEJIEEB. 
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IPELUCAOBHE 


Ku6epHeTuka* ecTh HayKa o mpomeccax ynopaBJieHia 
mepeqauk CHrHaJiOB B MAllHHaX HM X%KHBbIX OPraHH3Max, uc- 
NOJIb3yIOWlaA MATeMaTHYeCKHe MeTOIDHI. 

CurHad, T. e. Pu3snyecknit mpouecc, HecyWHH HUPOpMaln, 
ABJIACTCA WCHTPaJIbHbIM MOHATHEM KHOePHETHKH, OTCIONa—Ha- 
3BaHHe 3TOH KHHIH. 


Bo3HHKHOBeHHe, Tepesaya WH MCNOb30BaHHe CHrHana WIA 
ypaBsiecHHA MNpPeAcTaBIAeT COOOH ABJCHHeE BeCbMa o6ulee 
AJIS1| CAMBIX, HA MePBbIH B3rIAA, PasH4HbIX O6beKTOB. 3aKko- 
HOMECPHOCTH HCHONb3OBaHHH CHrHada BCHCTeMax yopaBaeHna 
H CBA3H OOWIMPHBbI, MHOroOOpa3Hbl WM OTJIMYHbI OT 3aKOHOB 
mpeoOpasuBaHunA 9HeprAu. OTa cneyudukKa HyxKAaeTCA B OT- 
ACNBHOM H3YYCHHH HU OTZeIbHOH TpPakTOBKe, MocTaTOUHO 
oO6men wu crporol. 

Salaya MaHHOl KHHIM He B TOM, 4TOOLI maTb Mcuepnbl- 
BalOllHe, TOUHbIE HW OKOHYATeJIbHbIe ONpeweeHHA NOKATHH 


* Or rpeyeckoro Kopua  xuo8cpvqzeé, ozHauaIoulero «UCKYCCTBO - 
j y 
JeBOTO, 
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KHOePHETHKH H H3JIOKUTb PpelleHHA Bcex mpobsem. Takaa 
3afaya cCerowHs! BPA JM BhINOwHHMa. L]enb 3TOh KHUTH 
SaKOUaeTCA JIHWIb B TOM, 4YTOObI MaTb YUTATeNIO TpemBapH- 
T@.IBHOe, TO BOSMOMKHOCTH NOHATHOe H3JIOKeHHE OOULHX Hel, 
Ha KOTOPbIX CTPOHTCH yyeHHe 06 HNPOpMalHH Uu yupaBue- 
HHH. Bombuoh MHTepec K BONMpocaM KHOepHeTHKH, M0-BUaH- 
MOMY, ONPaBAbIBaeT TaKkylO NOMbITKyY. O6ulee 3HAKOMCTBO CO 
BC€M KPyroM Hew KHOepHeTHKH B LLEJIOM OObIUHO BBISbIBaeT 
OOJIbUIOH HHTepec HM MOMOraeT yrvily6eHHOMy H3y4eHHIO 
KakOro-JIH60 OHOrO ee pa3zzevia. 

[upokoe none nmpuMeHenH Kku6epHeTHKH—oT TeopnH 
CBA3H JO pedeKcoJorMH—co3aaeT OOuIbLIve TPYAHOCTH AVIA 
TeX, KTO IIbITae€TCA OXBATHTb MaTepHad Bg WestomM. OguaKko 
Oobuwad YaCTb WeHHOCTH MOHATHH KHOePHETHKH B TOM 
H COCTOHT, 4YTO OHH NO3SBOJIAIOT YCMATPUBaTb OOee B CAMBIX 
PasHOOO6pa3sHHIX ABJICHHAX HM B3AHMHO O6o0rallaTb CaMple, 
Ka3al0Cb Obl, OTMAeHHbI€ pyr OT Apyra O6WacTH 3HaHHH. 
[losTOMy OFpaHHYHBaTbCA paccMOTpeHHeM KaKUX-H60_ OT- 
Ae NbHbIX MPHMCHEHHH KHOePHeTHKN O38HavaeT HAHOCHTb Bped 
H310%KeHHIO. [Ipu3HaB HemkeJIaTeJIbHbIM Takoe O6eMHEHHE 
COMepKaHHA H OyAy4H yG6exKMCHHBIM B TOM, 4TO OliaCHOCTb 
COBEpIUNHTb M@JIKHe OLWWHOKH B fleTaJIAX SABJAeCTCH MeCHbIUHM 
310M, YM BbIOPacbIBaHHe H3 PaCCMOTPeHHHA UWeJIbIX OOMAa- 
cTell TPHMeHe€HHA KHGOepHeTHKH, aBTOp Ob BbIHYKAEH, 
CCTCCTBCHHO, BXOJHTb B Te OOACTH 3HAHHU, KOTOPble MaJleku 
OT efO MPHBbIYHOH y3kKoOH cneunasbHocTH. Pasymeetcs, o- 
OHTbCA HCYEPMbIBAIOWeH MOJIHOTbI H3JIOKCHHA OblO 3aTPYI- 
HHT@JIbHO MO MHOTHM IipwunHam. K cofepxkaHHioO KHHrH 
MOXKHO H, ObITb MOMKET, HYMKHO MHOPOe MOOABUTD, 

l{3towKeHHe NOHATHH KHOepHeTHKH B STON KHHre, B OCHOB- 
HOM, lipeceiyer Web BO3O6YTHTb HHTepec K KOHKPeTHBIM 
mpoO6emMaM HW NpPHBJeub K HHM BHuMaHHe. Ham mpencras- 
seTCH, 4UTO G6HOJOF UH Bpay NO-HOBOMY YBHAAT TOT KHBOH 
MaTepHad, C KOTOPbIM OHM paboTatoT, nowsyunB OOulee Npes- 
cTaBJeHHe 06 HHMOpMAauUHH, CBA3H H YIIPABJICHHH B HX TeX- 
HHUCCKHX TPHMeCHeHHAX, a HHARKECHEP CYMeeT YBHAETb HOBbIC 
N€PcnCKTHBbI, CPaBHHB CHCTeEMbI, HM CO3MaBaeMble, C eCTeCT- 
BeHHbIMH CHCT€MAMH aHaJIOrMYHOrO Ha3shayeHHaA. 

ViaioxKenne mnouatuit KHOepHeTHKH B  OOeOCTYNHO! 
cbopmMe Hw 6e3 OO/bUINX YNPOWeHHH NpeAcTaBJaeTca MevIOM 
HelerkuM. bBepsicb 3a cro BbINOIHeHHe, YacTO NpHXOAHTcH 
2KEPTBOBATb Pa3BJIeKATeIbHOH  CTOPOHOH H3IOKeCHHA, Halle- 
Cb, UTO COMePpRKaHHe CAMHX NOHATHH KHOepHETHKH He MO03BO- 
NHT UNTATeTO CKYYATD. 

Kn6epneTuke elle He HCMOIHH.10Cb JeCATH JI€T CO AHA ee 
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CCJIM He pOKTEHHA, TO «KpemeHHa»*. KouwnyecrBo mpo6vlem 
KaK MPHHUANMAIbHO-MO3HaBaTeIbHOrO, TaK H YIHAATADHO- 
NPpHKJaqHOro XapakTepa B OOMacTH KHOepHETHKH NMOUCTHHe 
OTPOMHO, H OOJIBLIHHCTBO H3 HHX OMKHMAeT cCkOpeltuero 
paspemenuHa. TlostoMy safaua HalpaBHTb CHILI YYeHbIXx 
H T€XHHKOB Ha PpeleHHe STHX HACYUIHbIX MpoG6JleM, co3aTb 
eMHHOe NOHAMAaHWe OOUWLHX 3aKOHOB YIIPaBJINIOULNX CHCTeM 
H CHCT€M CBA3H, YCTAHOBHTb OOLy!lo CHCTeMy NOHSATHH u Tep- 
MHHOB JIA Pa3JIMUHbIX OTpaculeH 3HAHMH MpeAcTaBusaetca 3a- 
mayeH upe3BblyaHHo akTyaJibHow. Ecau HacTOAlad KHHTa XOTb 
B H€3HaYNTeJIbHOH CTeNeHH NOCYKUT NPHBJeYeHHIO BHAMAHHA 
Pa3JIHYHbIX CHeWHAIHCTOB K HX OOWIMM HHTepecamM, 3amauy ee 
MOKHO CYHTATb BbITIOJIHeCHHOH. 


Mb ABJIAeMCA CBHUeTeIAMH NepBbIX WiaroB KHOepHeTHKH. 
Bo3MOXKHOCTH, KOTOPble OHA CYJHT B MepCcneKTHBe, HACTOJb- 
KO BeJIHKH, 4TO CAaMaH CM@1an aHTa3sHAH MOMKeT OKasaThcs 
OCCCHJIbHNOH HX MpeCTaBHTb. 


H3aoxKeHHe B HaCcTOAlieli KHHre He KOMMpyer Kakol-s1u60 
HCTOYHHK WH Ce@pHiO HCTOUHHKOR, XOTH O6ULHe HJleH Mouepu- 
HYTb] H3 MHOrHX paoor. | 


Ku6epheTuka caoxKnach BrepBpie B CIITA, Ppaniunn 
nu Aunrsiuu. Ilepppie warn KuOepHeTHKH B CCCP 6blan OMpa- 
YCHbI BOSHHKUJHM MO HeLOpa3yMeHHIO TIPeCAB3ATbIM OTHOILLIC- 
HMeM K Hel. K cuacTblO, HemOpasyMeHue ceuac paccestHo, 
HW KH6epHeTHKa 3aCJIYKCHHO 3aBOeBbIBAeCT BCe OH0JIbilIee BHH- 
MaHHe COBeTCKOH HHTeCJJIMTeHUHH. Ceroqug yKe HeBO3MOKHO 
OryJIbHOe OXaMBaHHe KHOePHeETHKH; OCTANHCb TOMbKO CIOPbl 
IIPHHUMNMaIbHOrTO XapakTepa, 3aKOHOMepHHIe WH HeOOXOMH- 
Mbl€ Ha BCeX 9TallaX Pa3BUTHA HayKH. 


CnOpHbIX H HepellleHHbIX BoNpocoB B KHOepHeTuKe MHOTO. 
3To Mestaer ee oco6eHHO uHTepecHOH. B HacToaulei KHUTre 
HaMepeHHO He OOXONSTCA CHOPHbe BoMpocbl. OTHOCHTC.IbHO 
OY AYUIHX, HE CO3MAaHHBIX elle YCTPOHCTB, HepellleHHbIX cllle 
BONPOCOB H€BO3MOXKHO elaTb GeccNopHble YTBepAR ACH. 
Illupokoe nu cBo6oqHoOe OOcyKDeHHe NpoOeM B Hay4HbIXx 
cmopaX MOJe3HO AAA pa3sBHTHA HayKH HW MOYHHTeIbHO WA 
y4aCTHHKOB 3THx cnoposB. Ilostomy aBTop 3apaHee Ovlaroja- 
peH BCeM, KTO BO3bMeT Ha ceOA TPyM MoGpocoBecTHou u ap- 
ryMC€HTHPOBaHHOM KpHTHKH. Peyb HMeT, pasyMeeTca, O Hay¥- 


* Cnopo «<ku6epHeTuka» Boulvio B OOnxoR c 1948 roqa noce BHIxoda 
B cBeT KHHrH H. Bunepa oq 3THM Ha3BaHHeM, Bnepsble cioBo «KHGep- 
HeTHKa» ynoTpe6ul dpanuysckHh du3nx Anmpe Mapx Amnmep aaa o6o- 
SHaAYCHHA HayKH O TOCYLapcTBeHHOM YIIpaBVIeHHH. 
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HOM oOOCYXKHeHHH BOMpoca, a He o AeKIapauuAx c NpenB3sa- 
TIX MO3HILWH, KOTOPbIMI H300H.10Ba.1H MepBble CcoobmeHHA 
O KHOepHerTHKe y Hac. 


M3 4HCla OTPHWaTeIbHBIX CyKAeHH oO KHOepHeTHKe 
XOUeTCH OTMETHTb ORHO. Muorga pa6oTHukn y3KHX MpHkK.la/l- 
HbIX CMeWHaJIbHOCTeH, IPHMbIKaIOULMX K KHOepHeTHKe, 3aalOT 
BOMpoc: «SayeM HYKHO Ha3bIBaTb «KHO6ePHeTHKOL» TO, 4TO 
CYHI€CTByeT MHOrO eT 6e3 STOrO Ha3BaHHA H WeM MBI Cc ycrie- 
XOM 3AHHMae€MCH exKeqHeBHO? Ham 3TO HH B YeM He No- 
mMoxet!» He xoreocb Obl pe3KO BO3PaKaTb MPOTHB NOMOOHbIX 
cymneiful. MowkHO MHOrO w1eT pa6oTaTbh KoUerapoM H He HMeTb 
NOHATHA O6 SHEpreTHKe B WeslIOM. MoxKHO BCKO KH3Hb POBO- 
PHTb MpO30H wu He NOMO3peBaTb O06 ZTOM, 6e3 Ma.lTelimero 
Bpea MIA ceOa. CoBpepuieHHO Tak %Ke€ MOXKHO H30 JIA BLCHb 
SaHHMasCh, HalpHMep, CJIEAAULHMH CHCTCMA@MH, He 3a], VMbI- 
BaTbCA Hal CBASAMH NOHATHH TeEXHHKH WH OuOMOrHH, WM HAKTO 
He OyeT BIPaBe CKa34Tb, UTO Taka MeNTeEJbHOCTh B T1pesle- 
‘TAX OJHOH Y3KOH cielluacibHoctH He mMovresna. Ho cca Obl 
MbI 3dHHMAJHCh TOJbKO MeCATCJIBHOCTbHIO B WNpeqedax «y3KHX 
CNeMHANbHOCTeH»>, He BbIXOAA 3a UX PAMKH, TO Mbl He HMCJH 
Obl HH P@aKTHBHBIX CaMGOJICETOB, HH Me€YeHbIX AaTOMOB, HH, ObITb 
MOKET, ATOMHOH 9HEDFHH, CAOBOM, HHYerO, YTO CO3TaHO 
CM@JIOI MBICIbIO, JMOMaIOWUleH paMKH «Y3KHX CMellHaJlbHO- 
cTeliy. Tlopol cmMejoe o6benHHeHHe Pa3HOPOJHbIX SBJICHHH 
OOMWHMH NOHATHAMH MPHHOCHT Neu3MepHMO Gombe obme- 
CTBEHHO! MOJIb3bI, UEM JIBIDKeNHe MO MpOTOpeHnHbIM TTyTAM. 

AstTop CuHTaeT CBOHM TIPHATHEIM JOJTOM BbIPasHTb rly- 
OokylO ONarohaPHOCTh BCeM, OKA3aBIUHM e€My TIOMOLM{b B Ha- 
MHC@HHH 9TOH KHHTH COBeTaMH, YKa3aHHAMH H OOCYKAeHH- 
€M IpyJHbIX BOTpOcoB, H B HepBylo o4epelb akaeMHKy 
A. Wi. Bepry, 6e3 HHHILNaTHBbI KOTOpOrO 3Ta KHHTa He yBU ea 
6bI cBeta, a raxxe vT.T. A. A. JIanyuosy, A. VW. Kurosy, 
JI. B. Kpyumicxomy, M. O. Pepu6éepry 4H MHOrHM JIpVTiiM. 


Mocksa, 1956 r. 
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PJABA 1 





JHEPPETHKA WH KRMUBEPHETHERA 


Hejlb3a mpexcTaBHTb ce6e COBP€MCHHOH KYJIbTypbI 6e3 
HCHOJb3OBAHHA OFPOMHBIX KOJIHYECTB SHEP H3 ecTeCcTBeH- 
HbIX HCTOUNHKOB. Hukakaa oTpaclb coBpemeHHoli HHAYCTPHH 
Ne OOXONHTCH 6e3 SHEpreTHuecKHxX YCTPOHCTB 3HAUHTeIbHON 
MOULHOCTH. OrpoMHble KowlMyuecTBa SUCPrHH PacxXOAyeM MbI pH 
NABKe YWTyHa B MOMHAaX HAM CTaJIM B MAPTeHOBCKUX Tleyvax, 
OO2%KUMAA MHOPOTOHHbIe OOMBANKH Ha MPOKATHDIX CTaHax, CHH- 
Mast CTPYKKy C MHJVIHOHOB MeTaJJIMYeCKHX JleTalell Ha MeTavI- 
‘O0OOpaOaTbiBalollNX CTaHKax, NOJWUMaA H NlepeHoca cTpolima- 
TepHaJIbl Ha CTPOHMIOWatKax, NepemMeulad MUJIIHOHbI TOHH 
rpylita Ha CTPOUTeIbCTBaX THAPOCoopyxelull, MepeBo3a rpy3bt 
H MaCCaKHPOB H3 OAHOFO KOHIWa CTpaHbl B Apyrolt no 3emule, 
BOE H NO BOSLYXYy, BbINOJIHAA CeIbCKOXO3HHCTBEHHbIe pa6orTbl. 
SHeprus, Mpo6Ach Ha MewIKHe MOpUHH, IIpOHHKaeT B Haulu 
*KHJIHULa, OCBeWlaeT, COrpeBaeT MX, NOSBOJIAeT 6e3 3aTPAaTHI 
(u3HYeCKOrO TPya BHINOAHATh MeKue oMalHHe paoornt. 
OHeprud, NpeoO6pasyeMaad MalliHHaMH H3 OMHOTO BHA B ILpy- 
rol, MOCJYWNO CIyKAT He TOKO HallMM MaTepuaabHbM 
NOTPCOHOCTAM, HO H NOMOraeT ynoBJeCTBOpATb noTpe6urocru 
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AyXOBHbIe. CoBpeMeHHad nowMrpaduyeckad MpOMbIIL.IcH- 
HOCTb, TeJe@OH, Telerpath, paHo, TesleBHeHHe, KHHO He 
MOrIH Obl CYLLECTBOBaATb 6e3 YMeJIOTO HCMOJb30BaHHA OOJlb- 
WHX KOJHYeCTB 9HeprHH. Tlonbiraitecb mpecTaBHTb ce6e, 
KaK H3MCHH14Cb Obl KH3Hb COBPeMeHHOTO Topodg, ecu G6bl 
ObVIM BbIKIOUCHBI BCe HCTOUHHKH 3HEPrHH WH HAM MPHILWIOCcb On! 
OOXONHTbCA TObKO CHJIOH COOCTBCHHDIX MbIIIL, H BaM CTaHer 
ACHO, KAaK TCCHO H MpPOUHO CBA3aHa %KW3Hb COBPeMeHHOro OO- 
IeCTBA C HCNOJb30BaAHHeEM SHEPrHH. 

Pa3snHoo6pas3Hble H MHOTOUMCJICHHbIC MPHMeHeHHsA SHeprHun 
Ha MOJb3Y YeNOBEKa CYTb Pe3YJbTaT MHOTOJeTHerO Pa3sBUTHA 
PA3IHUHDIX OTpacdieH HayKH WU TeXHUKH, KOTOPBIe OODCAH- 
HslOTCH OOULMM Ha3BaHHeM 3HEPLreTHK a. JwMekTpotTex- 
HHKa, THApPO- H aIPOAMHaMHKa, TepMOMMNAMHKa, ARCpHaa cbu- 
3HKa H MHOrHe Apyrnve OTpacJIH HAaYKH HW TeXHHKH ABJIALOTCH CO- 
CTABHbDIMH YUaACTAMH SHeCprerHKy. 

OcHOBHble 3HaHwHA BOOMACTH JHEPreTHKH Ob 3a/1O2KCHDI 
yKe B MCBATHAMAaTOM Beke. OTKPbITHe OCHOBHBIX 3aKOHOB 
mpeoOpa3s0BanHa 3HeEprull — MepBoro If BTOporo 3aKOHOB Tep- 
MOAHHAMHKH—NO3BOJHAO MOAXOMHTb cTporo, Cc YHCIOM 
H Mepoli, K KONCTPyHpoBaHHlo 3lepreruyYeCKNX Mali. 

Tleppblfi 38aKOH, 3aKOH COXpaHeHHA 9HeEPrHH lac: 
HEBO3MOXKHO BO3HHKHOBeHHe WJIH YHHYTOKCHHE SHeprHH. 
SITOT 3aKOH yCTaHaBAMBae€T 9KBHBAJeCHTHOCTb pa3HUHbIX 
BHJLOB SHEPrHH MpH ee NpeoOpasopannax, OAM KHMOBATTYAC 
QJICEKTPOIHEPrHH MO*KeT MpeppaTuTpesn B 367 100 KivIorpaM- 
MOMeTPOB M€XaHHYecKOH paOorTHl, He OONbuIe WH He MeHbIULIe. 
OnHako O6bINHO He y/flaeTCH UeJIHKOM HCIOJIb30BaTb BCe 
KOJMUeCTBO DHEPrHH, yuacTBylouleH B mpeo6pasosanun. [Ip 
pa6oTe MaINHHbI YacTb 9HEPrHH pacxosyeTca Nonycty, Ho 
OHa He HcuesaeT, a NepexoauT p Takve BHAbI QNeprHn (yale 
Bcero B TeMJO), KOTOPble yxKe HCIb3A MOJHOCTHIO «coOpaTb» 
H HCHOb30BaTb. Mcnomb30BaTb YaeTCA JIMWWb YacTh 9ep- 
rHH, yuacTBylOWch B mpeo6pasoBaHHH. Ota yacTb (OObINHO 
spIpaxkaeMad B IIpOWeHTax), Ha3blBaeTcA KoOIPPHWHeHTOM 
nosle3sHoro evicTBHsS! MAUIHHbI, MmpeoOpasyiomel seprHio. 
OHHM M3 CJIeEACTBHH 3aKOHa COXPaHeCHHA SHEPrHn ABACTCH 
cemylounee = yTBepvKenue: «KoapuuneHT MoesiHoro eH: 
CTBHA (K. II. J.) MAlIHHbl He MOXeT ObITb OoubUle 100%». TIpak- 
THUeCKH OH BCerga MeHbIe 100%. 

KoukpeTHble OTpacH SHeEpreTHKH, 3aHHMaloWlHnecs mpeoob- 
Na3OBAHHCM SHeprHH, B KaveCTBe OMHOH H3 OCHOBHBIX 3allay 
IIMCIOT TIOBbIWeHHe K. Tl. X. B STOM OTHOIWeEHHH OCTaeTCA elle 
MHOroe ChetaTb. Tak, HanpHMep, K. M1. J. NapoBo3sa OObLYHO He 
MpeBbIaeT HeECKOJIbKHX MPOWeHTOB, H H3 BCeH SHEPrHe: 
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MOJYYeHHOH OT CKHTAHHA Yraa B TONKe, JHUIb MeHee OHO 
HeCATOH pacxofyetca Ha Mepemeuenue NoOe3a, a OCTaJIbHBIe 
ACBATb MECATHIX OeCNONe3HO TpaTATCA Ha HarpeBaHHe OKpy- 
Kalollero BOsTyxa. 

DueprHio, U3pacxomoBaHHyw Ha HarpeBaHHe BO3yxa, 
OObIYHO ye HEBOSMOKHO HCMOMb3OBATb CHOBa HAH Ke, eCJIX 
1 BOSMO%KHO, TO JIHIb 4aCTHYHO. Ecau gpa pesepByapa Tenia 
HMCIOT OHHAKOBYlO TeMMepaTypy, TO, XOTH B HHX 3anaceHo 
OOIbIIOe KOMMYeCCTBO 93HEPrHH, HCHOAb30BaTb ee HeEBO3MOX- 
HO, He MpHBJIeKkaH Ha NOMOLUb pesepByap c 6onee BbICOKO! 
HH Goee HH3KOH TeMMepatTypol, Ito YTBeEpKAeHHe ABIAeT- 
CAH OHHM H3 CJI€ACTBHH BTOPOrO 3aKOHa TePMOAHHAMHKM. 
Bropo 3aK0H MOXeT 6bITb COpMYJIMpOBaH TaK: HeBO3MO- 
*KEH MPOWCC, CAHHCTBCHHBIM Pe3YJbTATOM KOTOPOrO ABYJOCb 
Obl Npespalllenne Tena B pasoty. 

Ilepppi u Bropol 3aKONbI WaloT BO3MOMKHOCTb CTAaBHTb 
pa3syMHble TpeOoBaHHA K 3HEPpreTHYeCKUM CHCTeEMaM H NOKa- 
SbIBaIOT, UTO OT HHX MOMKHO TPeOoBaThb HW Vero HesIb3 A. 

IIpapaa, uM QO HaWHxX Hel emle BeTpeuatoTca rope-H30- 
OpeTaTesH BeYHBIX ABHraTeseli, mblraiouLneca o6o0lTH HOO 
Ne€pBbIK, HOO BTOPOH 3aKOH HM NOJYUHTh 9HeEprMio 3 TaKHX 
HCTOUHHKOB, H3 KOTOPbIX €e HEBO3MOMKHO H3Beup. TlonpirKu 
<H306peTeHHA» BeYHBIX ABMLraTeseli He MPHHOCAT MOAbSHI. 

OuepretuKka elle He CkKa3aqa cBoero MocmemqHero csl0Ba 
H MpOAOKaeT HEYKMOHHO H OnICTpO pa3BuBaTben. Jlocta- 
TOYHO HANOMHHTh, 4TO CeHuac Ha4yaTa HOBaA TiaBa 9Heprem- 
KH—HCIOJIb3OBaHHe aTOMHOM oHeprHuH. Ilo sTOMy nyTH cHema- 
Hbl TOJIbKO MepBble War, H B HAaCTOALMWee BPeMA elle TPYAHO 
NPCACKa3aTb, HACKOJIbKO CHJIbHO HCIONb30BaHHe 9HeprHH 
aTOMa H3MCHHT OOJIMK SHepreTHKH. SICHO TOJIbKO, TO 3TH 
H3MCHCHHA OYAYT SHa¥HTeJIbHLIMH AH YTO B pesyJbTaTe UX 
«MDBIUUbO> YeOBEYeCTBA CTAHYT elle 6O7ee MOTY4HMH, 4eM 
B Haulv HH. 


YnpaBaenve NoTOKaMH 9HEprHH 


Beakoe NpHMeHeHve WK HCHOAb3OBaHHe 3HeEprnuH Tpcbyer 
yn paBAeHH a eé NOTOKOM. Jlio6yio 9HeEpreTHyeckyl0 MalH- 
Hy HYy2KHO IlyCKaTb B XOX H OCTaHaBJIMBaTb, PeryJIMPOBaTb ee 
pa6oty. Jl60H TexHomorMueckHi mponecc Tpe6yer u3sMeHeHHs 
KOJIMYCCTBA NOABORHMOH SHEP BO BpeMeuHH. 

CaMbIM CYULeCTBeHHBIM B Mpolecce yllpaBseHHa MOTOKOM 
SHEPrHH ABJIACTCA TO, YTO DAA OCYWECTBUICHHA ylpaBJIeHHA 
HEOOXOMHMO BCerfa MeHbIUee KOJIMYeCTBO 9HEPrHH, 4eM TO, 
KOTOPbIM ynpaBatoT. Ecun 6br STO ObIIO He TaK, TO YIpaB- 
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JICHHE ObiIO Obl HEBO3MOXKHO, JlO6o0e yupaBisloulee yerpoH- 
CTBO HM€€T B CBOCM COCTa4Be «KJlallaH», KOTOPbIii OTKPbIBacT 
HJIH 3AKPbIBaeT T1yTb OOJbUIOMY KOVJIMYeCTBy 9HeprHH H KOTO- 
PbId TpeOyeT MIA CBOero «cpa6aTbIBaHHA» CPaBHUTeJIbHO Ma- 
Jloro ycensus. Takoro pola «KjlallaHaMW> ABJIAIOTCA 3JIeKTpPOH- 
Hble JIaMIMIbl, pesle, KOHTAKTOPbI, BbIKJIOUATEJIH, APOCCeJIbHbIe 
3aCIOHKH WBHTatTeeH BHYTPeCHHerO CPOpaHHA, 30JIOTHHKU Mapo- 
BOH MalHHBI, BOOMPOBOAHbIe KpaHbl UT. 4. Bee ycrpoiictBa 
10,L0OOHOro POA MOKHO PacCCMaTPUBATb KaK YCHINTeH, KOTO- 
PbIC It0.1y4aloT 1a «BXOA» Cc.1a60e BO3SAeHCTBHe WM jafoT Ha «BbI- 
XO,1C> COOTBETCTBYIOMLEe JCHCTBHE GOJIbUIOH CHVIbI, WWI KOTOPO- 
rO 3Heprasx YepNaeTcH u3 MocTopoHHero ucTOUHHKa. Yecuune, 
KOTOPOe NPHKIaLbIBaeTCA K PYKOATKAM ypaBMeHHg Maposoll 
MAIUHHbI JKOKOMOTHBA, COM3Me€pHMO C CHJIOM MbILI, GelOBeKa, 
H YeJIOBeK, CTOAUMH Y MA@lUHHbI, TBHKCHHEM CBOHX PyK ylIpaB- 
JiseT 3HeEprveH, BO MHOFO pa3 MpeBblilawmel ero coOcTBeH- 
Hble SHEpreTHyeCKHe pecypcnl, | 

IleppoHayaibHo, Ha 3ape 9HEPreTHKH, TOMbKO UeJIOBeK- 
MauWHHHCT CTOAJ Y PyKOATOK ynpaBJIeHHA MaUIHHOH. B «art- 
mMocepwyeckolH MauMHe» HbiokomeHa axe yipapaenue 30- 
JOTHHKOM JIA BIycka mapa B UHTHHIp Mpu KaxKJOM 
XO/le MOPUWHA OCYUIECTBIANOCb MallHHHCTOM, H CKOpOcTb XO/la 
MalUlHHbl 3aBHce/la, TaKHM O6pPa30M, OT ero pacTopomHocrTu. 
Ilo npeqannio, Mawbunk-Mawunucr Tem@pu Ilorrep 3acrapua 
MalllMHy CaMO€ JepraTb PyYKy 30JIOTHHKAa B HYKHbIiT MOMEHT, 
IPHBA3AB Py4Ky BepeBOYKOH K WaTYHY MalWHHbI. ITO GbliVI0 
O.UHM H3 Me€pBbIX TIPHMCHEHHH OOpaTHOH CBA3H B MALUIMHEe, 
KOTOPOe COXPaHHJIOCb B NPHHUHMe oO Hallux THe WH KOTOPOe 
OyeT, BEPpOATHO, CYMWIeECTBOBaTb elle oro. M306perarevp- 
Hb H JIGHHBbIM M@IbYHK Tepeslasl cBOH O6A3aHHOCTH HO pe- 
ryIMpOBaHHIO BHYCKa Mapa CaMOHM MaIUHHe, NpHyemM OH pas3- 
Ppy3H.I 9THM HE TOJIbKO CBOH PyKH, HO—4TO MPHHILWNHaJIbHO 
ropa3q0 BawkHee— HM cBOe BHUMAHHe. 


Peryantop JiKemca Yatra, uacTo NMPHBORMMBIM Kak kKJIac- 
CHY€CKHH MPpHMep aBTOMAaTAa PeryJIMPOBaHHA, OTHOCHTCA K TO- 
My Ke Kaccy yCTpOHCTB, 34MCHAIOUMIX J@ATCIbHOCTb YeJI0- 
BeKa Ip BbINIOJIHEHHH HM OAHOHM onepaluy. B maHHom cJlyuae 
91a OnepauuaA 3akiougeTca B NOWMePKaHHH CKOpPCCTH xoNa 
MalUHHbI MOCTOAHHOH  MOCpeCTBOM pery/JINpoBKH m10,1,a4ul 
Napa pH H3Me€HeHHAX Harpy3kk. PeryATop oOTBOAMT He6oub- 
INVIO UaCTb 9HEPIHW MALIN U HallpaBsAeT ee Ha MPHBeTeHHe 
B fleliCTBHe peryJlHpylollero KJlamaHa—3aCOHKH,. OToro He- 
G6OJbLIOrO KOJIMYeCTBA SHEPrHH MOCTAaTOUHO JIA yipaBeHun 
MaILHHOH MOTOMY, YTO 3aCJIOHKAa, TOROOHO ApyrHM = ycTpou- 
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CTB4M «KJIalMaHHOrO» THMa, OO/laqaeT CBOHCTBOM «YCH.IeHHs». 
DJHeEprHA, OTBOAWMan WIA peryJIHpOBaHHs, HeceT «CBeJe@HHA» 
O6 H3Me€He€HHAX XOJa M@WHHbl. OTH CBeACHHA PeryATOp HC- 
IOIb3yeT IIA TOPO, uTOOb! BO3MeHCTBHeM Ha 3acJIONKy pery- 
HpOBaTb xoX. B cyulHOCTH TO Ke ela wu yesoBeK, Mepe- 
WaBlHH CBOH MYHKMHH peryJlATopy. 

HM celivac elle yeloBeK MpOOMKaeT YIPaBJATD MaluHHOl 
HENOCPe€ACTBeHHO, HAXOANCb B OYAKe KPaHOBLINKa WIM 9KCKAa- 
BaTOPIlHKa, CHAN 3a PpyJIeCM ABTOMAINHNbI WH TpakTopa, 
epxka B pyKaX IWTypBaJl Kopa6.IA Wu Py¥Ky KOHTpO.epa 
3I¢KTpomoesiqa. OtHaKO co BpeMeH Yatta nu HblokomMena Ma- 
IHN bl HaCTOAbKO «IOYMHCJIM>, YTO HEKOTOPble H3 HHX MOTYT 








Puc. 1.2. LleutpoGexnoit peryantop. 


Ifapopan Mamuna / pa6oTraer Ha Harpy3ky 2, OAHOBpeMeHHO BDpallan peryaatop. 
BmMecre ¢ BasomM 3 BpaulawTca rpy3b 4H O6olima 5. Ecau narpy3Ka Ha pay Mawuinibl 
YMCHbUIHTCH, Bad HaGHeT BPallaTLcaA OblcTpPee, rpy3M NOM NelicrsyvemM WeHTpobex #oft 
CHJIBT pasOHAyTCA B CTOPOHDI WH NOAHUMYT OOOliMy. CKOAb3aaULNA BOMa3y OGOAME KoHeL 
pbluara 6 Takyxe nozHHMeTCA. Ji pyro kone pptyara ONnyecTHTCA H ONYCTHT 3aCI0I- 
Ky 7, fepekpbyBan TpyOy 8 i yMeHbilad AocTyN Napa B Mamnny. B pe3syaLtate pa6o- 
ThE peryANTOpa MALINHA JIL HEMHOTO YRCJIHUHT O6OPOTH, HECMOTPA Ha yYMCHbIMeCHHC 
Harpy3kuH, 


OOXOMHTbCA BOBCe 6€3 NOMOULH 4YevIoBeKa. Uentopek xe B TeX 
CyuaHX, KOrMa OH MPHCYTCTBYeT, BLINOJIHAeT JIHUIb OTe PalHH, 
KOTOPbIe MNovYeMy-JIHOO elle He AaBTOMAaTH3HpoBaHb. Mauna 
«CaMa» TIPHHHM4eT Mepbl NMPeCAYNPOKACHHA MPOTHB BPeAHbIX 
NOCMeACTBHH H@BHHMATCJIbHOCTH H OHOOK 4eOBeKAa. 
Pematoulylo POJIb B Pa3BHTHH TeCXHHKH aBTOMATHUeCKOrO 
YipaBJICHHA SHeEPreTHueCKHMH YCTPOHCTBAMH CbIrpasoO NOANBJe- 
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HHE QJ€KTPOHHKH—TeEXHHKH MpHMeHeHHA npH6opos, Hcnoub- 
SYIOUMMX CBOHCTBa 9ACKTPOHHBIX H HOHHBIX TOKOB B BaKyyMe 
H MOAYMPOBOAHHKAX, a TakKKe MOCTHKeHHA TeXHHKH CBaA3H. 
Co3naHHe ObICTPOAeCHCTBYIOWIHX, HaeOKHBIX B IKCIWIYAaTAWuH 
YCHJIMTeeH HU pele Cco3qal0 OrpoMHBle BO3MOXKHOCTH JMJIA 
cBTOMATHYCCKOrO YIPaBJICHHA H yIpaBJIeHHA Ha paccTosHHy. 

Korga Mbl Ha6HpaeM Cc NOMOMLbIO AHCKa HOMep Tevledoua, 
MBI MOYYaeM COCAHHeHHE C HYKHBIM aGOHEHTOM—OZHUM 3 
N€CKOJIBKHX A€CATKOB HJM COT€H TBICAY, MPH4eM HH OHH Ue- 
IOBCK He yuacTByer HeNOCPeACTBeEHHO B OCYLLECTBAeHUH Co- 
CAHHeHHsA, Bpautenue HaGopHoro AucKa Nok HauluMu nas- 
WaMH ObICTPO WH Hae@KHO ynpaBuaer pa6oraioulumn Telepou- 
HBIMH HCKaTeIAMH Ha ATC, pacnonoxeHHoi 3a HeCKOMBKO 
KHJIOMCTPOB OT HalleH -KBapTHDHI. 


Croaulmii y Bac B KOMHaTe XONOAUAbHNK cam CHEHT 3a 
HOCTOAHCTBOM TeMMepaTypbl cBoero ulKatba, He monycKkaa Hv 
HarpeBa, HH WepeoxXtakMeHHA ero comepxKuMOrO, OH yipas- 
AA€TCH ABTOMATHYeCKH, | 


Cu10%KHbIe COOOUIeHHA, MpHka3ni, PacnlopaAxKeHHA nepera- 
loTcH MO TeNeouy, Teserpady, paguo, Itu MpHKa3b Yiipas- 
AMOT MeHCTBHAMH JOReH—-HcnomHuTeNeH. Pucynku, Y“epte- 
KU, PoTorpamun Mepenawres no (bototeserpadby. Emre 6oace 
CHORKHBIC COOOULEHHA Tlepeszalorca mo cHcTreme TeEJICBHIICHHAL, 
ACBOAA HO SPHTeJIA ABHKYIULeCCH H306paxenune, cepoe Hi 
IBETHOe, OANOBPEMCHHO CO 3BYKOBbIM COMPOBOXKLeHHeM. 

Ilepeaya coo6urennuii ua PaCCTOAHHE, yilpaBmenne Ha pac- 
CTOMMHH, ABTOMATHYCCKOe YiIpaBleHHC—Bee STH OTPAacsIM TeX- 
NHK BbIPOCIH B Heylpax SHepreTHKH, Ha OCHOBe ee TexIIt- 
N€CKHX AGCTHAKCHHH H WIA OOCAYKUBAaHHA ee HyKA. OnnaKo 
COBCPINCHHO SICHO, YTO YPaBJeHHe He CBONHTCA K OZHHM 
TOALKO UpeoOpas0BaHHAM SHEPrHH, y Hero ect cnelndnye: 
CKHE OCOGCHHOCTH, KOTOPbIe 3aCyKUBAWT OTMeAbHOrO H3y- 
UCHHA. 


Ilya B aBTOMaTax Hu ynpaBaenuuy Ha PaccTOsHHH OCo- 
OcHHO BO3pOoca H cTada HacyilNOH MOTpeOHOcTbIO, KOMLa 
POAHTACh HOBaH OTPaCjlb SHEPreTHKH—HNCHOMb30BAaHHE Ae p- 
HOW sueprun. V3pectHo, uto HENOCPeACTBeEHHOe COMpHKoOcHo- 
BCHHC UCOBEKA C PaHOAKTHBHBIMH MWpenapatamu BbI3bIBAeT 
OAKOTH, JTYYeBYIO OONle3Hb HW CMepTb, TodlbKo O4eHb He6ouIb- 
He HOPWHH JIYGHCTOH SHeprHn Tepenocsatrea KHBRIMH opra- 
HH3Ma4MH 6e3 Bpena. Tlostomy ynpaBaenue ARC PHbIMM Ne4AkK- 
HHAMH, MPpOUeCCaMH H3TOTOBJIeEHHA H HCCAeOBaHHA DanHoaK- 
THBHBIX Mf€lapaTOB HE MOKeT MPOH3BOAHTbCA pykaMH Ye.to- 
BCKa H MO ero HENOCPEACTBCHHbIM HAGJTONeHHEM., 
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K cuacTblO, K MOMCLTY NOABICIUI ACPO sileprerHkKil 
VKH y HeJOBeKA Ob YR MOCTATOUHO «JWIMHHBIMH» I M1a3ci 
MOCTATOUHO «KJaIbHOSOPKHMIIY, YOO! CHPaBHTbCsH C JLOBbIM)I 
salauamMi. TexiiaKa aBTOMaTH¥eCKOrO H AHCTaHWMONOrO VII 
paBAeUHA MOMBHTACh pallblle AXepHbIX peakTopoB. BoJIPWe 
H MAaJIbIC 2IEKTPOCHJIOBbIe CTAHILHH, VIPa@BJIAeMbIe NOTLOCTHIO 
ABTOMATHYeCKH, padoTatn yxKe Oolce ABYX MecATKOZB Mer TO- 
My Ha3au, Hla TakHX CTaHIMAX BCe OHePpalWH NO Nery INpPoBa- 
HWIO HAMpsPKCIUIA B CCT NP H&MeNHCHHAN Iarpy3kil, aBapHil- 
Had Salta, Hepek-NOUeHHS arperaroB, perydhHposailie IN 
DEKHMA paGoThl, COBOM, BCe TeKYIMHC OMepaluin OOCMYKH- 
BaHHS! MPOH3BOAATCA aBTOMATHYeCKH. ToJlbko B CJlyyae Tv- 
GoKorO HOBPER MCHA ACHKYPHHI HUKeHEP BbISHIBACTCA ABIO- 
MarHueekit AelicrByloulelt aBapuitnoll curnadusaunen, Taxasl 
Ke CTAHWHS, HO C PY4SHBIM YUpaBsICHHeM, TpeOyer {Ld CBoOeTO 
OOCYKHBANNA HelpepbIBHOTO BHUMAHHS HO YCH.THI Govrec 
ecatTka paOOTHHKOB. 


AproMaTH¥eCKHe MeTCOpaNHOCTAaHHHH COPacbiBalorca C ca- 
MoweTa la napaliore, CaMH (C MOMOLUIbIO aBroMaTa) ycTaaB- 
NHBAIOTCH B padordee BePpTHKATbHOe NOMOMREHHC, BKAOUAIOTCH | 
B paodory HB TcucHHe OJIroro BpeMCHH peryAPHO Mepeaoy 
HO DaTHO pe3yAbTaTL MeTeonad6Jio7ennH. 

OueBHAHO, YTO HCKOTOPDIT H MpHTOM He CeWIWIKOM  Y3hi II 
KDYP OOAZAHHOCTCIL UCOBCKA, CBASAHHBIX C MPHMCHeHHeM He 
MYCKY-IbHOM CHJIbI, @ BHHMAHHa WM COOOpasnTebHOCTH, M01 
HOUeHHO BbINOHAeTCH 6e3 ero MpHcyrcTBuA YyCTpPoHcTBaMi 
aproMariueckoro ylipaBdleHHa. Ela Hallux fMla3saX MalHibl 
KOTHUMAIOT» y YIOBeKA BCe GO.1bile OOAZANHOCTeH HO yilpaB- 
qeHHio aHeprueli, Co6OcTBeHHO, CaMO TNONsTHe «MallMHa» pas 
sponsocb. Mauintioli Mbl Wa3blBaeM H ABHrdaTC.1b BHYTpCHHero 
cropaHust H QICKTPOHHYIO CueTHYIO MaLully. Mobl, Bo H36eKa- 
He NYTAHHILb, 6YCM Ha3bpIBaTh «IHePreTHyecKHMH Malldiad- 
MIM) M@IWHHbI THIa JBHraTeds) BHyTpeHNero cropaHvaA HTH 
fapoBoll, MmpeoOpasyioulMe OAM BHA SHCprHHy B npyronk, Uto 
“KO KacaeTCA CYCTHDIX MaUIMH WH CHCT€M yiipaBJIeHHs!, TO Mbl 
‘LaQuM HM He€CKO.IbKO MO3Ke Apyroe WasBanue. 

[Llospeienwe OblcTPOACHCTBYIOULIN 9TCKTPOMHDIX ILH@POBhIX 
MAQUI, Hel --- Kak WX elle Ha3biBaloT — Mal AWCKpeTHOPO 
cycta, p@3KO YCHHAO «<HacTyH.TcHHe> Malwa Ha O61acTh Hil- 
TOIEKTYATDHOL YEATOBEYECKOH EATEABHOCTH HTH, MPOUle TO- 
BOPH, MO3BOMILIO pe3KO YCTORUNTH NOpywaeMplc MallHiiaM 
onepauHn yipapsenua. JJocTaTouno CKa3aTb, YTO aBTOMaTl 
ueckHe ycTpolicrBa TaKkoroO THMA AOKA3saIH Ha ACTe CBOIO 
cnocoOuocTb He TOsIbKO 3aM€HUTb TPY MHOTHX AeCATKOB H 
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COTCH TCXHHKOB—BBIVHCINTeeH, HO AakKe BbINOIMATD YXUBH- 
TCJIDHBIM OOPa30M Taklie, Ka3aulocy Obl, HEOTbeEMJIEMO Ye1OBe- 
“eCKHe OOA3AHHOCTH, Kak HepeBod TeKCTa c OAHOrO H3bIKa Ha 
Apyron, HaNpHMep, Cc aHrviulickoro Ha pyccKuH, HeckoupKo 
‘CT Ha3al MpeAnOAOKeHHE O BOSMOMKHOCTH NOPYYHTb Nepepon 


MaluHHe MHOFHM TOKa3a0cb 6bI mIoIOM boOnBHOT (paHTa3un. 

EcIM MallMHa wu yenoBeK CTAaHYT COPe€BHOBATbCaA B BBI- 
NOJHCHHH OHOH Kakoli-1H60 onepaunn, MpeACTaBAlOWen co- 
Ooll Gomee HUT Merec CTOMKHYIO PeakKUHIO Ha H3MeHeTHe 
BHeINHe€H OOCTAHOBKH, TO Ti@pBOe MeCTO, 6e3ycJloBHO, ocTa- 
HeTCH 34 MalHHOH. Mauna pa6oraeT Bo Muoro pas Obictpee 
H HaWexKHee, 4YeM YeJIOBeK, OHA He MOABepKeHa ycTasocrn, 
1e OTBUICKaeCTCH, CH HE CBOICTBeHHBI JIPyrHe wUewsoBeyecKHe 
Ca6OcrTH. 

YeOBeK, MPH3BanHblli BHINOUIHATE OAHY CAHHCTBeEHHY!0 ofne- 
Paulo, HalpHMep, BecTH TO poBHOH, CBO6OAHOT oT IIpenat- 
CTBHH Mopore aBTomaumny, paOoTaer kak aBromar. Ero pa- 
Oora Tem wJyuule, vem TOUHEE, CBOCBPCMeHHee UH ABTOM a- 
THUHEee ero peakunn. Bcakoe orpaeyeque BHHMaHHa, BCAKHEt 
“BBIXO H3 Pe€KHMa aBTOMATAa», 4peBaT AIM Hero y qacca- 
*KUPOB HeNPHATHBIMH TlocmwencTBHAMU. Ero padota MoxeT 
ObITb TOUHO ONMCaHa B Tex xe TePMHHAaX, 4YTO H pabota aB- 
TOMAaTA, 

Ho cla6octbh uesoBeka, HIPpH3BaHHOTO BCe BHHMasHe oTgza- 
BaTb BBINOVIHCHHIO POJIH ABTOMAaTAa, C1a60CcTH, 3aKJ104 alollan- 
CA B TOM, 4TO OH MO?KeT TepeKJHOUHTH CBOe BHUMaHue Ha 
HeITO Apyroe—oTBaleybcx, OHA Ke ABAAeTCA ero riaBHott 
CHJIOH, KOTOPpOH HHKaKaad Maliuna we MOMKeT MOXBACTATbCA. 
HeNOBeK MOKeT BBINOMHATE PYHKUHH 11060Tr0 aBtTomarta, 
N€PCCTPaHBadACh C ONHOM 3aNaun Ha Apyryro u o6yuasnch je- 
‘TaTb Kaxkqoe NelO HaWJyUMM O6pa30m: BecTH wO60it 9KH- 
Mak B JHOOBIX YCOBNAX, CJICNUTb 3a xo0OM IIPOH3BOACTBEH- 
HOrO MPOWecca, BLIYHCIATD, H306peTath HT. 4. Kpome Toro, 
OH MOKECT BbIOpaTb, KaKy!IO H3 3a1a¥y CMY HYXHO pellatTp 
B HACTOAUIHIT MOMeHT, ciopMy.tMpoBaTD STY 3akayy uo HaliTn 
METOAbI €e pemlenia. Hf xXoTa yoke cyulecTByer MHOrO aBTOMa- 
TOB, Kab H3 KOTOPHIX pelmaer OAHY H3 3afay, o6nryHoO 
PellaeMBIX YeTOBEKOM, MH UYHCIO THIOB TaKHX aBToMaToB 
NeMmPEPbIBHO PacTeT, TO HACTOAUerO BPeEMeHH eLle HeT TaKOro, 
KOTOPbI petal Obl ux B Ce. Brpouem, MBI He MOxKeM NpHBecTi 
VOCMUTEIBNbIX JLOBO,10B, KOTOpble ONMpoBepraln Obl BO3MOXx- 
HOCTb CYMLCCTBOBaHHA H TaKOrO aBTOMaTa. - P 


i 
B Tese XHBOTHBIX, B TOM YHCJIe H UeTOReKa, HeNpepbIBHo 
NTpPOTeKaeT OOJIbUING UUC1O ITPOWeccos, KOTOPDIe BHOJIHE TIO- 
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AOOULL PaOOle TeOXUMYUCKHX GBrOM4TOB, XOTH OHH H T1pote- 
KAIOT B COBCDIJCHHO HHOH PH3HYeCKOH cCpele H BK.MOUAaIOT 
3 CeOA PaOOTY AHBDIX TKAHCH Ho KMeTOK, KOTOpPbIe MO cBOeH 
MPUpOe COBCPIUEHNO OTINYNbI OT pele, PakOJIaMMbl, pblua- 
ra, WoToKa napa. li Tem He MeHee peryJIHpOBKa 9HEprerHye- 
cKoro mpomecca HarpeBa H OX/laKTeHHA MH NOAMepxKaHne No- 
CTOHHCTBa TeMMepaTypbl Tela TeMIOKDOBHbIX 2%KUBOTHDIX 
B TIPHHUNe BNOIHe MuMOOHbI peryHpoBke TeMNepaTypbl 


B TepMOCcTdTe. ITO CXOACTBO MO?KHO MpocieluTb axKe B AC- 
TaJIAX. 


Vuccrnuo, OLHAKO, CHPOCHTb, He ABJIAeTCA Ju rpy6ok omH6- 
CH NpoBesleHhe CpaBHeHHH MeK]Y KABHIMH OPraHH3MaMH H 
MeXaHu3MaMH? He pnafaem JM MBI IpH 3TOM B «BYJIbrapHplil 
MCXNAURIH3M»? TLO-BIjWHMOMY, MOZOGHbIe CpaBllelllis MPOBOLATD 
MOKUG, TEM 6o.lee@ UTO CHM MPOBOAHJIHCh H MpOBOAATCA yxRKe 
slapHo. Mbt 2aBHO H3y4aeM XHMHYeCKHe TpeBpalleHHH Be- 
HLCCTB B TKAHAX AKKBBIX OPfaHH3MOB H MHOrHe Peak I10- 
Bropaem B mpoOupke. Mp u3yyaeM OOMEH SHEPrHH B Opra- 
HH3Me, TIOJCUHTHIBAaeM TeMJOTBOPHY!IO CHOCOOHOCTb TMHULH, 
HOMMOMULAeMOll OPraHH3MOM, H3Y4aeM MCXAHH3Mb! pbldaros, 
O6pasyeMbIX KOCTAMH cCkKeJleTa WM CKeJI@CTHBIMH MbIILUMaMH, 
Maelo TOFG, Mbl BMCLUHBaeMCA WH B M@€Xa4HHKy HW B XHMHIO Opra- 
1M3Ma, HCNpaBad ero HeOCTATKH Ha OCHOBC 3HaHHM MexXa- 
HHKH, (pHSHKH H XHMHH, TipeANpHHHMacM XHpypruveckoe I 
Me HKAaMeCHTO3HOe JeYeHHe H MPH 3TOM He 3a/,aeMCH HHKAKHMI 
honpocamMH O «BYyAbrapHOM MeXaHHWW3Me> WIM «<ByJIbrapHOM 
NUMH3Me». Ecau i ApyrHe 3aKOHbl MpHpOAbl, 3aKOHbI yUpaBilc- 
HHA MOCDCACTBOM CHIMaJIOB, OKa3biBAlOTCA MPHMCHHMbIMH PaB- 
HO KaK JL9 XKHBOM, TaK MH JIA MepTBOH MaTepHH, TO BPA JI 
uTO-cIH60, KPOMe, pa3sBe, NpewpaccyAKoOB, MOKET 3anpeTHTb 
PaCCMATPHBaTb H HCIMOJIb30BaTb H STH 3aKOHHI. Bpuio BpeMs, 
KOP1a H3-3a TeX 2%KC WpewpaccyAKoB cTpomahume 3sanpewiaoch 
BCKPbITHe TpyroB. T1paBsa, sTO ObIIO0 OYeHb AaBHO. CeroaHst 
Mbt MOUKCM He {lOd2KHfbI paccMaTpHBaTb *aktTpl 6e3 MpeyyoexK- 
‘OHHH, NCTKO YCTaHaBJMBaH KaK CXO/MCTBO, Tak H PasTHUHG 
B SABACHHAX TIPU pO/Bl. 

ABTOM@TH3MbI HaOsnomaiTca He TOIbKO B ACHTeJIBHOCTH 
BHYTPCHHHX OPraHoB, HO HW B NOBECHMH ACHBOTHDIX, ITO Tak 
HA3bIBACMLIC KOTPAXKCHIbIC JBIKEHHA>, HIM ped@JeKCb!, KOTO- 
Phe TOABIAIOTCH C «MANIMHHOM» peryAAPHOCThiO H Bcersa 
ONWHAKOBO TIDH OJHHAKOBBIX pas MparKeHHAX, Ilo ux H3MeHe- 
HAM CVLAT OO OTKIONSINIAX OT HOPMbI B paboTe OpraHysMa. 
Saunt, He TONDKO BCATCAbHOCTbh BHYTPCHHHX OPpraHoB TC.Td 
XKUBOTHOFO, HO H ero MOBEMeHHe, MOKHO NOCTABHTb, KOHEMHO, 
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& LOUDKHOR OCTOPOKHOCThI, B OAUH DHA C paooTrol tTexynue- 
CKHX aAaBTOMAaTHYeCKHxX YcTpoxicts, PacCMaTpHBaTb Hx, xoTs 
Obl OTUACTH, C eEMMHOH TouKH SPeHHA, IPHMeHAA ObLyIO Me- 
TOAHKY, ONHHAKOBBIC KPHTCPHH OWUeHKH YT. J. 

Hecomuenuo, yto o6o6ulenve cBenennh y Me€TOHOB Kak 
TEXHHYCCKHX, TaK H 6HOMOrMUeCKHYX HayK Ha OCHOBe CTpororo 


CELT CUHTATh BECbMa XKeJATeIbHBIM. 


Ho BO3MOXKHO JH 3TO B JCM CTBUTeIbHOCTH? He sBuasetcs 
‘IH BC@ Ke MKUBAA NpHpona rAyOOKO KayecTBeHHO OTANYHO; 
OT HeKMBOH? He cronr au MeK HUME HEMPOXOMHMas CrTeHa, 
KOTOPaA He MOSBOJIMT YCTAHOBHTb e2HHbIe B3rJIA bl H MeTOABI? 
}1 MOMKHO JM cBeCTH RBCe NOBECHHE MKHBOTHBIX, HX MIpHcmoco6- 
‘I€HH€ K YCJIOBHAM CDeqb K aBTOMATH3MaM, IIycTb axe 
OYCHb CJIOXKHBIM? 

YH. M. Ceyenos orseuan pa STOT BOMpoc yrBepaAHTeBHy, 
OH mca B cBoe pa6ote «Pedekcbl rosoBHoro Mo3ray: 
«... BONpOc O NOJHeHWeH 3aBHCHMOCTH H aH POH3BOVJIbHeH IHX 
H3 MIpOH3BOJIBHBIX IIOCTYMKOB OT BHELIHHX YCJIOBHH Y4esloBeKa 
pelen yTBepkuTebHO. Orciona xe POKOBbIM OOpa30m_ cule- 
AyeT, 4TO TIpH ONHHX HW TeX wKe BHYTPCHHHX HW BHELWHUX ycuJo- 
BHUAX YEOBEKA N€ATCIbHOCTh ero JOKHA 6bITS OHa H Ta Ke. 
Bu6op MC*Kily MHOTHMH KOHWaMM OHOrO H TOTO 2%Ke NcCHXH- 
HeCKOrO pedJlekca, CJleOBATebHO, NOJO2KHT@IbHO HEBO3MO- 


*KEH, a KaKYUlaACH BO3MOXKHOCTh eCTB JNU oOMaH 
CO3Ha4HHA...» 


HM. 11. NaBnop pasgenaa sto Muenne. Og nucaa: «... Ueso- 
BCK €CTb, KOHC4HO, CHCTeMa (rpy6ee rOBOPA—MalluuHa), KaK 
H BCAKaA Apyrad B NpHpode, NOMYHHAIOMAaAICA HEH36ExKHbIM 
H CAMHBIM JWI BCe€H MPHPOAbI 3aKOHaM, HO CHCTeMa, B ropu- 
3OHT€ Hallero COBPCMeHHOFO HayYHOrO BUACHHA, CAHHCTBEHIIAN 
nO BbIcCOuaHWIeMy CaMmopery.IMpoBaHHl. Pa3Ho06pa3nHo camo- 
pery/iu#pylOulHeCA MalIHHb! MbI yKE MOCTATOUHO 3HaeM MX Ay 
HSACAHAMH YEJIOBEYeCKHUX PyK. C 9TOH TOUKH 3peHHa MeTON 
H3Y4eCHHA CHCTEMbI—YeJOBeKa TOT Ke, KaK UW BCAKOTT Apyroi 
CHCTEMBI: Pa3sJIOMKeHHe Ha YaCTH, H3y4YeHHe 3HAaYeHUA KaNiAoll 
4YaCTH, H3YYeHHe CBA3H YaCTeH, H3YYeHHe COOTHOWEeHHT c OKpy- 
*KalouleH CpeAch HB KOHUe KOHIOB NOHMMAHHe, Ha OCHOBAHHU 
Bcer'o STOrO, ee OOWeH paboTbl H yipaBNeHHe elo, ecH 93TO 
B Cp€ACTBax 4eJIOBeKa...» 


Uro KacaeTca pa3M4HA WH CXOACTBa «KuBOM nH HEKYRBOS 
IPpHPObt BOOOLIe H BOSMOXKHOCTH «<O6bACHeEHHH> BCeX sABIe- 
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LNT C CIMOH TOUKH 3peHIist, TO HO 9ITOMY HOBOAY MOzKIO Bbl- 
CKa3atb ie@koTopble OOuLHe COOOpakKellHa, XOTA MUOrHe CTO- 
DOHbI Npoleccos, MpOTeKalOllwuX B MUBLIX OPrall¥3Max, HaM 
CLE He COBCEM SICHDI, 

Beakoe du3nycekoe Telo 6ObDWHX pasvepoB (HAH, Kak 
roBopsaT, MAaKPOCKOMHYeCKOe TCO) COCTOHT U3 MOdekya (Wm 
MHKPOCKONHYeCKHX YaCTHL), O3pa3H4GHO, MPHHAAIeKAT cH 
ITO TOO HUBOlL He MepTROl mpupowe. Bee cBoHcTBa Makpo- 
CKONHYCCKHN TR ONPCIGIMIOTCA B KONeGIOM UTOre CBOHCTBAMI! 
MHKPOUACTHI, UW XAPAKTePpOM UX B3aHMOseHCTBUA, OAHAKO Ali 
YKHBbIX OPFaHH3MOB 9TA 3ABHCHMOCTb NPOABAAETCH, MWO-BUAH- 
MOMY, HUauye, 4CM Wis TEL MCpTBOIL MpPHPOABl. 

Beakat Modckyla mpeserapaser co6oli ycrofunpoe oOpa- 
30Balne, Ola Ne H3MeCHHCT CBOCH CIPYKTYPbl Hel COCTOHHHA 
mo TCX Hop, WOKa Ha Hee He G6yAeT OKa3aHO BO3TeHCTBHe 
H3BHe, OOIamaloulce MOCTATOUHO GoNbUOH sHeprHueH (Tello- 
Boe coyslapeliiie ¢ Apyroll MOvIcKy.IOH, Coyapeitie C 3vIeMoH- 
TapHoll YacTHUel, BosTelCTBHe Nods). 

Moueky.bl, coOpaiibie B OOILIOM KOIHYeCTBC, OOpa3yloT 
(PHBHYeCKOE TeslO, OG1aLalOWee HOBbIMIT CBOHCTBAMH, KOTOPbIX 
He }6ObLIO oy CAMNMYMOl = ModeKyIbl, Mougeky-Tbl, Bxoqaiiie 
B cocTaB Tella, WocrositHo oOMelMBalorcs  SHeprHel, 
OOMCHHBAIOTCA KOCIHYCCTBOM JIBH2KCHUA, B3A4HMHO llepeMelator- 
ca. B Tete HCHPepbIBHO NIPOHCXO/AT NSMCHeHHA, axe Hpi 
NOMHOM OTCYTCTBHIT BIUCIINX BO3zelerBu:  BbIPAaBHHBaeTcs 
TemMepatypa ero Yacteil, BbIPABUHBACTCA KONMENTpauuA pas- 
JIWUHBIX BCHECCTB B OODEMe Tela HT. 2. B pe3ycibTaTe TesbO MpH- 
XOMHT B HCKOTOPOe COCTOANHe paBHOBecHA. Pu3sHKH POBOPAT:. 
«Tpenne, Au@PY3HA, TCH-IOMPOBOAHOCTh MNPHBOAAT MHKPOCKO- 
NUYCCKYIO CHCTEMY TOCpeACTBOM TCpMOMHAMHMYeCKH HeoOpa- 
THMBIX HpoweccoB B COCTOHHHe Cc HavOo.1buich 3JHTpoNent 
B COOTBCTCTBHH CO BYOPbIM 3aKOHOM TeEPMOAHHAMHKH>. B 9TOM 
COCTOAHHH PaBHOBCCHA MUKPOUaCTHILBI—MONCKYIbI, H3 KOTO- 
DbIX COCTOHT Te0, JBAXKYTCH, OGMCHHBaIOTCA M€CTAMH, lepe- 
HOCAT SHEPrHiO, HO TIpH STOM B .TOOOM HalpaBsleHHH MNpOHC- 
XOAAT BCPeMHCM OAHHAKoBbIe Nepememenusa. LlostoMy Makpo- 
CKOMNUeCKH, T. @. B MacilTade Bcero Tela, He NPOHCXOANT 
HH Tlepcnoca SeprHn, Hit H3MeHeHHA KONMeITpalHH. B stom 
UW 3aK.NOUaeTCH CYNLHOCTb PpaBIOBeCHOrO COCTOAHHA HIN CO- 
CTOMHHA C «<HaHGOUblUeH SHTPOMell. 


YKMBbIC OPraHH3Mb!, B OT/IN4He OT Te HEXKHBOH MPHPOAB, 
OyAyYYN NpeocTaBsenbl CAaMNM cee, He MPHXOART B COCTOA- 
He paBHoBecua. B HHX HCIpepbIBHO NpOLOMAKawTCA MHOTO- 
UHCMeHHBIC H pasHooG6pa3suble MU3HKI-XaMHYeCKHe MpoUeccnl. 
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[Ipouecc «noBbllueHin SHTpONnHM», T, €. BbIPaBIIMBaHuA TeM- 
NepaTypbl C OKPyHKalOIWMMH TeJaMH HM pacnaneHHuaA ycrolun- 
BbIX CTPYKTYP HayHNaeTCH TOMbKO NocMe CMepTH OpraHH3Ma. 
ITO HE OSHANZET, BIPOYeM, 4YTO BTOPOLt 3akKOH TePMOAHHAaMH- 
KH H€We€HCTBHTeJeH JIA 2KHBBIX OpraHH3MoB, Onn noaMepxu- 
BalOT MOCTOHHCTBO CBOeCH CTPYKTYPbI 3a Cy¥eT NOToMeNHA H 
Pa3sIOKEHHA MMIUM HW 3a CueT MOPIOMWeHHA 3SHEPrHH H3BHe. 
cM paccMATPHBATb, B COOTBETCTBHH CO BTOPBIM 3aKOHOM 
TCPMOMHHAMHKH, «3AMKHYTYIO CHCTeMYy>», T. €. CHCTeMY, MO.1- 
HOCTbIO Pa30OWleHHYIO C OCTAJIbHbIM MUPOM, COCTOMILyIO H3 
OpraHH3Ma, NHI H OTOpocoB, TO B ITOH cucTeMe OyneT Haé- 
HOTaATbCA MOBBINICHHE SHTPOMHH. Onnako SHTponHA Camoro 
MHBOrO Tela OCTaeTCH NpPHOAH3HTeJIbHO HCH3MeHHOIi JLO MO- 
MeHTa CMepTH, 


Pagmiune B CBOHCTBaX %KHBbIX H He@XKHBDIX TC, OTMCUCII- 
HOe HAMH BBIIe, ONpecAeTCA TEM, UTO B ARUBOM OPFaHH3Me 
B ICOM H B KaxKMOH MUMBO KAeTKe MpoTeKkaloT (bu3NKO-Xu- 
MHYeCCKHC TPOUeCChl, HaMpaBJIeHHe H XOJL KOTOPbIX B KOHEYHOM 
HTOre ONIPeReAIOTCA MOJIEKYJAPHBIMH CTPYKTypaMH sfipa 
KeTKH. B #XHBOM KeTKe HCIPePpbIBHO MpOUCXOANT ypasue- 
HHE M@KPOCKOMNHUeCKHMH TIpoleccaMHu CO CTOPOHbI MUKPOcKo- 
NH4eCCKHX OObEKTOB, II]pH stom ycToluuBocTb, HeEH3MeHHOCTH, 
XapaKkTepHaw JIA MOJIeKy.1 Kak OObEKTOB MHKPOMHpa, Mpo- 
ABJIACTCSH B BHC HCH3MCHHOCTH CTPYKTYP H NOCTOAHCTBa TIpo- 
llecCOB OpraHH3Ma B MAKPOCKOMMYeCKHX MacuITaOax. Tlocpes- 
HHKOM ABJIAIOTCH TPOWecch! YIpaBJIeHHA B KUBOM KleTKe, 


IlocreneHHo BbIACHAeTCA Bce G6ouJIbUIe erase ITHX Mpo- 
ueCCOB yipaBlenus. Bo3MoxHOo, 4TO 6M Kalilive rowb MpH- 
HeCyT HAM 3HaHHe HOBBIX HHTePeCHbIX NOpo6HocTel, a MOKeT 
ObITb H Pa3raAKy «TaHHbI MKH3HH>, pa3sranky, NOTyYeHHylo 
NYT€M HM3YYeHHA WpoweccoB yiipaBJeHHA wu nepetayn HuHop- 
MaUHH B KHBOK KJleTKe. Belib HMCHHO 3TH MPOlecchl WH DealorT 
-KJI@TKY AKHBOI, YCTOHYHBOI, ycrolhuuBo Hu OAHOOOpa3zHoO PyHK- 
WMOHHpylollell B OKPyKatolleH cpeze MO MOMeHTa CMepTH. 


HesapicHMo OT peule¢HHA BOTIpPOca O TOM, CyuIecTByeT JH 
HeENMpOXOMHMast CT€HA Me@KAV XKHBDIM H HeKHBbIM MHPOM H 
MOXKHO «IH CBeCTH BCe NMOBETCHHE MKHBBIX CYIILeCTB K CJIOK- 
HbIM @BTOMATH3Ma4M, MbI MOXKEM YTBEPXKTaTb, 4YTO CeroxHys 
H4M H3BeCTHO OOJbUIOe UNCJIO MpHMepoB, Korma MalluHa ye- 
NeWHO BHUIOJHHeCT CIOKHbIE ONePpalHH UHTeMeKTYaJIbHOrO 
XapakTepa, 34MCHHA YGNOBeKA B ONepalAX YNpaBIeHHA s1ep- 
PeTHYUCCKHMH YCTPONCTBAMH. ITO OGcTOATE.IbCTBO HOPOAMWIO 06- 
Ilyio CHCTeMY B3rJIAOB Ha IIPOWecchl CBA3SH Ii yIpaB-leHust, 
KOTOPad BKTOUACT B CeOM MOHATHE HUN POPM ally. 
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Hndopmauna 


‘Lis BUEN CHCTeM, B KOTOPBIX ApoTeKalor Npoueccebl ylipas- 
ICHHH, OYAb TO ycTpolicTBa peryMpOBaHHA WIM KUBBIC opra- 
HHSMbI, XAPaKkTepHa OFHa BeCbMa OGULlan YepTa: oTMebHDIe 
HaCTH OTHX CHCTCM CBA3ZANbI APyr C LPyroM TaKHM O6pa3om, 
TTO OHH Tepertalor Apyr Apyry HekoTopple coo OuLeHH 3! 
QO TNpokeccax, B MAX TIPOHCXOMAINHX, C MOMOULbIO CHIH AJOB. 
HMenvo mo STOMy NpHsHaky MozKHO Mpoclequtbh Trty6oKoe 
CNOACTBO H CAMHCTBO TpoleccoB yipaBaeHHa, Dnepreruye- 
SRUC TpOWCecbhl, CONPOBOAKTAlOUle CHTHaJM3allHlo, Hrpalor 
BTOPOCTeNeHUYIO H HeMPHHUMNHAAbHYIO powb. Baxkua He 3Hep- 
THA, @ cura. UroOpl noka3aTb Wa MpuMepe cnpapentnpocti 
TOCTCANCTO SAaMCYaHHs, 3aatuM CeOe Bonpoc: 4emy pase 
KOIPQMUNHEHNT WOTesHOrO jLelieTBHA TEICBH39Pa HH patHo- 
JOKATOPa? OTBeTHTb Ha STOT BOTIPOC HEBO3MOKHO (Kak, BIIpo- 
YOM, H Ha BCAKHH HelHPaBUIbHO MOCTaBJICHHBITt BOIIpoc) yxKe 
NOTOMY, TO Ha BbIXOTe TeTeBH30Pa, PaXHOTOKaTOpa M uM MO- 
NOOULIX CHCTCM SHePrHsl KaK TaKOBaA He Mpekctapaser WHKa- 
koro HHTepeca. Hasnauenve pasuosoKatopa CocTroHT He B OT- 
ave SHeprul! B TOM Wt Huot! opMe, Kak 3TO CBOlIcTBeENHO 
dHepreriuyeckOH MALIHIC, a B PCUICHIM COBePIeHHO HHOTt 3a‘la- 
ult. FE paagnowoKatop Hu TeTeBHsop NoTpeésaorT SHeprHuw, H 
AdKC B SIAUNTCADUDBIX KOJIHYECTBUX, HO OTHAIOT OHM He 9HCp- 
rio, a HUPOPMaANH 10, CBEMCHHA B BHAe CHrHavoB. 

Honstne vidopManun oven, WHpoKoe. VhiidopMaunio me- 
peHocHt Teterpad, Tetedhou u patvo. Mndopmanna 3anucana 
Ha rpaMMO(ONHBIX IaCTHHKAX, MAPHHTHBIX .leHTAaX, Ha (poTo- 
CHUMKAX H AMTorpadcKux ortucKkax. Mndopmauns nepesaercs 
C HOMOUIbIO VENOBeEYeCKOTO AZbIKA YCTHO HH NHCbMeHHO, Ee TIC- 
PeCbLTAIOT MO NOUTe, H3TaIOT B BAe KHHT, raseT H KYPHaJOB, 
Xpaus? B O6u6tHoTeKax. MucopMauns 3aksioueHa B oTCcUeTe 
H3MEPUTCIbIIOrO TpHOopa, B pe3ybTaTax KOHTPOA Npomyk- 
WHH, Bo YHCTOBDIX NOACUeTaX, B MAaTeCMaTH¥eCKHX opMy.ax 
H TaOmHyax. Hane 3penne, cayx, Oca3aHMe MpHHocaT Ha 
HHPOPMAUHIO O BHCIUHAX COOBITHAX, BHYTPeHHHe OpraHbl O6- 
MeHHBaWTCA HHPOpMallHel, KOOPAHHHPyA CBOIO COBMeCTHYIC 
padoty. HuyroxwKHbie KOJIMUeCTBA XHMHYeECKUX BeULeCTB MOCTAB- 
IMOT HaM NOCPpCNCTBOM OOOHAHHA H BKYCa HHPOPMAaILHIO 
O Kateerbe mint. H3mMenenns (pu3nyeckux BeHUHH (2vIeK- 
TPHYCCKOLO HalpsoKCHHA H TOKA, IEKTPOMAFHUTHOrO MOS, 
LIBSICHHA), MCXGHHUCCKHE HEPCMCHLEHHA BBOIT HHMOP MAIO 
B ABTOMATHYCCKHE YCTPOHCTBA IH MOSBOASIOT TO.VUNTH H3 WAN 
HOBVIO HIKDOpPMaILATO, 
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HHdopMalus — 9To TO, uTO HeceT Ha ce6e ced KaKoro-TO 
akTa WIM COObITHA, COGbITHA, KOTOPOe y2xKe NPONBZOUIO WIH 
‘LOMKHO MPOH3OHTH, BCe TO, UTO AOCTABIAeT HaM O56 9TOM (pak- 
Te CBERCHHA HIM CoOOmwWeHHA. Co3smqaHHe, Nepezaua, xpaneune, 
HCNOMb3OBaHHE H TlaBHbIM O6pa30M Npeob6pasoBanune nHndop- 
MaUHH NpOWCXORHT H B M@llMHaX H B KHBLIX OPraHu3mMax JO 
ONpeeJIeHHbIM CTPOrHM 3akOHaM. IIpaBrvia, No KOTOpHIM Mpo- 
HCXOMHT MpeoOpa3soBpanve HHPOpMaUHH, HasbIBalOT avlro- 
DPHTMAMH MpeoOpas0BanHaA *. Sakoubl cyulecrBOBaHHA Hi 
NpeoOpa3so0BaHha HHDOPMaUHH OODCKTHBHD! WM AOCTYNHDI H3y- 
ueHHIO. OHH HHTeCHCHBHO u3yualoTca. CoOcTBeHHO, onpere.te- 
HHe STHX 3a4KOHOB, HX TOUHOe ONHCAHHe, HCHOAb3O0BaHHe a.lro- 
PHTMOB Mpeo6pa30BaHHa HHMOpMaUuH, B OCOOCHHOCTH a.ro- 
PHTMOB yIIpaBJIeHHA, H COCTABAAeT cOMePKaHHE KHOEPNeTHKH. 

SHECb YM€CTHO 3aMeCTHTb, 4YTO TOUHOe ONpenesieHHe cotep- 
KANNA WH Pall, TaAKHX HayK, KaK KHOePHeTHKA, 3aTPYANHTeVIb- 
HO, H NOITOMY BOKPyr HHX MO CHX NOp He 3aTHXaeT AMCKYc- 
cus. Tounoe onperelenne rpaHHil TOGO! HayKH OObMHO MOXK- 
HO MaTb TOKO Nocwe TOO, Kak 3Ta HayKa BrowIHe OOpMHT- 
CH. OTOPO NOKa HEMb3A CKa3aTb O CCBCeM eile MOVIOOTI KHOep- 
HeTHKe, 

KuOepHetvkKa BbIPOCa Ha OCHOBe H3yYYCHHA KOHKDETHDIX 
NpoweccoB mepelayn CHrHaJOB, MpoueccoB ynpaBaeHua 
O6OOIeHHA 3AKOHOB, MO KOTOPbIM MpOTeKaloT STH HApPOLMecchl. 
[lo Mepe HakoreHua u O6O6uleHNA cbaKTOsB, ecTecTBeHHO, pac- 
WHPAeTCA OO61aCTb MPHMCHEHHA yKe H3YYEHHBIX 3AKOHOB. OG6n- 
He MIPHJOKeHHH KHOePHeETHKH HHOPAa 3acTaBJITeT 3a1aBaTb 
Bompoc: a uTO Ke He OTHOCHTCA K KHGepHeTHKe? [lon06- 
HbI€ BOMPOCbl BbISBaHbI, KOHCUHO, TOJbKO HOBH3HOM CHTyauHH, 
TaK KaK aHaJIOPMUHbIM BONPOC B OTHOUICHHH, HalipHMep, Ma- 
T@MaTHKH HHKOMY He TIPHINTO Obl B TOJOBY 3aaTb, XOTH 
MaTeMaTHKa HMeeT He MeHbile OOJacTell MPHMeHeHHA, 4eM 
KH OepHeTHKa. 

CreuvasHCThl CTACJIBHBIX NPKKJaHBIX HayK WHOrLa OTOK- 
‘eCTBJIAIOT KHOePHETHKY CO cBOeH CMekHasbHOcTbW. Tak, Ha- 
HPHMep, 4“aCTO MPHXOAHTCA CJIbIWATb, TO KHOePHETHKa—3TO 
TCOPHA ABTOMATHYECKOTO PeryTHpOBaHHA (pa3ymeetcH, CHb- 
HO pacuiHpenHasa). Hexotoppie, yBleKaacbh HaliGollee addpeKt- 
HbIMH TepCNeKTHBaMH, YTBepKMaloT, ATO KHGepNeTHKAa — 3TO 
Hayka O MOfeTHpoBaHHH (yHKUHH YesoBeyecKoro Mmosra. IJo- 

 OGHbIe OMpeleseHHA OKA3bIBAIOTCA OUeHb OFPaHHYeCHHbIMH. 

Bpsat 1H NONBITKH LaTb TOUHOe H CTporoe oMmpemesenne KH- 


* [IpumMepom ayropHtTMa MoxeT CAYKUTb MoOb6ad MaTeMaTHYecKad 
opmy.1a. 
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OCPHCTYUKH, KOTOPOE OKABa-TOCD Obl BEPUbIM pas We HaBeer;la, 
MOTYT CCli¥ac OKAZATLeA NAOAOTBOpPIIbIMH. OzHaKo BoLOpa3z acc 
M@4K AY KHOCPHCTHKOH HU «He KHOepHeTHKOliy BCeraa HETPY AO 
NPOBECTH, CCTH MOMHHTb, YTO HWiuTepechl KNOePUCTHKY .1eK aT 
B OO1aCTH OOWUX 3aKOHOB Ueperau micbopMauuil, ee IIpeod- 
PaSOBaHHs! MH HCHO.Tb30BaHHA JI YIpaBeHHs., 

MoxKHO CKa3aTb, YTO OJHO{ H3 OCHOBHDIX 3alay KHOepne- 
THKIE ABISIOTCA TMONCKI Crporo (pOpMaIM30BaHHbIX asIropyir- 
MOB WpeOOpasopanHsA NNOpMal HW pealigalna  93TIX 
aITOPHTMOB, 

CucTeMbl HIN yerpoliciBa, HMelwWHe elo c CHrHadani, 
BOCIPHNHMAaloOMe, NpeoOpasyloulne, lepe-Laloulae, MPH Malo- 
IkHe, XPaHAUie, OOPaGaTbBaiOWle MIM UCHOb3yIOllHe Hi- 
(POPMAUHIO H PpaboTaIOMe B COOTBETCTBHH ¢ OMmpeyeeHibiM 
dIPFOPHTMOM, Mbl OVIEM Ha3blIBAaTb KHOeCPNeETHUCCKUMY 
CHCTCMAMH JLT yeTpolictBaMil. 

TakuM O6pa3oM, XICKTPOHNas CUCTHAS Malina siBciseTest 
KHOCPHETHUYeECKON MAWHHOM B oTraANUNe oT Mapo- 
BOH MaluHUbI—Maluunbl aeprerHyeckoly, 

Ouepreruyeckne H KHOepNeTHYeCKHe CHCTCMBI YaLe BCero 
CyWWecTBYIOT H pa6otatoT copmecTHO. ABToMaTHyecKan 9Hep- 
FONOACTAaNns, OecMHIOTHDIT caMower, aBToperyJHpyeMblli 
NPOH3BO-ACTBCHiIbHT Mpowece MOrYT CayKUTb TOMY MpHMepamn. 
B KHBOM OpralusMe TakeKe COUCTAOTCH SHeEprernyueckas  KU- 
OepleTHYCCKaA CiHeCTeMLI. 

Duepremuka WH KHOepnernKa WAyT pyKa 06 pyxy. H Kak 
IHEPprHa We MOMEeT NCMOIb3OBATHCA G3 YIpPaBJIeHHA CIO, Tax 
H yupaBIcune HC MOMKET OCYILECTB.IATbCA NOMHMO MAaTepH- 
aIbuoro, (pu3svueckoro Mmpouecca, 6e3 SHEPrHH, NyctTh Marke 
H CAMBIX MaIblX KO.THYeCTBAX. 

Qurako CHeWHUKA I 3akOHOMCPIIOCTH 3THX BYX O6.1ac- 
TCH ABTCHH NPHPO.[bl PasIHYHbl, H ITO PAaSIMUNE HY2XKNO OUeIIb 
YeTKO BHeTb. [lonatue HHPOpMalHH CAORKUMOCH NOZKe, YeM 
NOHATHE SHeEprHH. HM 3aKoun pabothl KHOEPHCTHUCCKHN CHCTeM 
NO3SHaNbE CUle lateKO MedocraTouno. B allt JUId TO.stbKO 
34K Ta TbIBAIOTCH OCHOBbL HX MONHMaHHA, 

[lupokoe nore ye CYHLecTBYIOULHX TIpPHMCHeHHI NH 10; 
HCTHHE HeOOLATHDIC MCPCNCKTHBb! pa3sBHTHA KHOePNCTHKH 
Tpe6ylor ObIcTporo JIBHKeLHS Beppe B MO3HaHHH 3aKOHOB 
KHOeCPNCTHKH H HX HCMOAb30BaHHIH. 

OAHHM H3 OCHOBHDIX NOHATHIL KH6eCPueTHKU ABIAeTCH To- 
HATHe CHrHada. K pa3sO6opy sToro NOHATHA Mbi i Tepelimem. 
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CHIHA.I 


Mbt MOxKeEM 3HATb O COOBITHAX, B KOTOPBIX He MpsJHHMaJ1H 
yuUacTHS, CBHAeTCIAMH KOTOPHIX He ObIWIM, OTeJICHHbIX OT Hac 
OOJIbINHMU IIPOCTPaHCTBaMH HH IIPOMexKyTKaMH BpemeHH, Mb 
MOXe€M 3HaTb O6 STHX COOLITHAX MOJHO H IOApOOnHO, moORGAaCc 
noxpo6uee. 4YeM YYaACTHHKH WIM CBU ZeTeIn STHX COODITHII. 


Ilono6ubIc 3HAHHA Mb NOdJyuaeM e2KeHeBHO, KOrAa UYH- 
Ta€M Ta3eTbl H MKYPUATbI, U3yUaeM HCTOPHO, CJlyllaem pasHo- 
mepeaun WJM CMOTPUM TeJIeEBH3HOHHYW mporpammMy. Muyo pas 
TEICBH3HOHHbIMT SKPaH MO3BOAeT HAM 3AMETHTb TakHe NOJ- 
poO6uHoctu yTOoJbHoro MaTY¥a, O KOTOPbIX He CyMeWT pac- 
CKA3aTb 3PHTeJIH, MPHCYTCTBOBaBLUIHe Ha CTAHOHe. 


Tlonpiraemcs! BHYMATbCA B 3TOT NMpocTof HW MpPHBbISHBIH 
(akr. 

EcaH Halu 3HaHHA O KaKOM-HHOYAb COOBITHH NMPHXOMAT 
K HaM yxKe nocle TOTO, KaK CaMO COObITHe 3aKOHUHJIOCh, CKa- 
*%KeM, HCXON (yr6oObHOrO MaT¥a CTAHOBHTCA HAM H3BeECTHDIM 
Ha pyrol leHb NocJie MaTY¥Ya, TO 9TO 3HAaYHT, UTO KaKHe-TO 
CNeLbl COOMITHA NPOMOM KAT CyHIeCTBOBATbh uM TOrAa, Korma 
CAMO COODITHE 3aKOHUNA0Cb. CoxpanawTcsH He TOMbKO pe- 
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SMUIbTATbE HM CUICACTBHS TAHHOTO COOBITHH, HO H He3HAUHTe-AIb- 
NbI€ OApOOHOCTH—3a6aBHubili 9HH30 y BOpOT OAHOLl H3 KoO- 
Mall, OIUHOKAa Cy/bH, peaks my6anKn ut. 2. Bee 3T0 mo- 
KET COXPaHHTbCA B TOUHOM COOTBeETCTBHH ¢ TeM, KaK OHO 
HN POHCXOAHIO. 

CoObiTHe MOKET COXPaHATECA B TNaMATH OUCBHLNEB, B OIH- 
CaHHAX, B (OTOCHHMKaX, B 3apHCOBKaX, B KHHO(PHJIbM AX, 
8 3BYKO3aMHCH CaMOrO COOBITHA HAM pelopTakKa o HEM H.1u 
B KaKOH-JIH60 HHO dopme. B 6ombumHCTBe CYYaeR ONNCa- 
HHe COOLITHA COOTBETCTBYEeT CaMomy CO6bITITIO 6oNee WAN 
MEHee MOJIHO. CMbICJI COBa KCOOTBETCTBYCT> HaM HHTYHTHBHO 
siceH, Tlonpocty ropops, onucanne co6nirus MpaBOHBO: Hd 
‘POTOCHHMKe Meo6paxkenbl (burypbl HrpOKOB B TeX 103aX, B Ka- 
KHX OUH HaXOQMHCb B TOT MOMEHT, KOrZa Msi JIeTe B BO- 
poTa, B paccKa3e O4eBHAWaA COXpaHeH NopsaoK uw XapaKtTep 
CHCTBHH UPPOKOB, KOTOPHIT MOKeT ObITH SHIN HeMHOro OK- 
PalleH SMOUHSMH PpaccKa34HKa, UT. I 


Ojako MocTapaemMca MOHATh TOUHee, YTO sHauuT «coor- 
BETCTBOBATh», a PilaBnoe, YTO YeM Y CcooTBeTCTBYeT. ITIpexre 
Bcero, (oTorpadua MOMeHTa Hrpbl y BOPOT ecTh IPA MOYIFOVIb- 
HbIN KYCOK IMIOTHOH Geo 6ymaru pasmepom 9X12 cm, nO- 
KDBITbIH CIO@M XKeaTHHA, B KOTOPHIT BKpanaenb MeJbualt- 
lune sepia cepeOpa. Bce sto HHKaKOro OTHOUICHHA K (byT6oay 
ie uMeeT, Fle HMeeT K HeMYy TaK2Ke OTHOLICHHA Ht TO, UTO Yac- 
THULE cepeOpa MortoulawoT mamaloulult Ha WHX cBeT, a Goad 
OyMara STOT cBeT oTpaxkaeT. O tbyt6o7e Ha (borocHuMKe ro- 
SOPHT TO.IbKO pacnpe le T€ HM e 3epen cepeOpa mo noBepx- 
HocTH OyMari. OHO onpefeiseT, B CBOIO OYepeb, pacnpere- 
‘TeuHe MOTOKOB CBeTa, HAyuleroO OT PoTOCHHMKa kK rta3y Ha6- 
‘HOJATCIA, I TO PaclpekeseHve OKa3bIbIleTCA GOAH3KUM K TO- 
MY, KOTOpPoe CYHLECTBOBa.IO B MOMEHT, Kora 6b Cletal 
CHHMOK, B TOM Mecme, rae CTOs. doroxoppectonient. Tipit 
YTOM COOTBETCTBHE CYULECTBYeT JIHLIb NPHOH3HTebHOe: He 
Nepean UBeT, YeTOUHO Mepeqano pacnnereweHHe HHTeCHCHB- 
HOCTH, OTCYTCTBYeT CcTepeosPpekT (CHHMOK NOyYHJICA MA10C- 
KHIt, a He OObEMHDIN) HT. 7. 

OrmetHM cC.Jlefyloulee: (oTOCHHMOK (3aMeTKa B razerTe. 
TeCHTAa 3BYKO3ANMCH, KHHOMeHTA, YCTHBIH paccKa3 HT, 1.) Kak 
PUSHUCCKOe AB.ATEHHE He HMEeT AHNYerO COIMCro Cc 4306- 
PaxKaeMbIM COObITHeM. OH HMeCT CaMOCTOATeIbHYyIO (pu3Hue- 
CKYIO MPHpOAY WH CaMOCTOSTeJbHOe CyllecTBOBaHHe B MpocT- 
PpaHCTBe H BpeMeHH. YNOMAHYTOe BBbIe «COOTBETCTBHe» o- 
TOCHHMKa H300paKeHHOMY Ha HeM COOBITHIO 3aKAIO4aeTCs 
B TOM, 4TO CHHMOK IPH OCYILLECTB.ATCHHH HEKOTOPBIX COBH, 
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IPOHSBOAHT Ha HaOJNORATeIA MPHONH3HTCAbHO TaKoe Ke BO3- 
XeHCTBUS, KaK H CAMO COOBITHE. 

B cka3aHHOM 3aKI0O"aeTCA HeUTO oOmee wid Xapaxtepu- 
CTHKH BC€X BAQOB CHrH ada. Curnan nopomagaetca HeKoTO- 
PEM coObITHeM, dbaktom, selictBHem, CurHaa nuMeet CaMo- 
CTOATCABHYIO (@H3HYeCKYIO MpHPOAy u CaMOCTORTeAbHOe cy- 
WecTBOBaHHe B Mpeetax HeKOTOpoH opraHH30BaHHoli 
CHCTEMBI, OH BCerla BOMIOWEH B HEKOTOPOM MaTepHadIbHoM 
OObeKTe HIN Mpotecce. B 3Tom Bune curnan MOKeT OBbITD 
3aUKCHPOBaH HM CyUlecTBOBaTb omroe Bpema. Curnas Mo- 
*KeT ObITh Nepeqan Ha 6osbilMe pacctosHus. CurHan B KONILe 
CBOerO CYWECTBOBAHHA MOMKET MPeBpaTHTbCA B TelictBHe Han 
B CoObiTHe. OH MomeT BOsmelicTBOBaTh Ha 2KuBOTO HaOwo2a- 
TEA HAM Ha MEpTBylO Pu3su4ecKylO CHCTeMy H NOpogHtD He- 
KOTOPYy!O peaKIHIO 9TOTO HaOMOMaTeNA HIM CHcTeMb. Vuorza, 
HallDHMep, CHTHaJ MOMKECT BbISBATh TY Ke PeakilMlo, KaKy!O 
NPOH3BeO Obl NOpoANBUIee 3TOT cHTHaa cOObITHe MIpH Heno- 
CPCACTBEHHOM BO3eHCTBHH. Tak, y3HaB 06 yaaue J1106HMOT 
PyTOObHOH KOMAaHObI 43 ra3zeT, MBI o6panyemcw mourn tak 
Ae, KAK OOPANOBaHCh Obl HA CTAAHOHe Mp OKONUAHHM MaTUa. 

CyulecTBOBaHue CHrHama nocae OKOHYaHHA CO6RITHA N03- 
BOIACT CMY HE TOJIbKO TlaCCHBHO «KaTb» TOTO MOMCHTA, KO- 
ra OH BbIZOBeT JeHCTBHe, HO H BECTH «MOJIHOMCHHYIO 2KH3Hb>, 
B TOM CMBICJ€, YTO, KOMOHHAPYyACb C APYrHMu CHrHaJaMH, Ol 
MOKET NOPOKLaTb HOBbI€ CHIHATbl, O6/alaloulwe HOBbIMU 
CBOHCTBaMH, HOBO dopMmol u HeCylulMe HOBOe JleHCTBHe, Ho- 
BBIK cMbic. Hanpumep, B pe3yabTatTe BHIUNCeHHI 13 HCXO}L- 
HbIX HaHHbIX 3aaun NOyuaeTca ee pelieHHe, BOZ3HHKaCT HO- 
BbIM CHIHaJI, COOTBETCTBYIOWIN i HOBOMY @aktTy. 


Pa3yMeeTca, Takoe «camMocToOATeAbHOey CYIUCCTBOBaHHe 
CHrHaJIbl BELYT OTHIONb HE CAMOCTOATCJIbHO, a TOAbKO B wnpe- 
‘leaX HeKOTOPOH OpraHH30BaHHOlt CHCTeMbI, NO 3aKOHaM, 
CBOHCTBeHHBIM 3TOH cucTeme. CamocroaTetbuocth 3aKJ10U 4eT- 
CH JIMIIb B H€34BHCHMOCTH OT NOPOAHBUIero curHad CO6BITHA. 
mocvle TOrO, KaK CHrHaJl BO3HHK. 


EcM MBI HMeeM COObITHeE A ero nNoApoOHoe, NMpaBauBoe 
OMMCaHHe, TO NO OMMCAaHHIO MbI MOXKEM BOCCTAHOBHTb CO6BI- 
THe, OTO MPOHCXOAMT, HaNpHMep, pH H3roTOBAeHHA MAUIMHBI 
No YeprexKy, MOCTpOuKe AOMa TO MpOeKTY, BbINOJHeHHH BOeH- 
HOH OMepalun no Wwany wT. 2. 


tak, Mexay coObitHeM u CHrHaJiom MpH HEKOTOPHIX yculo- 
BHAX CYUICCTBYe€T ONHO3HA4HAA CBA3b, B3AHMHOe CooTReTCT- 
Bue. Bo Mpentetax, 2alaBaeMbIX CTeNeHbIO MOLpobHocTH oMNH- 
CaHHA. 
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H30mop@u3M 


BsauMilce COOTBeTCTBHe (H3H4eCKH Pa3sHOPOANLIX AB IC- 
HHH YacTO BCTpeyaerTcn MU HCNOTb3yeTca. 

Bo3bMeM B KayecTBe NPHMepa reoMeTpHyecKHe OObEKTHI— 
THHHH, MWOBEPXHOCTH, Tela—B 93BKIHNOBOM MpOcTpaHcrsBe, 
3B KOTOPOM MbI CaMH cyulecTByeM. MoxkHO NOCTpOHTb MO/1e.1H 
2THX OObEKTOR, U300Pa3HTb UX Ha YepTe*kKe, IIpeACTABMTb Ce- 
Ge HX MpicleHnHo, MbresiecHHO HH pea-IbHO 9TH OODCKTLI MOK- 
HO MepeMeLlaTh, BHAOH3MeHATh, COMOCTABIATh HT. jh, T. ¢. 
(IPpOH3BOAHNTb C HHMH HekOTOpple onepaun. Mbl MowKeM, Ha- 
NpHMep, HApHCOBaTb Ha MAOCKOCTH OKPYAKHOCTH ONPeACMeNHoro 
pa3sMepa Ii llepecedb ee NpAMOl! JMHHeH, OMpeACICHHBIM oOpa- 
30M pachOmOXKenHOoll, SaTeM Mbl MOKeM NalTH TOYKH Tepe- 
CCYCHHSA OKPYXKHOCTH H HPAMOH. 












aw ees. Shee Pie. 2.1. Peomerpnueckuii o6pa3 
(z-ajrly B)h Ha [cLOCKOCTH (OKPYXHOCTD Hi 
llepeceKaloulan ee MpamMad) Hi 
n30Mop (uaa aHasHTHNecKaH 3a- 
(22 yo | Hlch B Be ypanteHilt B 
grrpy nel IIPAMOYPOAbHbDIX  KOOP/MINATAX. 


G x ae oi Sk aia ee ee 
( 7 LL 


Tenepb colocTaBiM KakKty10 TOUKY WlocKocTH ¢ Wapon Wl- 
cel X U Y—KOOP/JMHATAMH TOUKH, HalplMep, B NpPAMOYTOJ bio 
mekapToBoli cucreMe KOoopaunaT. Kank 20e YHCO MpeACTaBAAeT 
co6oli paccTomune sTOll TOUKH OT OAHOH M3 oOCell. 

Unela, VOBeTBOPAIOWLHe YPaBHeHHIO 


(x a)? + (y — bP = RY, (2.1) 


COOTBETCTBYIOT TOUKAM OKPYAKHOCTH, HMeIONLCH ParANyc Rou 
Le€HTp B TOUKE Vo = A; Yo = b. 


Unica, YHOBICTBOPAIONLUC YPaBHCHHIO 
gx-f]y-bhi==0, (2.2) 


COOTBCTCTBYIOT TOUKAM, JexKAWIMM Ha MpsMoll, Hpoxomuel 
yuepes TOUKH: 
h h 
xv O- — — -—— II xi — — — Wn (). 
Ee ypapyenua (2.1) 1 (2.2) umelor oOutHe pemieHna (11x 
MOIKeT ObITb B MelCTBUTCIbDHDIX ¥HC1ax H60 1Ba, 1H60 OHO), 
TO 9TIT PCLIENHA COOTRETCTBYIOT TOUKAM, TeRKAMLHM OAHOBPC- 
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MCHIO I] Ha OKPyXHOCTH, H Ha NpAMOli, T. e. TOUKAM Mepecc- 
UCHHA MPAMOH C OKpyXHOcTbIO. Eciw MbI peulum o6a ypaB- 
H€HHA COBMCCTHO, TO TOUKH NepeceyeHun OyAyT Halinenp Ha- 
MH aliaJIHTH¥eCKH. 

ITpouss0qA BbIMHCIeHHA Cc 4MCTaMM X MY, MBI MOran Obl 
BOBCe He AYMaTb O TeOMeTPHYECKHX OOpa3ax (u HaOGopor). 
OnHaKO ACHO, 4TO 11060 reomeTpHueckull oOpa3 u w06aA 
onepalua C HHM HMelWT COOTBeTCTBYIOWUHe oO6pasbi 
B BHJle Nap YHCe H ONepauwH Hag HuMH, Mb cTaBuM HeKOTO- 
Pyio reoMeTpHyeCKylO 3aayy, 3aTeM TepeBOwMM ee Ha aHa- 
IMTHYCCKHH «ASHIK» H pellaeM 9TY 347a4y B 4NCaX, He BCIO- 
MHHas O reometpun. JLoliaa MO pe3sybTaTa yn CHoBa nepeBerA 
cro Ha Si3bIK TCOMeTPHH, MbI NO.TYYHM TOT Ke OTBCT, KOTO- 
PbIM MoMyYHIH Ob, peliad 3aqauy reOMeTpHYeCKH—NOCTpoe- 
HHeM Quryp. Mbl NOAyyWIM NpaBAJbHbIit pesysbTar. 

B MaTemaTuke cyillecTByeT NOHATHE H3SOMopMus3ma 
AByxX MHowecTB X u Y anemeutop x CX u y CY. 

MuoxwectBna X it Y Ha3bIBalOoTCA H30MOP(HBIMH, ecw BbI- 
NOJIHAIOTCA CJI€MYIOWHe YCJIOBUA: 

i) Kawybii snemenT x¢€X MOXeT OplITh B3AHMHO OMHOSHAH- 
HO CONOCTABJICH C SIEMeHTOM yCY, T, ec. xy H y>x; 

2) Kaxad Onepauua f (43 HeKOTOporo Kaacca onepamnit), 
MpeoOpasyiolwlad aiemenT x,¢X B x ,€X Bo muomectse X, 
}(%;)==%_, MO*KeT ObITb B34HMHO OHO3HA4HO comocTaBsieHa 
c onepanuen f, mnpeoOpasyiomel anement y,¢Y B yy éY, 
Fy, =n, 7. €. FoF, Foy; 

3) eculd X,€X cootsetctByer y,¢Y u x,6X cootBetcrByer 
Yooh, ecu [(x,)==x. a fF, To aaa Beex x, y, f F(y;)=yp. 

/\Ba MHOXeCTBa Ha3bIBAlOTCA H3OMOPHBIMH, eC HX 90e- 
MeCHTbl NOMapHO B3aHMHO OAHO3HAYHO COOTBETCTBYIOT pyr 
Apyry HW WpeoO6paso0BaHHA 2/IEMCHTOB OJHOTO MHOKECTBA CO- 
CTBETCTBYIOT T1peOOpa3s0BaHHAM COOTBETCTBYIOLIMX 39JI@EMCHTOB 
BTOPOro MHOXKECTBA, 


EcuiM CUHTaTb, YTO reoMeTpHyeckHe O6pa3bI Moyyaiotca 
HeMOCpeACTBCHHO H3 MpaKTHKH KaK Pe3yJIbTAaTbI H3MepeHu 4 
onepauviH MpOH3BOACTBAa, TO aHaJIHTHYeCKHe ONepawuH—BbI- 
NHCJCHHA C UHCIAaMH Ha OYyMare—ABJIAIOTCA H3OMOPDHHIM 
H306paKeHHeM peaJbHbIX ABIeHHH. Kaxnzoe co6Obrrne—ome- 
pala C Pe€aJIbHbIMH OObEKTAMH (H3 ONpekeseHHoro Ksacca 
OObeEKTOB H ONepallHii)—MOXeT OBIT COMOCTABeHO C 3aNHcbo 
H BbluucmeHHemM. WH, nao6opot, Kawa pasyMHaad 3anHcb MO- 
KeT ObITb COMOCTaBJeHA C COObITHEM, KOTOPOe MOXKHO BOCTpoO- 
u3BecTH, JLIMHHbI pA BbIdHCeHHIi, MPpOBeACHHBIX IO onpe- 
JeNCHHbIM WPaBHJIaM, BOCNPOHSBOZAUIMM peaJIbHble ONepalun, 
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(IPUBOJHT K pesyIbTaTY, KOTOPbIM TOYHO COOTBCTCTBYeT Pe3YJIb- 
vaTy H3OMOPMHOH 9THM BDBIVHCIeHHAM MpakTH¥eCKOH onepa 
un. Mbr MoxKeM conocTaBHTb O6a pe3yJbTata H MpoBepuxti. 
TIpaBHJIbHOCTb BbBIMHCJIeHHH, 

MoxXHO H43BaTb 3alHCH HHKeHepa, NPOMSBOAMBIUErO pac- 
yeT, CHTHANaMM PeaJIbHbIX COOLITHH—oOlep aH MpOH3BOACTBA. 
CucreMa 93THX 3amHcelH H BbIUHCJICHHH H30MOp(Ha peaJIbHbIM 
OSbeKTaM HW ONepauwWAM C HHMH, MoxkHo roBOpuTb 06 H30MOP- 
(pH3Me TeOPHH M MpaKTHKH BOOGIE, HE TOJbKO AAA reoMer- 
PHYCCKHX TocTpoeHHH, HO HW JWIA JLpyruxX OTpacseH 3HaHHy. 





Phe. 2.2, eTaib nu ee H306paxKeHHe B BHile YepTexa, 
HAXOAMULHECH B M3IOMOPHOM COOTBeTcTBUN jpyr 
¢ Apyrom. 


COBOKYNHOCTb CHPHaJIOB B KHOepHeTHYeCKOH CHCTeMe SIB- 
AseTCA H3OMOP(HbIM OTOOPaKeHHeEM HEKOTOPHIX CTOPOH pe- 
albuoro co6pitus. Mpbl roBOpuM «HeKOTOPbIX CTOPOH» MOTOMY, 
UTO HHKakoe CaMOe MOAPOOHOe ONMCAHHe COOHITHA C NOMOUILbH) 
COBOKYNHOCTH CHrHaJOB He HCuepMmaer BCeX XapakTePpHuCcTHK 
peadibHoro co6birHas. OnucauHe c NOMOLIbIO CHrHaJOoB oTpa- 
*KAeT JHWb HEKOTOPbic CTOPOHLI COOLITHA, CYUIECTBeEHHO Baxk- 
HbI€ Jia KHOePHETHYeCKOH CHCTeMBI, B Mpesewax KOTOPOH cy- 
IleCTByeT CHrHaJ. 

XapaKTePHbBIM NMpHMePpOM H30MOpP@H3Ma cCHCTeM MOXKey 
CAYKHTb 4aCTO YNOMHHaA€MaA aHaJIOTHA pa3JIMYHbIX BHOB 
KoOJeO6aHHH, DusnyecknH KOJIeOaHHA MOLryT MpoTeKaTb B BHC 
M@X@HHYeCKOTO ABHKeHUA Tel (MexaHHuecKkHe KOJeO6aHHaA), 
 H3MCHEHHH MJIOTHOCTH H 2aB.1eHHA ra3z006pa3Holt, *KAAKOM WI 
TBepAOl cpembr (akycTHyecKHe KowleO6aHHA), H3MeHCHHIi TO- 
KOB H HampsKeHHH B IICKTPHYeCKHX WenAx (9IeKTPOMArHHT- 
Hble KOJIEOaHHA), HSMEHECHHH HAaMPAMKEHHOCTH JICKTPOMATHHT- 
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HUPro HOJM (paAHOBOJIHbl, ol tH¥ueckHe Npoulecebl), H3MeHeHHH 
(PH3HOJIOTHYECKOFO COCTOAHHA MKUBBIX TKaHell H T, 2. Bo Beex 
STHX PU3HYECKH KOHKPeTHBIX CHTYAUHAX XO KOe6aTebHOrO 
Npolecca HMeeT OOuINe YePTbI, KOTOpblIe MOryT ObITb npocvie- 
7KEHbI OYCHb MaleKo. HiMeHHo Mo3sTOMy BO3MOxKHO CYIMLeCTBO- 
BaHHe OOuleH TeOopHu KOeO6aHuhl, B (OPpMaJbHOM nocTpoeHuH 
KOTOpOl MOAKHO OTBICYbCA OT Pa3MEPHOCTeH BeAMUHH HM BBI- 
BOAbl KOTOPOH B 3HAYHTeIbHOH YaCTH OAHHaKOBO ciipabe,l- 
HBbI JWIA BCe€X KOHKPeTHBIX cayuaes. Bee Bunn Konebannii 
OObCKTHBHO H3OMOPHEI “pyr Apyry, a Teopusa kovle6anuhi 


C eC (OPMaJIbHbIM MaTeMaTH¥eCKHM anmtapaTOM H30MoOpdna 
HM BCeM. 


LI30Mop@u3mM pa3vIHUHbIX PH3HYeCKHX SABJICHHH MoO3BOUIAeF 
OCYILCCTBIATb MOMeCIH MPOMBIWVICHHBIX WH  TeXHHYeCKHX 
YCTPOHCTB H IpOTeKalOllHX B HHX Npoueccos. Peub unger He 
0 MOACAX CYTOB, CAMOJIETOB H T. Il., T. @. O MOM@JIAX C MACUI- 
TaOHbIM YMeHbIUeHHeM pa3MmepoB. JlonaTue MO€JIH POBaHHs 
N€CpaBHeHHO UIMpe H BKJMOYaAeT BOCMPOHsBeEZeHHe peaJIbHoro 
ABJICHHA Ha H3OMOPMHOH MO,eH, KOTOPaA OTAMUHA OT BoC- 
NPOH3BOAHMOTO ABJICHHA MO CBOeli :u3sMyecKOh npupoge. Ca- 
MO H3y¥aeMOe€ ABACHHE MOKeT ObITh HEMOCTYNHO WIA H3y- 
ueHHA JIMOO BCJIENCTBHe CBOHX SHEpreTHuecKHX MaCLITAa6oR 
HIM MaClITa60B BpeMeHH (IIpOCauMBaHHe PpyHTOBHIX BOL, n0- 
‘T€T yipaBJAeMOro CHapsAya), AHOO BCE ACTBHe HeELOCTYNHOCTH 
ANA HENCCPCACTBEHHOTO HaGsIOQeHHA (paboTa cepaua B *KH- 
BOM OpraHH3Me). M30mopduaa momenb—Mexannueckaa, 9au/eK- 
TPOHHAH, THApaBJINyeCcKad — BOCMPOH3BOAHT 3aKOHbI MmpoteKa- 
HHA peaIbHOrO NMpowecca HM MeNaeT MOCTYMHOH OWeHKy ero 
TeYeHHA B UWIMPOKHX Mpeesax H3MeHeEHHHA ycJoBHh, 

CylilecTBeHHbIM B IIPHpORe CHrHaa ABJIAeTCA He cam (pu- 
3HYCCKHH OObEKT, B KOTOPOM CHIHaJ BOMJIOWeH, a AHUIb TOT 
akT, 4TO CHrHa MpeacTaBAaeT co6oll MHOKECTBO Pazs- 
JIMYHbIX COCTOAHUNHM Musuyeckoro OObeKTa HAM Mpouec- 
ca. MuoxectTBa COCTOAHH [VIA pasaHUHDIX (UsHyeCKHX O6'beK- 
TOB HJIH HX NOAMHOMKEeCTBA MOryT ObITh H30MOPdHO conio- 
CTABJeHbl Apyr C APyroM HM peaJIbHO NepeBeteHb! ONHO B ADPy- 
roe COOTBETCTBYIOWMM MH3H4UeCKHM MpeoOpa3zoBannem. Tak, 
H3 OAHOH PH3HYeCKOH POpMbI CHrHada MOXKeT GObITD Nomyye- 
Ha opyrad dopma. MNmMenHo TakuM O6pa30M MHO2xKecTBO 3Ha- 
YCHHH 3BYKOBOrO aBJeHHA, YyNOpsAmouveHHOe Bo BDeMell, 
Me€PeBOAHTCA C MOMOLIbIO MHKpotoHa BO MHOXKeCTBO 3HaueHHl! 
DIEKTPHYeCKOTO TOKa, @ 3aTCM— BO MHOKeCTBO MOOKeHHH 
HIVIbl SBYKO3alIHCbIBaIOWero alllapara WH MHOMKEeCTBO TOUCK 
SBYKOBOH JLOPOXKH, YMOPAROYeHHbIe B MpoctpancTBpe. OHO- 


3] 
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3HAMlO€ COOTBCTCTBHE HO3BO.I9CT JIPHMCHHTb OOpatuoe upCodpa- 
3OBAHHC H BOpHYThCH K TIpPC7KH@My MHOKEeCTBY B_ TperklireM, 
3BYKOBOM, BOILIOWCHHH CHrHala. 

IIpH 3anucuH 3BYKOB C NOMOLIbIO HOTHBIX 3HaKOB HJIM pedH 
C NOMOULbIO OYKB COMOCTABJIAIOTCA HE MPHOBeCHHbIe 3HayeHHsI 
aBJIeHHS! H CHMBOJIbI 3aMNch, a KOMOHHAWUHH 3HayeHHH WaB- 
JeHHst (TOH, (oHeMa) H CHMBOJDbI. IIpH atom HeKoTOppIe Xa- 
PaKTePHCTHKH 3BYKa B 3anHcH TepsOTcH (TeMOD, HITOHAILHA), 
OTCYTCTBYeT TO.IHOe@ COOTBETCTBHe 3BYKOB HOTAM H TCKCTY. 
Bocnpou3BeieHhe HOTHOM 3anHCH WH TeKCTA OKA3bIBaeTCA, Ta- 











Pic. 2.35. QteKkrpuueckne upeoOpaso0BakHHA Mp 3aluicil 38BYKa Ha AUCK. 
/ — 3aNlch 3BYKa B BUC HOT, 2— BOCIpOUsBeAeHHe HOT B BUAC 3ByYKa Ha MY3bIKaJIb- 
HOM WHCTPyMeHTe, 3 —- MHKPOOH MpecOpa3syer 3BYK B 9NeKTpHUcCKHe KoONeGanHn (4), 
Oo — YCHJIHTeAb, 6 — 3aTIHCbIBaIOWaA PTOVIOBKa inpeo6pa3yer SJIEKT PHYeCKHE KO.IEG4HHA B 
Me XaHHueCcKHe Tt HQHOCHT ,3BYKOBYIO AOPOMKY""Ha BPAULAOLLHIicA JUHCK, 7 — 3BYKOBaHi 
HopokKKa Ha ANCKe, 8 -- BOCIPOH3SBOATULAA TONOBKaA (Hrvia [CKOAL3HT NO BopowKe 
npeoopa3yer eC PHCYHOK B Me xXalirqeckHe KO.1eO04HHS, MbC308@MCHT npeoopasyer Me- 
XaHHuecKHe KOWICOaAHHH B MXIeKTpHieckHe), 9— ycuuTeib, (0 — ycHMeHHbIe S1eKTpu- 
qeckiie KO.1Ie6anHisa, ff — penpowxyKTop mpeoCpa3yer aexrpHueckne KOe6aHnia 
B 3BYKOBbIC (/2). 

KHM OOpa30M, OCTABJICHHbIM B HeCKOTOPOIL creneHH Ha Mpolis- 
BO.T HCHOAHHTeAN. PasaMuHble HaWHOHAIbDHbIG ASbIKH MOrYT 
ObITb MOCTAB-IeHbI B COOTBeETCTBHeE JIPYF APVIV Tak, Kak 9TO 
jleJlaeTca pi mepesore. KaxkAoMy s3biKy cCooTBeTCTByeT MpII- 
MePpHO OJNHaAKOBOe MHOKECTBO NOHATHH, OTPAKAWINHX COOBITHS 
HHTUBHAYaIbuoro H OOWecTBeHHOrO OpiTHA. Bce, YTO MOMKHO 
BbIPASUTL Ha (PpanILV3SCKOM AB3bIKe, MOMRHO CKABATD TMO-pyCccK'l 
H 1mao6opor. 

Mrak, CHrHa.l ecTb H30MOpdHOe OTOOPAKelhe H2KOTOPDIX 
CTOPOH (u3HyecKoro @akTa HAH COObITHA. Curnal Bcerma cy- 
IeCTBYeT B HeKOTOPOM (Pu3H¥eCKOM BOTMIOULeHHH. Ciurimac 
CVULeCTBYe€T B TpewetaxX OpraHW30BaHHO KNOepHeTHUeCKOH 
CHCT€MbI. CHrHad Nopowyaetca B mpetetax ston CHCTeMh 
NO BOSHECHCTBHEM BHeWHero COODITHA HTH JIPYPHX CHIH. 1OB. 
CUrHa.l CYULECTBVCT CAMOCTOATEIBHO, 1e3saBUCHMO OT HOpo- 


oe 
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AUBUUCTO CFO COObITHA, Tepesaerca, dukcupyetces (sanomit- 
HaeTCA), BOCIPOH3BOQUTCA HM B KOHeYHOM ATOre BOSelicTByeT 
Ha KHOepHeTHYeCKy1O CHCTEMY, BBISbIBaX HeKOTOPOe Jelict- 
BHe—peakilnio. Hu dusnyeckag dopa, HH KOJIHYeCTBO 3Hep- 
THH He HMC€IOT pelllaiomero 3HaueHug. SHayenne, CMBICI 
CHrHaJlad = =3aKJOUaeTCA B TOM, U4TO HMeeTCH COOTBETCTBHE 
CHrHada H COOBITHA HIM peakuun. 

TakuM o6pa30M, cMbICOBOe HWIH CeMaHTHYeCKOe cojepxKa- 
HH€ NOHATHA HAPOPMALMH, M0-BHAMMOMY, HCYepNbIBAeTCA H30- 
MOP@HBIM COOTBETCTBHEM BHELIHero COObITHA H CHrHawla. 

limes, c O2HOH CTOpoHE, H€KOTOpoe COObITHE HJIH ABJIC- 
HH H MHOKCCTBO BOSMOXKHBIX «KCOCTOAHHM» STOO ABJICHHA H, 
C ApyroH CTOPOHbI, CHrHal H MHOXecTBO ero cocTtosHu wm 
CHMBOJIOB H YCTAHOBHB COOTBETCTBHeE QJI@EMeHTOB 9THX JIBYX 
MHOMKECTB, Mbl TCM CaMbIM IIPHNHIUeM KaK OMY CHrHadIbHO- 
MY CHMBOJIy €rO «CMBICA>, T, €. COOTBETCTBYIONLee CMY KOHK- 
PeTHOe COCTOAHHE ONHCHIBAeMOrO COODITHA. 

IIlocblaka onpememenHoro§ cwuruasia IpeAcTaBaer coéoli 
BbI6OOp OAHOTO CHMBO.A WIM 9JI@MeHTa H3 BCero MHOKectTBA 
BO3MOXKHBIX CHMBOJIOB. ITOT BLIGOP NPOH3BOANTCA TeM BHeULI- 
NHM COOBITHEM, C KOTOPBIM CHrHaJl HAXOMHTCH B COOTBETCTBHH. 


Oco6eHHO HYKHO OTMETHTb TOT akT, uTo CHrHaa Kak (pu- 
3HYeCKHH Mpolecc, Hecyuuit Ha ce6e HHPOpMaLHN, T. e€, Co- 
XPaHAIOWHH COOTBeETCTBHE C TEM HJIM HHbIM COObITHeM, BCer- 
Aa CyusecTByeT TO.1bKO B Iipewzesax HeKOTOpPOli OpraHH30BaH- 
HOH CHCTeMbI. Sta cHCTeMa, B CuuJly CBOHX CBOlicTB, NO3BOIHeT 
PeaIH30BaTb BC€ CBOHCTBA CHIiladla, H3 KOTOPbIX rlaBHbIM 
ABMACTCH TO, UTO CHTHAJ HCNONb3yeTCA IA yopaBJleHug, T, e. 
AJA COSHAaHHA peaKUHH HH OTBeTAa Ha H3MeHeHHe BHEeLIHeLi 
o6cTaHOBKH. Bue opraHW30BaHHOit cuCTeMBI CHrHall MOKeT 
CYILECTBOBATbh H COXpaHATb CBOH (PUSH4YeCKHe cBolictBa, 
HO TepseT BCe CBOHCTBAa CHTHada, yTpauHBaerca mHop- 
Mall, CBA3b C COOBITHEM H peakilvel, yTpayuBaerca B03- 
MOXKHOCTb «MOHATD» CHTHA.1, HCHOIb30BaTb €roO Aig BbIPaGboT- 
KH peakllHH, 

Ku6epHermueckaa CHCTeMa, B lpewetax KoTopoit cymect- 
ByeT JIaHHBIH CHPHal H KOTOPaH, TaKHM OOpa30M, OGecHeuH- 
BaeT YCJIOBHA eFO CYUICCTBOBaHHA, MOIKHA ObITb 3apaHee 
OpraHH30Bana, T. €. MOCTPpOeHa MO HEKOTOPOMY I1avy Hu HMeTb 
OMpeweeHHyIO CTelMeHb CIOwKHOCTH, Muaye roBops, crpykTypa 
CHCTEMBI yKe 3aKMOUAeT B CeOe HEKOTOPylo HHMOpMalHW, KO- 
TOPyYIO MbI Ha30Be€M <«IpeABapHTCbHOH» MO OTHOLICHHIO 
K «TeKylleH» HHDOpMallMH, KOTOpy1O HeceT Ha ce6e CHTHa, 
CYULECTBYIOIWHII B aHHOH cucTeMe, 

3. Hf. A. Moteraes 33 
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BosnHKHOBeHHe CHrHada WH peaKUHA 


BuyrpenwHocTb wKada TepMoctata crada HarpcBatbca 
BOIEICTBHeE TeMJoMpoBowuociH creHok. [lorok Tema rpo3sHT 
HApYIHTb MOCTOMHCTBO TeMMepaTypbl, KOTOPOe MOKHO TIla- 
TeJIbHO NOATepyKuBaTbeA. HeO6oubiaa yacTb 3TOFO Tela Ha- 
rpedia UVBCTBHTeIbIbIT 31CMeHT TepMopedie. Pee 3a4MKHYyA0 
KOHTAKTHI, B Wen BOSHIK TOK — CHrHaJl oOMacHoro Neperpesa, 
Dror CHrlasl BHIZOBeCT BKOUeHHe OXTaKLalolkero ycrTporicrBa, 
H paBHyoBecHe OyJeT BOCCTAHOB.JeHO. 

[Ipw BOSHUKHOBCHHH MowKapa HHYTORKHAA YaCTb BEIACTAC- 
MOFO TeMH.12 BostelicTByeT Ha TePMOYYBCTBHTCIbHbI MmpHoop 


7 
x) ; 


le 


{0 













Puce. 2.4. Cropomesoe orope.te. 
1 — ocpetnretb, 2— annba, 3 — ayy cBera, HepeceKkaloumM OXPAaHAeMOe UpOCTPalcTRO, 
4 — porosnement, 5 — AIMnOBbIL YCHAHTC.1b, 6 — pede, 7 — cueToBOH cHrHad, 8 — 3By- 
Konof curHad (3B0HOK), 9— KOHTAKTOP MOLUHOTO HCHOAHHTeABHOTO yeTpolictra, 10 — 
MpOROM K HCHOARHTCALHOMY ycTpolicTpy. 


H Tipeco6pa3syetca B NM B CHTHaT TpeBorH HAN B CHIHAT, 
BKMOYAIONMT CHCTCMY CUPHHKepoB, pasOpbi3rHBaIOMIMX BOY 
fa Ouar Nokapa., 

Bprpalot calyyan, Kora CHrHad mo cBoel 9HeprHy He 
rO-IbKO He MCHbiUue, a ropas1o 6o.7AbWe Toro COObITHA, NOAB.TC- 
ue KOTOPpOrO on oTMeuaeT. Tak, cuerank Tenrepa — Mro.tena 
OTMe¥yaer HMMyeIbCOM 3ICKTpHyeckoro TOKa NposerT yepes €PO 
OObey UACTHUL! KOCMHYCCKOrO IIH paqHOaKTHBHOTO H3J1Tyue- 
Hud. B sTOM Ciydae CHIHa.1 No cBoeH 9HCpruu BO MHOro pas 
HpeBpulaeT CaMO COOBITHE. 

Cret, nagaioulit Ha ceTuarky 7.1a3a AKHBOTHOPO, BDISbIBACT 
HOABICUHE BOSOYKACHNA HEPBHBIX OKOHUAHHH, KOTOPOe COOT- 
seTCTByeT XaDPaKTepHCTHKaM Naslalolfero cBeTa UH ABAAeTCH 
CHrHaJIOM BHelllvero COObITHA Wis Opranu3sma, Heppuoe Bos: 
OyxKgeine Mepeqaerch B MO3r, TAe B pesydpTare BbIpada- 
THIBACTCA PCAKUNA Ha BHELIHee Pas*parkenne. 
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Jlio6as = pedlektopiian searenpuoct, OpraHn3mMa Hauu- 
HdCYes C OUYUICHHA, T. @. ¢ NOABACHHA curnaga HepBuoro 
BOSOYKACHHA, BOSHUKAaIONIcro Mon AchcTBHeEY BHEWNero IH 
BIIYTpeHHeroO coOpitaa. Bee Bnevyatienua of BHeUHe©ro MHpa 
CYTb CHIHAaJIbI COBCPUIaIOWAXCa BOKPyr Co6bITHIT. 

BHyTpeHHve mpolieccet B XKABOM OpraHH3Me TakxKe compo- 
BOMKAAIOTCA NOABJICHHEM CHIHAJIOB, MaKe B Tex CY"aAX, Kora 
ONlyUJeHHA OTCyTCTByIoT. Pa6Obora MBI BbIsbIBAeT pactuvpe- 
HH€ KPOBEHOCHBIX COCYAOB, BCJeACTBHe yero nanaer KDOBA- 
Hoe Mapseuve. Ilanenue kpoBsnoro 2aBAenuA OTMeYaeTCA pa3- 
APAHKCHHEM YYBCTBUTEbHBIX -HEPBHBIX OKOHUAHHI, pacio.10- 
*KCHHBIX B OOJBIUOM 4HCTe B CTeEHKaY nepwdepHyeckux cccy- 
A0OB, H B BHM CHrHada HeEPBHOTO BoO3s6yxKTeHnA mepeqaetca 
10 Tak Ha3bIBaCMbIM MIPCCCOPHBIM HePBaM K HEPBHBIM WeHT- 
P4aM MpoOAoONroBaTorO MO3ra. Ora cHrHadM3anHA He conpo- 
BOMKAAeTCA CYObCKTHBHBIM OLLYULCHHeM, 

MoxnHo mpupectu ele muHoro NPUMepos, MOKa3bIBalOUHX, 
KOK B HeKOTOPOM 3SJIEMCHTe OpraHH3OBaHHOll CHCTeEMBI (pete, 
(POTOSICMCHT, HepBrOe OKONNaHHve) BHeUIHee co6LITHe BO3- 
OY 1aeT CHrHaw, 

Me Menee Oorata npuMepamn yt O6vlacTD ABJCHHH, B KOTO- 
PBIX CHTHaJT Npespallaerca B MelicTBHe 4 BBIZbIBAaCT TeyeHHe 
IHePPCTHUECKHX TMPOHeCcoB OOOH MOLULHOCTH. 

[Ipocrefiiuum npHMepom u3 93Tol obsacTH ABJIHeTCH NYCK, 
OcTaHOBKa H Pery/IHpOBaHHe XOMa MOLJHBIX MOTODOB, o6culy- 
*RUBAIOULHX IICKTPOBO3, MOAbeMHbI KpaH HH mpoKarTubiii 
CTaH, C HOMOINbIO BCNOMOraTeIbHbIX MAaJIOMOILHbIX ucmel} 
yupaBjenua. Haxkatue KHONKH HM MoBOpoT PYKOATKH yupab- 
ICHHA ABIACTCA CHFHAJOM, KOTOPbIT Mo cBOeli MOMIHOCTH He 
clocoOeH MpHBecTH B ABHAKCHHe MOLI MOTOP, HO KOTODpDbIIi 
AocTaTONeH AIA TOPO, UTOOLI BKJNOUHNTh pee HIM KOHTaKTOp, 
H 3aMbIKaHHe KOHTAKTOB CHJIOBOH Wenu MpovsBeser *KeNaemoe 
nericTBue. Motop 6yzer BpauaTbca 3a cuer SHEPrH MCTOUHHKa 
MITaHHA. CHrHadl 2%Ke cnoco6eH ToJIbKO HalpaBUTb 9Hep- 
MHIO HCTOUHHKA B wKeaemMoe pyclo. B taHHomM cayuae ocHoB- 
HDIM SJIEMCHTOM CHCTEMBI, MO3BO/SIOWMM CHTHaly mpespa- 
THTbCH B J@HCTBHe, ABJISeTCA KOHTAKTOP, KOTOPbIM MOKHO 
PaCCMaTPHBaTb KaK H@THHEHHBIM YCHJATeNb MOULHOCTH 
CHrHada, 

Jito60e AHCTaNUNOHHOe ynpaBaenne, OCYULECTB.AAeMOe T1e- 
peayell ciriaOoB Mo paqvo HW Mo NpoBosam, orHocutca 
K TOMY Ke Kpyry siBaenu. B mMocKkoseKom [IlomHtexHuyecKoM 
My3C€ OAHO BP€MA ACMOHCTPHPOBAaIOCh BKIOYCHHE MOTOPHUrO 
mpHBOAa oT (hoTosviemMenta. Wcxonnpii curuan BksqoueHna 
CO3STABATCS MOCCTHTe.TEM, MepeceKkaBuINM JIyy cBeTa, Maato- 
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nud ua (orosxdement, LB 9TOM eaydae CHPHAT WpeacraBe Tr 
coooll He TOCTY UAC Wie NOP SHeprull, a MPe Kp a uLe- 
HHe nocayH ee ua (porostementT. OToT mpHmMep y6exAaet 
Hac B TOM, UTO JIM CHIriaJla CYUIECTBCHHbIM ABIAeCTCH He Ha- 
AWUHC SUePrH, a USMCHCHME eC NOCTYMICHHH, T. C. pa3- 
THYHe COCTOAHHH. 

AuaatorvyuHpie ABAeHHA Ha6.ostaloTcs HB padoTe HepBHOll 
cucTeMbl. FleppHoe Bo36yKAeHHe MOET BOSHHKATb HE TO.TbKO 
HpH YBeJHYeHHH SHeprHu BOSACHCTBHA (osBAeHHe cCBeTA, 
3ByKa, MapleHHa), HO H NPH ee YMCHbIICHHH WITH HCHESHO- 
BCHHH, 

Bee BYXKeCHHS XKHBOFO OpraHH3Ma, MPOM3BO.IDHbIC HeIH 
HEMPOHSBOIbHbI€, ABAAIOTCA Pe3ybTATOM COKPailcHaA MBIUL 
JIM TpPyMM MBI, a STH MOCMEAHHE MPOUCXOAAT TO.ALKO NO-T 
BOSICHCTBHCM OUCHb CAORIX CHrHaOB HePBHOTO BO30y 2K Ae- 
IIA, WPHXOAAWHX MO HCPBHBIM BO.TOKINAM, CaMH COKkpalmonla 
HPOHCXOMAT 3a CueT OHePTHH, HAKOMACHHOH Bo MBINICUTIBIX 
BO.TOKHAX, 


CurHaulbl MOpoK alot CHPHaJbI 


Llospelctie TMepBonarabHOrO CHPHada Ho Peakilist CHCTC- 
Mb CYTb HavaIbubiii MH KONCHHBIH 9TAMbl CYUICCTBOBAHNA 
curtata. Mexjly CBOHM «poxkyeHlleM> HM <CMepTblOy CHITA! 
MOIKET BCCTH JQITYIO 2KH3Mb, MOMNyIO COOBITHH, H{adeko He 
Bcerfa clriiat cefivac we Beh 3a NOABEHHEM BHISHIBACT 
peaxunio. Uacro on cyllecTByeT AoArO BMCCTC c ApPyrHMi 
CHrHadaMHu, C KOTOPbDIMH OH MOAKCT B3aHMONCHCTBOBATb NO 
ONPeICIeEHHDIM 3aKOHAM, NOpowu Lad HOBbIC curHaibl, Becunc- 
newuble HPHMepbt TaKorO pola MOANO NPBecTH Hs padorTbl 
PeLIAIOULIX YCTPOHCTB. Emme Goce Gorata NOAOONbIMH TIpPHMC- 
paMH paOora WepBHOH CHCTeMbI *HBOTO opraun3ma, Hepsupic 
ipoluccchl COMpOBOAAAIOTCA TAKUM — TCCHDIM Hepelmereniiem 
BOSILCHICTBHil MHOFHX CHTHAOB, UTO NOMCTHHC MPHXOAMTCH n0- 
TPYAMTbCA, UTOOB! BbILCITb OTMe1IbHoMT aKT BOSOVAK ENN. 

PaccMoTpimM caMbiifi MpocToH MpHMcp. TaroBplli MOTOP 
sNeKkTpomoes,a pH pa3sroue, Ma MavIBIX o6opotax, norpeb- 
rset mopbpuueHubli ToK. UToOpl ero OrpauH4HTh noc.1e1OBa- 
reJibio BKlowaloT mycKoBoii peocrat. Ilo Mepe pasroua pac- 
TOT NPOTHBOWIEKTPOABHAKY Mad CHa, TOR WagaetT, peoctTat 
BbIBCASIT, 3€MbIKaH HAKOPOTKO Cro CeKILHH NOMOILbIO KOI- 
Taxtopos. B cueTeMe ynpaBacHia HMeerea TAK 1a3blBaeMoe 
peste yCKOpeHHs, KoTOpoe pery-THpyct pekuM HycKa, OHO M0- 
‘Tyuaer OAHil CHa OT KOUTpOepa MalWHCTa, a Apyroi -— 
cy Motopa. Tlepapiit curuact weceT KOMAail7Y. KYBCTHYNTE CKO-. 
30 
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POCTb>» HIM “34MKHYTb OYepeAHYIO CeKUMIO peoctata», Bro- 
pol CHrHaa HeceT HH*POpMaLHMIO: «TOK MOTOPa MOCTHr HOPMBI 
H MOXKeT ObITb yBeHYeH», OTCyTCTBHe CHTHaOB HMeeT 3Ha- 
YeHHE, MPOTHBONOJOKHOe YkKa3zaHHbimM. IJon wBosnelicrBpuem 
KOMOHHAaNHH JIBYX CHIHaJOB — «HYKHOY U «MOMKHO» — pete 
cpaOaTbiBaeT HW BKJUOUAeT KOHTAKTOP, 3aMBIKAaIOUIHi CeKIUMO 
peocrata. Ecru xota Obl OHH H3 CHTiasIoB oTcyTcTByeT (11160 
“HE HYKHO>, JHOO «HEb3A>, M60 HM TO H Apyroe), pete ue 
CpaOarbiBaet HM m0e3q He YBeJIHYMBaeT CKOPOCTH, 

B xommytatope ATC np HaOope 3anatoro HoMepa apa 
CHrHasia—Ha6Oop HoMepa H CHATaMA Tpy6kKa—nopoxyawr Ho- 


BbIM CHrHaJI—KopoTKHe 
; es P CZ 000 
TYAKH «3aHHATO. ; 
Ecun HEOMKULAHHO "7 
YKOJIOTb YeOBeKa 8B } 


HJIEUO, OH HeMPOH3BOUIb- 
HbIM J[BH2KCHHEM oTylep- 
Het pyky. Hepsuoe pa3- 
4paxKeHHe Mpoul1o 10 
H€PBHbIM BOJIOKHAaM B 
CNHHHOH Mo3r Hu OOparT- 
HO K MBIIUMaM, 3€@MKHYB 





Pie. 2.5. Cxema pease yckopeuua 9aex- 


peiekTopuylo wyry, 4H 
BbIZBaIO =—- COK Pa lLeHHe 
MBI. Tenepb mpezmo- 
1OKHM, YTO YeOBCKy 
Ha3HaveHa BPayOM NOD- 
KOKHaAA WHbeKIMA. Ac- 
0, 4YTO B 9TOM clyyae 


Tpomoes Ra. 


/— TATOBLIH MOTOpP, 2— O6/MOTKaA BO3s6yxDeHIIA 
MoTOpa, @— C€KWHA NyckoBoro peoctata, ¢— 
KOHTAKTOP, 34MbIKalOUluA peocTaT HakKOpOTKO Npu 
pa3srone noe3ya, 5— O6MoTKa pele, coenHHeHHaA 
NOCJELOBATCALBHO C MOTOPOM, MH KOHTA&KTH. pa6o- 
TalOWlHe Ha PasMbIKaHune, 6— oOmMOTKAa peae, BO3- 
6y KAaemMan OT KOHTPOAepa MaWHHHCTa, H KOH- 
TaKT, pa6oTaimu Ha saMbIKaHHe, 7 — KONTAKT 


KOHTpOAMepa MalluHHucra. 


MpH ykovle MWallveHT He 
OTMepHeT (HIM MOUTH He OTMepHeT) pykKH. <AKT BOvIHy, BHIpa- 
*KCHHBIH B HEPBHOM CHTHaJe, IpHWeWeM OT rovIOBHOTO mo3ra, 
B KOMONHAILMA C OobIO yKOJIa —— APyTM HepBHBIM CHrHaJIoM, 
BbI3BaJI HOBbIM CHTHaJI u HOBOe MelicTBHe — TOPMOMeHHe pedb- 
JKTOPHOFO JBHKECHHA. 

Tloq06nble MPHMePHI MOKNO 6€3 TPYLa YMHORKUTD yc- 
TOMUATH, 


MoawHora onncaHHua 


Mrak, curHael ectb (u3Hueckuh Mpouecc, cyiwecTByIOWIAt 

B KHOe€PHETHYeCKOH CHCTeMe, HMeIOULMH MHOKECTBO cocToOR- 
HHH, KOTOPble OH IIPHHHMaeT B COOTBETCTBHH C BHeLUIHHMU 
COObITHAMH, BO3MeHCTBYIONIMMH Ha cucTemy. OcHOBHBIM CBOII- 
CTBOM CHIHaJla ABIAe€TCH TO, UTO OH HeceT HHDOPMALLNW O CO- 
a7 
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6bITHH, T. ©. HAXOAUTCA B COOTBCTCTBHH c HHM, Ojlita H Ta Ke 
HHMOPMAUNA MOKeT 3ak.UOYATLCA B Pa3UNblx POPMaXx H, 
HaOGOPoOT, OANH HW TOT %Ke CHIHal MOWKeT HECTH Ha cede Pas- 
THUHVIO HIMOPMaLlulo. 

OueHb YacTO B TCOPHH HHMOPMAWHH pasJINYalOT MNOHS- 
THs KCOOGILICHHSD> H «cHriada». Ham mpemcrapnerca BecbMa 
CYLICCTBEHHDIM TOT (aKkT, ITO COOOULCHIe HAKOrMa He CYLICCT- 
ByecT Hiauc, KaK B BHC 
CHrHadd COObITHA, T. e. 
B BHLe MaTepHadbHOro 
OO bCKTA. 

Hukakoe CHPHaIbHOe 
GUHCAHHe COObDITHA He 
MOskKCT GbITb  TIOJIHDIM. 
CraBpa 3akauy onnca- 
HHS, Mbl BCeTLa MOJIK- 
Hbl 3llatTh PpauHbl do j1- 
poOHocTH 3TOFO OllHca- 
Hust. dlioG6oe codbitue 
MOAHO OMHCaTb KOpoue 
WH TlowHee. YNOMHHAB- 
IIHHCA BbILe MyT6o.Ab- 
Puc. 2.6. Kpantropanie ienpeppipnoro NbIH MaTY MOKHO OIlH- 

curhavia. Calb BbIOOPpOM H3 JLBYX 

ay Heneaeains 16, ieee a see Hoc UocinenNn: a bAuLD 

BONHbIT CHI. JIH>, KHe BbIHTpd/JlH>. 

MoxXHO ~~ HCMOJIb30BaTb 

Godee OOWHPHOe MUORKecTBO COOOILeHH (OKO1O cra), coo6- 

ue cuet. MoxHo HapaulHBaTb NOTPOOHOCTH B 060M KO.1H- 

yecTBe. TakHM O6pa30M, MHOoroo6pasHe peadibHblx cCOObITHH 

CTaBHTCH B COOTBETCTBHE HAH OTOOPamkKactca Ha MeHbluce NO 

OObeMY MHoOrooOpa3He coo6uleHHil B BHMe CHrHaIOB. OAMHOU- 

HOe@ OMHCaHHe HenOJINO, H, TOJbKO MposospKaH ONMCanve Kak 

YrOMHO MOJO, Mbl MOXKEM NPHOAH3HTbCA K TONOMY COOTBET- 
CTBHIO ONMCaHHA PeaJIbHOMY COOBITHIO. 

Ilockoupky cCHrHad cymecTByeT B KHOepHeTHYeCKOH CHC- 
TEMe, CBOHCTBA KOTOPOH NOTHOCTbIO ONPeLeNOT HW BOSMOA- 
ible cBolicTBa CHriaa, MOCTOAbKY MoONOTa ONNCaHHA COObI- 
THA C THOMOIMLbIO CHTHada 34BNCHT OF CBOHCTB CHCTCMBI. 
CucteMa BOCIPHHHUMAaeT TObKO Te CTOPOHDI COObITHS, KOTOPBIC 
oHa cnoco6Ha MIpaMo HM KocBeHHO «oulyTHTb». Hpocrenmue 
CHCTCMBI C OFPpaHHYeHHOM CAOMKHOCTLIO CTPYKTYPHI CMOCOOHDI 
TOJIbKO K IIPHMHTHBHOMY H HeMOJIHOMY BOCIIPHATHIO H BOCIIPO- 
usBemeHuIO (<onuCaHHIO») coObiTHa. Tak, Hanpumep, padota 
TCPMOCTATA CBAZAHA TOKO C OMHOH CANHCTBCHHOH BCJIMNH- 
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HOH—TemllepatTypoh; apyrne du3nueckue BeJIHYHH bI— 1aB.1e- 
HHe, Macca, yCKOPpeHHe H T. T.— He HM@IOT CMbICa Jaa 9tOll 
CHCTEMbI B TOM OTHOWECHHH, UTO CHTHAaJ] UX He OTOOpaxaer 
(XOTA ONH KOCBEHHO HJM MpaAMo BaAusIOT Ha pa6oty Tepmo- 
ctata). J[pyrne, Gomee caoxKuble cucTeMb, o6manawT boNb- 
WIHMH BO3MOXKHOCTAMH B CMBICJI€ OMMCaHHA COObITHH. 
Kpome KayecTBeHHOM cTopoHbI—cnoco6nocTu cHcrem Boc- 
NPHHAMATb pa3JHuHble MH3M4eCKHE CBOHCTBa H CTOPOHL AB- 
lCHHH,— NOJHOTY OMHCaHHA COObITHA C NOMOLIbIO CHrifacion 
MOMKHO PaCCMATPHBATb Take u C KOMYECTBEHHOM CTOPOHHI, 
OWCHHBAA YHCJIOM «KOJIHYECTBO HHDPOPMALLHH» O AAHHOM COOHI- 
THH, 3a4KJIOUCHHOe B CHIHaJdle. DTOT BoMpoc cocTaBJserT COdep- 
KaHHe TEOPHH HHMOPMALHH, KOTOPOH MBI KocHeMcsa Bra. 4. 
Moria roBopat, 4ToO CHrHad, ONMCHIBAIOINHi BHeUIHee BO3- 
AeMCTBHe, HECET KOCBEXOMHTCJIbHYIO HHMOPMauNloy, a CHurHaWl 
ONPe€AeTAIOWHH PCaKILHIO CHCTeEMbI—HHOpMaHIO «HCMOJIHH- 
, TCIbHyIO», OAHAKO STHMM ABYMa THMAaMH He HCUepMsrBasoTCH 
— BC€ BOSMOMKHbIC CHTHATbI, CyulecTBy!OT CHrHaJIbl, Mopoxnac- 
MbI€ OCBEAOMHTCALHOH HHOPMaLlueH H MOPpORWawllne B CBOIO 
OUePeNb CHrHAJIbI HCMOMHHTeJIbHBIE. | 
BplBaloT culyyaH, Kora BOOOWe 3ATPYAHHTebHO comocTa- 
BHTb HeKOTOPble CHIH@Ibl C OMpeAeJICHHbIMH COOBITHAMH WI) 
peakuvaAmMHu. Hanpumep, HHCTpyMeHTaJIbHaad MY3bIKa, KoTOpaA 
3aloJIHAeT Sup B paqHonepexayax HW KOTOPaA, HeEcoMIeHHO, 
HMeeT BC€ NPH3HAKH CHTHAa, He MOSBONAeET cpa3y HW TIpocTo 
YKa3aTb, KaKOMY HMMeCHHO COOBITHIO HIM PeaKIUHH OHa COOT- 
BeTCTByeT. SaTpyMHeHHe 3TO, OMHAKO, He MPHHUMMHAaTbHOE, 
a ckopee «TexHuyeckoe». My3bika, paccMaTpHBaeMas Kak CHr- 
HaJl, HECOMHEHHO, HeceT HHPOPMALHIO UH eH COOTBETCTBYIOT 
SCTeTHUeCKHe NepeKUBaHHA cCAylaTesel, J,elicrBue MY3bIKH 
MOXKHO HaGOOLaTb, PaCCMaTPHBaA HeEPBHble Me€X@HH3MbIl, yi- 
paBIaolue IMCIHAMM YeTOBeKa. OTH MeXaHH3MbI pa6o- 
TalOT 34KOHOMEPHO, HO MbI CPABHHTEJIbHO MaJIO 3HaeM 06 3THX 
3aKOHOMePHOCTAX. T@M He Me€H€e MbI MOXKEM, XOTA Onl KayecT- 
BEHHO, MpOCJeNHMTb CBA3b MeK UY IMOUNAMH WH u3HOJOrHYe- 
CKHM COCTOAHHEM HepBHOH CHCTeMBI. Ce3br BocTopra sABJIS- 
IOTCH JIHWb KpaHHHM MpOABJeHHeM OObeEKTHBHOTO Ae iicT- 
BHS, KOTOPpoe OKa3bIBaeT MY3bIKa Kak CHIHaJl Ha YesoBeKa 
Kak KHOepHeTHyeckylo cucTeMy. Mpr He MO?KeM MpOCeUTb 
TOUHO ReTaJIH HW OTTCHKH STOTO MeHCTBUA, TaK KaK eile He BCe 
3Hae€M O pa6oTe HepBHOH cHcTeMbIl. CoppeMeHHanA 9cTeTHKa 
BeECbMa MawieKa OT TOFO, 4YTOOb! H3y4aTb NpPOH3BeEAeHHA HCKYC- 
CTBa KaK 3BeHO Wel «cOObITHe—CHrHaJI—peakluaA», H NOl06- 
HO€ MPeANOTOKeHHe OObUIMHCTBY HCKYCCTBOBEAOB M0Ka3a- 
JOCb Obl, C HENPHBBIYKH, COBEPIIEHHO HelPHeMJICMbIM. OaHako, 
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IL WO OSTOMY JIYTH, MOAKHO HOCTENEUHO NOCTABHTbL 3CTeTHKY 
B PSL TOUHbBIX HayK, ONe€PHPyIOUHX KOJIMYeECTBEHHO!H MepoH 
H TOYWHBIMH KPHTepiamu, B nactonuiee BpeMA MbI BeCbMa 
AadeKH OT 9TOTO, UeEMY He NPHXOMHTCH YOHBAATbCA, Tak Kak 
TPVHOCTH Ha 9TOM MYTH HeOObIYaHHO BCJIHKH. 

Mrak, CHrHaJIbHOe cooOuleHve O COG6BITHH Bcerma GenHee, 
UCM CaMO cOoObITHe. CHIrHadl ONHChIBAeT TOJIbKO HeKOTODPBIe 
CTOPOHbI COObITHA, CYHI€CTBEHHbI€ Win KUYOepHeTUYeCKOl 
cucTeMbIl. [I]pu BO3HHKHOBCHHH CHrHala IpOHCXOAHT NpHMepHo 
TO Ke, UTO CTYYAeTCA C TOMICTBIM POMAIIOM, KOrma ero H3.1a- 
ratoT Ha HHOCTPaHHOM SAB3bIKe In MerKOrO UTeHHA. 


7luckperubie wv HenpepbiBHble CHrHaJbI 


Co6bithe HeIH OJHa H3 ero CTODOH, ONHCbIBAeMaA CHIHa-IOM, 
MOMKCT HM€Tb XApaKTCp AH6O HeMPepbIBHO H3MeNAIOWULCHCA Be- 
SHYHHDI, HOO COCTOATh H3 Pe3KO pa3-IHYAIOUlMXcsA cTyneHell 
HAH rpawawHi, 1. ©, HM€Tb AHCKPeTHbIH Xapaktep. Uncwro no- 
CETHTC.ICH BbICTaBK]H MOKeT ObITb TOJIbKO Le-IbIM YHCIOM. Ko- 
JHYeCTBO XKHAKOCTH MOKET NPHHUMAaTb JOObIe, He TObKO 
UeOUHCJIeHHbIe 3iayeHHs. Pa3Muyve B XapakTepe COOBITHI 
oTpamkaeTcd H Ha CTPykType curdaoB. CurHaJibl MOFyYT ObITb 
NHCKPeCTHBIMH HJIH HeMIpepbIBHBIMH. B nepBomM cJlygae OHH 
COCTOAT H3 OTACJIbHBIX, Pe3KO Pda3JHUYHbIX CHMBO.IOB, BO BTO- 
pOM — JBa CHrHaJla MOryT OT.1M4aTbCA Bpyr OT Apyra CKONb 
\VrOHO Mado. Peub, 3amiicaHHan B BHIe TeKCTA, We ULICLIO, 
3aNMHCaHHOC LHDpPaMU, MpewcTaBAAloT COOOH MpHMepbl AHCk- 
peTHoro cHrHada. Orcuer mo likale aMNepMeTpa WIW YHC.TO, 
OTMOKEHHOe Ha UKalie CYeTHOH JIHIIGHKH, SBSIAIOTCA CHIrHala- 
MH HelmpepblIBHOH CTPYKTYDPBI. 

JluckpeTHbld CHTHa4.1 MOMKeT G6pITh O6€3 TPyta Bbipakel! 
C MOMONLbIO CHrHadiad HCNPepbIBHOTO, Tak Kak CpeAH BO3MO%K- 
HbIX 3HAYCHUH HeMPePbIBHBbIX BeJHUHH cOmepmarcH HW BCE 
muckpetubre. OOparubili mepexXoq MOKeT O6bITb COBePLICH 
TO.IbKO IIPHOJIHKEHHO, C OKpyrleHHeM JO OJMKaHUIerO WHCK- 
peTHoro 3Ha4eHHsA. Bo Beex peaJIbHbIX CJYYaAX, OLHAKO, MOK- 
HO C JlOCTATOUHOH TOUHOCThIO COMOCTABHTb HenMpepbiBlible H 
LUCKPeTHble CHPHAJDI, CCH HCHOMb3ZOBATb JOCTATOUHOR YHC.TO 
SIMCKPETHBIX CHMBOJIOB. 

HenpepbiBHblii Wpouecc, HaiipHMep TeJleOHHbI pa3roBop, 
MOMeT ObITb NpeACTaBJeH NpH OMpPeReJeHHbIX YCJIOBHAX B BH- 
me HaOopa AHCKPeTHBIX BEIHYHH, OTO yTBepmwKAeHHe BMepBbIe 
6biI0 UcnomD3s0BaHO B. A. KoteJibHukKOBbIM JLIsSt aHaIM3a Te- 
peayH CHTHaJIOB MO KaHaJlaM CBA3H. 
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Myctbh curnal upeacTapaser co6oii neKoTopyio Beumuny Y(t), We- 
Up@PBIBHO MeHSIOWLYIOCA BO BpeMeHH OT MOMeHTg ¢t{=0 no f=T. Ee 
MOKHO NpeACTaBTb B BHAC pa3sOKeHHA B pad Dypbe na nNTepBae 
oT 0 no T 


co 
t t 
Y(t) = Ag+ b} {a, cos 2nk + 5, sin 2nk | , DST, -(2:3) 
k=] 
rae ay, ay, by — koappuunexTy ype, onupemeasempre BbIPaKCHHAMH: 


1 
ay = rr \y {t) dt, 


Oo 


t 
Cp =F \» (¢) cos 2nk a dt, 
0 


T 
2 tes t 
OD, = RF AY (f) sin 2rk ap dt. 
0 


MopMy.ay (2.3) MowkHO Hepemucarb B BHye 


ie) 
t 
V(t) = ey + y) Cp, COS (2k 2 a a) (2.4) 
k=! 
i al aes b 
PAC Cy = Uy, Cpa +6 ’ 0, = arcty Op 
MHOMKECTBO BEHYHH Cy, C4, Cy, Cyr. , Cp, Ha3blBaeTcCA aMIMINTYAHLIM 
cneKTpOM (bynkunn Y(t). Kaxgan 13 BeaHUHH Cp, MpeActapiaer coboit 
k 


aMIMVIHTyAy KOMeOauHH c yYacToTOH ip Cuowenne Kome6anuit qaer 


N€PBOHadaIbHylO NepHomnyeckyio (yuku Y(t) c nepuoxzom T, 

Ec (PyHuKUHA B BuRe Cu3sHuecKOM BeATHUNHbI Mepegaetca yepe3 
PeaJIbHbIH KaHaJl CBA3H, B COCTaBe KOTOpPOrO BCerfa HMEIOTCH pesoHaic- 
HbI€ S€MEHTbI, TO AMMMHTYAbI HEKOTOPBIX COCTABIAIOWNUX KOTleOannit 
H3MeHATCH. KoweOanHA O4eHb BLICOKHX YaCTOT MNOJHOCTBIO NosaBarcs, 
H aMMJIHTYAbl HX OKAKYTCH PaBHbIMH HyJUNO. OOEISHO O6 STOM (aKTe B 
TEXHHKE CBA3H TOBOPAT, KaK OO ,OrpawH¥eHHOH YacTOTHOH movoce mpo- 
nycKaHusa“ KaHala cpasH. Ulnpuna moaocbt nponycKaembix uactot Af 
OmpeAeAAeTCH KaK Pa3HOCTbh ME KMY CaMOH BHICOKOH HM CaMOlt HHSKOE 113 
HpOnycKaeMbIX wacToT. B npocteiiwem cayuae 


Af = lec rae uit: 


MHITI Makc ° 


Ecw fun =9, To Af =f 


Pealbublit Curnam Bcerqa HMeeT OrpaHnueHHbilt cneKTP, T. e. Cozep- 
KUT B CHEKTpe JIMUIb TE YACTOTHI, KOTOPLIe aeKaT B MO1OCe Npony- 
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CKaiia Kanada. TakuM OOpa3oM, CHrHacl c OrpaunueiHbiIM ciieKTpoM Af 
iia OFPauNGeHHOM HHTepBaie BpeMcHH 7 MOACT ObITb TMOMHOCTbIO ONNCAll 
ICPCUNCICHIe€M BeAMUMH BCeX aMMuiTy, Cc, H pas 8, Han WAKE BCeX 
Kosippuunentos a, u b,, rae k=0, 1,2,..., m,a nm KonedHoe Werte YHC.10. 
[lockoabKy caMad HU3Kast YaACTOTa (KPOMC MOCTOHHHOM COCTABATAIONICT 


fy = 0) pabua f, = “FF » a CaMaT BEICOKAs 


fl 
a thi race = po 


TO YNCAO PAYMONNK, HEOOXOMUMOe IX XapakTCpueruki adnoll (pyuk- 
If, PaBHO 
NX aoe on =- 0 


TEMOAKE 


P= OMT. 


rive Af --uupina cuexrpa dyn (910ca ipoOlycKaulin Kalai). 


MoxHO OMUCaTb HENPePbIBHLIH TpOWeCC C MOMOULbIO MUCKPCTHLIX 
BCLIUHH HHaUC, YKa3aB MFHOBCHHbIC 3HaueHHA (PyHKmuH Y(?) B OUpere- 
JACHHBIe MOMCiTbI BpeMedH. MONO NOKa3aTb, YTO AA NOWNOrO ONnpeAc- 
eH PYHKIN DOCTATOUNO 3agaTb CC 3HANCHHA B MOMCHTDI, OPCTOAULUC 





| 
Apyr OT Apyra no BpeMeUH Ha BeANuuHYy = oF. Uliesto TakuX ,,BLI- 


OOpOUNbIX BHANeHIT PaBHO, OUEBNANO, N =~ = OMT. Ec.1n, TakKHM O6- 


pazsOM, 3afaubl MucKpeTHBIe 3Hadenna yaAkuun V(f) c orpaHuyeHtl M 
CHCKTPOM It Ha OFpauNucHHOM HHTepBasle Bpemenn 7: 


A (0); Vi) V2 ad (Re), os oS ICN dre], 


TO 41000 BHayenne PyHkKWNE, B TOM WIcie HW NpOMeaAYTOUHOS, MOWKET 
OWMTL HOAVYCHO TO opsyte 





N--1 ae shtee 
P i as (¢t — ks) 
v(t) = » FY (es) ——_____., (2.5) 
k=) sin N “2 (b=he) 


Ms stom caynae HaGop N= 2AfT auckpetupx Bein y (kt) mod 
HOCTbIO OUNCbIBACT HEMPePbLIBHLL ipotece Y (f). | 


IIpenctaBsicnne HelmpepbIBHOrO CHrHaJla B BHAe ANCKpeT- 
HOrO YacTO Ha3bIBaloT «KBaHTOBaHHeM» cHrHawla. II paxruye- 
CKH 9TO IIPOH3BOMNTCH TaKHM O6pa30M, 4TO Helpepbisuad bu- 
anyeCcKad BeJIHM4HHa 34MCHACTCA KOHCUNbIM MHOMKCCTBOM €e 
3HAYeCHHH («KBaHTOBbIX ypoBHeH>). Pa3siuualoT Apa Cyaan: 
«KBAHTOBaHHe TO YPOBHIO> H «KBaHTOBaHHe MO BPpeMeHH». 
IIpH KBaHTOBaHHH NO YPOBHIO AMCKPeTHBIM CurHadl OCTaeTCA 
HEH3MCHHBIM 0 MOMeHTAa, KOrMa SHayeHHe HelpepbIBHorTo 
CHrHada MOCTHTHET He€KOTOPOH 3aaHHOH BeM4UHHbI; 3TO MO- 
*KeT NpoHsolitn B O60H MOoMeHT BpeMeHH. B cuyuae KBaH- 
TOBAHHA MO BPeMCHH QUKCHPYIOTCA Te BeIHYMHbI HeMpepbiB- 
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HOrO CHIHala, KOTOPbI€ CYULECTBYIOT B 3aJLAHHbIe MPHOBeHHA 
BpeMeHH. IIpH KBaHTOBaHHH NO BPeMeHH MOXHO «OKpyr- 
JIATB> JIHMCKPeTHY!IO BeJIHUHHY oO G6JIuxKaliviero KBaHTOBOrO 
YpoBist. 

Hrak, B OOIbILHHCTBe Cy4aeB MOxKHO Nowoopath MoctTa- 
TOUNHO OH3KOe BbIPaKeHwe HellpepbiBHoro curHana nmocped- 
CTBOM CHIHaJla QHCKpeTHOrO. ITO BepHO B ToOlt Ke cTenenn, 
B KaKOH J060e 4HCJIO, HaNpHMep UppallnoHabHOoe, MO2KeT 
ObITb BbIPAKEHO C MOCTATOUHO MaOH OWMOKO MecaATHYHOT 
ApOOblO C KOHCYHBIM YHCOM paspAoB. 

JlonycTHMble HcKaXKeHHA CHTHANa Np KBaHTOBaHUH oNpe- 
ACNAIOTCA, C OMHOH CTOPOHBI, AONYCTHMOM HeETOUHOCTbIO BO3- 
neucTBHA Ha CHCTeMy ynpaBJeHus, a c Apyrof# cTopoHHt,-— 
Cule OXHHM OYeCHb CePbe3HbIM OOCTOATeEJIbCTBOM — Ha.i4yyeM 
it yM a. UlymMom Has3piBaioTca cayyaiinble Bo3nelicTBHA U HCKa- 
XCCHHA, KOTOPbIe HCMbITHIB2eT CHrHa MPH Mepesaye, BOSHHK- 
HOBeCHHH HJIH XpaHeHHv. B NpuHcyTcTBHH UIyMa TOHKHe pa3- 
JHYHA CHrHAJIOB CTHpPaloTCA H CHIHaMbl CTAaHOBATCA Hepa3- 
JHYNMBIMH. YpPOBeHb LUyMa KlayéT, TAKUM OOpa3om, Mpeje.t 
Pa3JIHYHMOCTH OTJeJIbHbIX CHMBOJIOB CHIHaJa. 

Ilockoubky WIyM Bcerga CONYyTCTByeT CHrHaJly, MOXKHO CKa- 
3aTb, UYTO WHCKPeTHBIN CHrHadl MWpakTMyeckH BCerga MOMKET 
ObITb C€aH PaBHOWeHHbIM 3aMeHHTeeM HelpepbIBHOro. 

O mpupoxe wu XapakTepHcTHKaX WyMa MBI CKaxkeM He- 
CKOJIbKO CJIOB B CJleyIoulel rae. 
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CAYUATL 


Cayyatuble coépiTus 


B rekete Opipalor oneyarKyH. B peu BerpeyaloTcs OreBop- 
KH, HETOUHOCTH, 3€4MHUKH. Ha dotorpaduax, Ha KHHOKapax 
BQMeTHbI JISTUbUUKH, KOTOPbIX He ObLIO Ha OObeKTC CbeEMKH. 
B HayWlHHKax padHONpHCMHHKa, B TeleoHuOol Tpy6Ke c.IbI- 
en wopox. Ha skpaHe TeleBH30pa MeIbKalOT MOCTOPOHHHe 
nowtoch... Bee nepeync.ennoe mpesctaBaser coOolH ucKarke- 
HHe CHrHata CTYYaHHbIMN = BO3CHCTBHAMH—IyYMaMH WH 
NOMeCXaMH. 

[I pH HasloxKeHHH MOMe€XH Ha CHPHadl MbI NOJTyYaeM BMECTO 
HHMOpMauHH O COObITHH HeuTo Takoe, YTO He HMe€eT OTHOIIC- 
Hua K coOpniTHio. VMiidopMaunsa pa3pyuiaetes. Bpiparkastch 
BOJIbHO, NMOM€Xa CCTbh Bpar CHrHada. Ho oOHOBpeMeHHO OHA 
CBA8AHa C CHFHaJIOM H «poycTBOM». HM momexy, HW CHriasl MOK- 
HO pacCMaTPpHBaTb Kak cJlyuaHHblll mpouecc, [lo3HakomMumca 
C NOHATHeEM «CJ1y4aa>. 

Ec.lH MNOrO pa3 NMOBTOPATb Kakoe-JHOO H3aMepeHHe, HaO.110- 
WCHHe, HCMbITAHHe, BCAKHH pa3 MbITaACb TOUHO BOCIIPOH3BecrH 
OHH W Te 2KC VCIOBHSI, TO, BOOOULe TOBOpA, BMECTO TOPO, UTO- 
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Obl HOJY4aTb OAH I TOT 2%Ke pesyabrat, IPH KaKAOM OTCJIL- 
HOM H3M€PpeHHH OyAeT MOyyaTbea pesyabtTat, OTMYHDIL OT 
mpownx, Ha pe3syabTar Kak Moro HCMbITaHHs OKAa3bIBAalOT BO3- 
ACHCTBHE HE TOJbKO TC YCJIOBUA, KOTOPbI€ MBI BOCNPOH3BeJIN, HO 
H Te, KOTOPble MbI BOCIIPOH3BeCTH He B COCTOAHHH. Ouy ae- 
*KaT JH60 BHe Hallero BHAMAHHA, JIOO HaXOMATCA He B HaleH 
BaacTH. Bocmpou3sBoq9 ycaOBua HCMbITaHHA, MBI He MoxKeM 
BEPHYTb BCCb MHP B NepBOHAaYaIbHOe cocToanHe. Bocnp0“33c- 
Je€HHIO NOMLAIOTCA AHUIb HEKOTOPHIe H3 GoHUOTO YMCA MpH- 
YHH, BHAIOWAX HA Pe3yJIbTar. 

Co6biTHe, NOABepxKeHHOe Takomy pa3zOpocy, Mbl Ha3biBaeM 
C1yYuaHHbIM COOnTHeM. Cryualinpii XapakTep ABJeHHA 
HM COObITHS NOpOKAaerTca NPHUYNNAMH, Tex AaULHMU BHe Ha6- 
‘HOHaCMOro COObITHA HTH aBJeHHA. Uaure Bcero HaiHuHe 60.1b- 
IWOTO YHCTa MOCTOPOHHUX MPHYHH MPHBOAHT K TOMY, 4TO 
ABMCHHE NpHoOOperaer Xapaktep c.ryyalinoctu. Tax, npu u3Me- 
PCHHH MaJIbIX TOKOB BeCbM@ UYBCTBHTCIBHDIM TaJlbBaHOMeT- 
POM OTKJOHeHHe JI€PKOH H3MePHTebHOH KaTYUIKH Oyler 3a- 
BHC€Th I€ TOJIbKO OT BeJIHYHHbE TOKa, paAW KOTOpOl Hu Mpeg- 
NPHHATO H3MepeHHe, HO H OT OPOYHOBCKOrO ABHKeHHA KAaTYLI- 
KH, KOTOPOe€ BbI3BaHO YapaMH O KaTYIUKy GOJbWIOrO 4MCwAa 
MOJICKYJI OKpyxXKatolero ra3a, 

Miorqa sBjlenve nmpuo6petaeT cayuyaiinpili xapaktTep oT 
TOPO, UTO Pe3YAbTAaT CH.IbHO 3a4BMCHT OT Hau¥aJIbHbIX yCJOBHH, 
H MOCTATOUHO JIMUIb O4eHb HeMHOPO, C.lyualnbiM o6pa3om, 
H3MeCHHTb 3TH YCJIOBHA, YTOOL] pe3yIbTaT MpHo6pest Govbul0;1 
pasOpoc. Oro uMeeT MeCTO IPH 3amycKaHHM pyJerkH HIN Opi 
OpocaHHu HrpadbHol KoctH. Bpocanve Kocru, MONeTH, cava 
It paJIbHbIX KapT H3 TWepeTacOBaHHO! KOIObI, NYCK PycleTKH —~ 
THOHYHBIE C.TyuaHHble = COOBITHS, KOTOPbIe HCMOJb3yIOTCH 
B urpax. 

Ecu cilyyaliHoe co6blrHe MpescTaBaser co6oit NomBacHHe 
OAHOH H3 H@CKOJIDKHX BO3MOMKHDIX BeJIMYMH (BLINaMeHHe uNC- 
Ja OUKOB HIPaNbHOH KOCTH, NafeHhHe CHapsya Ha HeKOTOpOMW 
PacCTOAHHH OT UGH), TO TOBOPAT O CAlYYaAHHOH BeJH- 
YHHE HIM O BeIHUHHe, MPHHHMAIOIMNeH CIyYuUaAlHble 31 a- 
YeHH A. 

VYimesx feo co C.lyualHbIMH COObITHAMH HIM BeETMUNHAMH, 
NHKOra Heb3H ObITb YBeEPCHHbIM B IOJYYeHHH Ompenescu- 
Horo pe3y.IbTaTa B JaHHOM HCNbITAHHH. OsHaKo B CepHu OU- 
HaKOBbIX OMDITOB BBIABIAIOTCA cnelmMduyeckue 3aKOHOMep- 
HOCTH, H, CJI@QOBaTeIbHO, CJIyUalNble ABJICHHA He MpesAcTaBs- 
IOT CO6OH NoHOoro cyM6ypa wu Xao0ca, O KOTOPOM H€BO3MOXKHO 
CKka3aTb UTO-IHO6O0 yOelHTeIbHO uM focToBepHo. Kaxkjomy 
CTIVGUAHHOMY ABTCHHIO MOAHO TIPHMHCATh ONpeercHHbIe WHC- 
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NOBbIC XAPAKTEPHCTHKH, KOTOPble MO3BO.IMIOT OTHYaTb C.TY- 
UaHbIe ABJCHIA Apyr oT Apyra, MpeACKa3blBaTb XapaKkTepli- 
CTHKH CJIOMHBIX COOBITHH MO XapaKTepHCTHKaM MPOCTbIX H 
PpeliaTh GObIUVE KOJHYECTBO 3afaY, NOJC3HDIX MIA NPakTHKH, 
H3yuenveM 3aKOHOMepHoctTelt clyyaiHbIxX COObITHH 3aHHMAa- 
IOTCA TCOPHA BePOATHOCTeHl H MaTeMaTHYeCKaH CTATHCTHKa -— 
pasqelbl MATeMATHKH, TeCHO CBA3AHHbIe C eCTCCTBOSHAHHCM. 

TeopHa BeponTHoctell dopmMyupyeT 3aKOHbI MaCCOBbIX 
SIBICHHI, ITH 3AKOHbI TEM GoOee TOUHLI, UCM K OOJIbUIEMYy UHC- 
jy OMHOPOAHBIX ABJACHHH OHH OTHOCATCA. O clydaHHbix Be- 
SIMYHHAX, B3ATBIX B OOJIBUIOM YHC1C, BOBSMOMKHO TOUHOC 3HAHHe 
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Puc. 3.1. TIpumep cayuainolt Beanuniibl — qaqbHocth D ToUKN Waris 
apTHJMepnHeKoroO cHapsAga. 


Tak, 3aKouNpI rasoBoro cocTosHia (ilampHMep, 3sakon bofiin ~~ 
MapuHotta) siBAAIOTCH 3AKOHAMH CTATHCTHYOCKHMH HB TO 
Ke BPCMA TOUHBIMH, CCH PeUb HACT O MOCTATONHO 60-1bLIHX 
gucdax Movleky. Ecau xe NepeXOHTb KO BCe Ooee MaJbIM 
o6ObeMaM, COfepxKallHuM Bce GOovlee Mable UNCNa MOTEKY«1, 
TO B KOHUe KONUOB 3aKOH boliaa—Mapnotta JVia MPHOBCHHDIX 
snaucHHit LaBeHua raga NepecTaneT BbINOJHATBCA. C MaHO- 
METPOM, NO3BOJIAIOUIMM H3MePHTb WaBJeHHe, NPOH3BOAMMOE 
ra30M Ha MW4ouLamKy OYeHb MawJIbIX Pa3MePoB, NpOHsol Lert 
MpHMepHO TO Ke, YTO H C Ta/IbBaHOMETPOM: OH GyileT HCMbI- 
THBATb CyualiHble BO3AeCHCTBHA HeEOOJIbUINX Ppynm MOMeKYy/1— 
(bIIOKTY AIH aBeHHA, KOTOPble OYAYT BLIPAKCHb! TEM CHeIb- 
Hee, UeM MeHbLIe OYLYT pasMepbl YYBCTBUTebHOrTO DTEMCHTa 
MaHOMETDa. 

Curnaa Bcergda HCIIBTbIBAeT 6O7ce WH MeHee CHIBHDIC 
enyualiibie HCKAKeHHA, BbISbIBaeMble MOMCXaMH If IWyMaMil. 
Uckakennbit MomMexoli CHa.) 114 TIpHweMHOM KOHILe Kallada 
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CBASH NepecTaveT ObITb OAMO3HAYHO CBA3AHHbIM C nepeaHHbiM 
CHPUAaJIOM HC COObITHEM, O KOTOPOM OH HeCer HHPOpMalluto. ITo 
ABIACTCA ONHOH H3 NPH4MH Toro, TO Teopusa HHOpMalluni 
CTPOHTCA, B OCHOBHOM, Ha 6a3e CTaTHCTHKH H TeopHu BeposT- 
HocteH, Bropan mpHunna 3akmo0uaeTca B TOM, YTO AIA CHCTe- 
MBI, BOCNPHHHMAIIMeH CHTHaJ, MOABJeHHeE Toro HI Apyroro 
CHIHaTa ABJIACTCA TaKKE CAYYaHHbIM. K nmocaeqHemy YTBeEpx- 
K€HHIO MbI BepHemca Bru. 4. 


BeposttHocTb 


OcHOBIBIM NOHATHeM TeopHH BCPpOATHOCTeH ABJISETCA MO- 
HATH BEPOATHOCTH CAyuahvHoro coOnTH a. IIpu 
PeCaIH3aUHH HeEKOTOPBIX YCJIOBHH cayualiitioe co6biTHe MOXKeT 
HOO TpousolitH, WH60 He mpousolirn. Tak, HampHMep, ec 
MbI, C HEKOTOPOH SKCNO3HILHeH T, Clelaem cdororpaduyeckuhi 
CHHMOK OObeMa KaMepbl Buibcoua*, To, MpoABUB IWaCTHHKY, 
Mbl JM60 O6HapyKUM thoTorpadulo cena MOHH3HPpyloulen 
WaCTHILbI, MpOJeTeBWieH Yepes OObeM KaMepB (CO6BITHE HacTy- 
UHO), AH6O He O6HapyxuM ee (cO6bITHE He HaCTYIIHJo). 

IJosropaa onbIT MHOro pa3 B OMHAKOBBIX YCJIOBHAX, Mbl 
OyqeM Nonyyatbh cayyalinple pesyabratol. Tlomcuntaem, Kakasi 
1aCTb ONBITOB Aaa Ham otTorpadun cuieqos. Jaa storo pa3e- 
MM UMCO NOMYYeHHEIX MoTorpaduh ceqoB Ha O6ulee 4UNC.TO 
HCTPaveHHbIX IJIACTHHOK, T. @. BO3bM@€M OTHOLIeHHe HCA 
NacTyMIeHHH COObITHA nm K NOHOMY 4HCTy UcnEITaHnit N. To- 


nh t* 
JTYYCHHOe OTHOUWEHHE N Ha3bIBaAercH YTacCTOTOH NoABJe- 


HHA COObITHA. 

Ha6uoqad MHOrOKpaTHble MOBTOpHbIe oNbITE (HAH CCpHH 
ONBITOB, IPOBOAHMble B OOJIbINIOM YHCAe OHOBPeMCHHO), HHa- 
qé TOBOPs, HaOoqad MACCOB ble ABACHHA, HeEPeAKO MpUuxo- 
AHTCA OTM€UATb, YTO YaCTOTA HACTYMMeHIA COOBITHA OT OAHOII 
C€pHH ONbITOB K APyroH ocTaercH NpHOAM3HTeAbHO NocTOAH- 
HOH, Ma@JIO OTJIMYaACb OT HeKOTOPOrO cpexHero 3HaueHHS. 
OTKJOHCHHA OT CPeMHETO OKAa3bIBaIOTCA OGBIUHO TeM MeHbILEC, 
UCM OOJIbIUe YHCIO MCMbITaHHM. OuepuyHo, uTo AAA TaKUX 
ABJCHHH OObEKTHBHO CYLMECTBYeT HEKOTOPand CpeqHAa 4AaCTO- 
Ta, KOTOPad MOXeT ObITh Cc OObUIEH HAN MeHbIIeH TOYHOCTHIO 
onpeleeHa B CEPHH OMBbITOB. 


* KamMepa Buabcona mpencraBaner co6of mpu6op 21a Ha6mlogeHKA 
TPa€KTOPHH HONH3SHPYIOWHX YACTHIL (KOCMHYeCKOTO H3JyYeHHA, NPOLYKTOB 
aTOMHOrO pacnawa). B Kamepe co3qaeTca aTMOCiepa nepecwilleHHbIXx 
MaPOB, KOTOPble KOHJCHCHPylOTCA Ha HOHAX, CO3RAHHLIX MpoweTeBureli ua- 

_ CTHUCH BIO1b ee NyTH, Creabl 4acTH Mbl HaOmOaeM B BHge 6eNbIx HH- 
Tel TYMaHa, KOTOpble MoryT ObITb ccboTorpatbuposann. 
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Ila GcHobe 9ToOrU ONLITHOTO (akTa B TeOPHH BeposiPHocrell 
CIPONTCH MaTeMATHYeCKAA MOJE1b ABJICHHA B BAe CHCTCMBI 
akcHoM. B MaTeMaTHKe MHOrve CMCTe€Mbl aKCHOM CTPOATCH 
MOMOOHBIM Ke OOpa3o0M. Tak aKCHOMbI reoMeTpHH OBKJIN La 
SIBJIMIOTCA He YM HHbIM, KAK MATe€MaTH4YeCKOl MOZeNbIO pe- 
AcIbNbIX TCOMETPHYCCKHX TIOCTPOCHHH, MOfesIbO, KOTOpad LUeH- 
Ha TOMbKO 0 TCX NOP, MOKA OHA COOTBETCTBYeT MpakTHKe. 

Vrak, TeOpusa BCPOATHOCTCH MPHHAMaeT B KayeCTBe AaKCHO- 
MbI, YTO KaxKLOMY clytalinomy co6pirnio A MoxeT ObITb M0- 
CraBleHO B COOTBCTCTBHe HeoTpulate1bHoe uncIo P(A), Ha- 


A 

N 

10 fers Est use hate te ay ; 
09 

08 Phe. 3.2. Uacrota sBpimagqcHnn 
O7 rep6a B MNocwdeAOBATebHOCTH 
} “ fr 

06 CAyuaHHblX OpocaHHH MOHEeTHI. 
: n/N —oTnoweHHe 4HC4a_ BbINaneHHii 
B5 rep6a nm K o6ulemy WHCay Gpocannh N. 
Ok Likana N no ocn aOcuuce oTaoxkKena 
y Rk qorapk@MHYeCKOM MaculTabe. Bepo* 
Q3 ATHOCTb BbIMNaLeHHA repOa Np OAHOM 

GpocanuH panna GF, 

02 

Gi es are nee Meee eee oe eae 
Q 


/ 2 § 0 2 350 10 we 


3plIBaeMoe ero BeporTHocTbIO. Ip O0.1bUIOM UMC HCMbITaHHH 
uacToTa HacTynleHHsa coOnitHa A cTpeMuTCH Mo BeAHUHHE 
Kk BepostnoctH P(A). 

Ecan nekotopoe co6pitne U nacrynaer B 3a2aHHBbIX yCv0- 
RHSAX BCerla, TO ero YaCTOTA, a CIEOBATEbHO, H BEPOATHOCTh 
pabnbl eaumuite, P(U} =1. Takoe coopitie U wagblpaetcad JL 0 C- 
rTaBepubiM co6bitHem. Ecau co6Opirve V nukorja He Hacty- 
maeT B 3a,alHbIX yCclOBHAX, TO ero YacTOTa HW ero BepoOxAT- 
HocTh pabubt nyo, P(V) = 0. Co6pitae V naspiBpaetea HC 
BO3MOXHbBIM COObITHEM, 

UYactora Hacrylaennsa wv BepOATHOCTh Ao0Ooro clyuanHoro 
COObITHA ICKAT MeHULY HyIeM H equHuuell, O < P(A) <1. 

B npumepe c HaO0eHHeM C.1e10B YaCTHIL B KaMepe BuJlb- 
CoHa JOCTOBEPHbIM cCOObITHeM OyleT NMOABJeHHE Ha cbotorpa- 
(bun H306paxkeHHA KOOPAMNATHO! CeTKH, HAHECCHHOH Ha CTCK- 
No KaMepbl, H M306paxKenna CaMOH KaMEDPbI (Mb! C4UHTaeM, 
UTO B KAXK OM OMbite (oToalmapaT NcnpaBeH, MNlacTHNK no6- 
POKAYCCTBCIMIBE HW OCBEULCHHe nocratouHo). Heno3MoxHDIM 
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COObITHEM ABHAOCD Obl HeHONBAeHTE H300paxKenHy KaMepbi. 
BepoaTHOcTh MOABJEHHS Cea YaCTHUBE MpI IIPHOH3HTeIbHO 
ONPeHeTHM, CAeaB MHOrO CHHMKOB H MOACHHTaB YacTOTY 
MOABJICHHA H300pPaxKeHHA Cea Ha CHUMKe. IIpu 3Tom MbI 
lipeANOaraeM, 4YTO HCTOUHHK YacTHLL OCTaeTCA MOCTOAHHBIM 
H HaXOMMTCA Ha HEH3MCHHOM PaCCTOAHHH OT KaMepHI. 

Teopua BeposTHocteli meaer BO3SMOXKHDIM, 3Haf BeposT- 
HOCTH MPOCTBIX HIM SJICM€HTAPHBIX CYYaHHEIX COObITHH, onpe- 
ACHAT BEPOATHOCTh CJIOMKHBIX CO6HITHH. Utro rakoe caoxHOe 
co6bITHe? | 

ITyctb, HanpuMep, MbI HMCeM He OHO, a BBa YCTPOHCTBa, 
(PHKCHPYIOUAX MpoOwleT HOHH3HPYIOULMX actu. Dro MOryT 
ObITb He KamMeppl Bunbcoua, a cyeTaHKy Petrepa—Muoasepa, 
KOTOPHI€ Mawr IpW MpO/eTe uacTHIbl Yepe3 HX OODEMBI HM- 
NYJIbe TOKa, (HKCHPyemMbill AaBTOMaTHYeCKHM perucTpatTopom. 
[la30Bem co6nituem A, cpa6aTbIBanHe mepBoro, a CoObLTHeM 
Ay-—cpa6atTbiBaline BToporo cueTuHKa B TeYeHHe BPeMeHH T. 
PacnOJlOKUM CUYCTUHKH Tak, 4YTOODI OMHa H Ta #xe yacTHLa 
He MOPda MNOCeLOBaTeIbHO MpoteTeTb O6a cueruHKa. Kpome 
TOPO, BBCACM H€CKOMbBKO HCKYCCTBEHHOe NpeAMosoKenne, To 
OAHOBPCMCHHBIH BbIICT ABYX YaCTHY He CyUaeTCA. H 3a KOpOT- 
KOe BPeMHA HaOTIOAeHHA T IBE Pa3THUNDIe yYacTHUB! HabwI0- 
TatTbCH He MoryT. TakHM O6pa3om, Bcerga Melo uzeT o pern- 
CTPalul OANOH YACTHILb! NepBprm A, HAR BroppiM Ay cueTUH- 
KOM. 

SalaqHM TeNePh BOMpoc: KakoOBa BepOATHOCTD TOrO, HTO 
B TeNCHHE BPCMeCHH Ha6MOAeuuA t Cpaboraer TO060li H3 BBYX 
cyeTUHKOB? HHaye roBopsx, KakKOBa BepOsATHOCTh caOxKROrO 
COOBITHH, COCTOIILerO B MpoleTe “acTHUb! Yepe3 Ne PBL HTH 
BTOPOH CueTUHK? 

Jipa co6Obitua A, uw Ay TakHe, YTO NOABeEHHe OfHOTO H3 
NWHX HCKJIOUACT BOZMOMKHOCTL NOABJICHHA APyroro, Ha3bIBalor- 
CH WCCOBMECCTHMBIMH. B HallemM cilyyae HECOBMeCTHMBI- 
MH SIBUAIOTCH MpOeThl YaCTHUbI Yepes o6a CYeTUNKAa OMHOBPe- 
MeHHO, Caox%KHoe coObiTHe, cocTosmee B HACTYMIeHHH xOTA 
Obl O2HOTO H3 co6HITHIT A; H Ao, Ha3bIBaeTcA CYMMOTI 
coOpitHi A; u Ay (o603HayaeTca A, +Abp). 

BepoaTHocth CYMMbI H€COBMeCTHMBIX COOBITHI PaBHa CYM- 
MC BePOATHOCTeH Kak Oro 


P == (A, + Ag) = P (A,) + P (A,) (3.1) 
(AKCHOMa CJIOKeHHA BepoaTuocteil) 


ITO COOTHOWEHHE NOHATHO 6¢e3 NOACHEHHH, eC.In BecTo 
BeposTHOCTeH AOTABNTH YAcTOTH coOBBITHTI. 
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Co6pirne, cocrosiiee B Henacryliecninn coé6pirus A (0603- 
Hagaetes A), HagpiBaercd LOT OAM TC.TbHEEM K COOBITHIO 
A wu, ouepuio, #BIKeTCHR C HHM HecoBMecruMbim, TlocKoulbky 
B KAKOM UcubiTamn co6birHe A in6o Hacrynaery, THOO 11C 
HacTylact, T. €. HacTyMaetT COObITHC A, ro na ocnopannn (3.1) 
OVleM IIMCTb 

P.(A ++ A) ==: P (A) +P (A) == | (3.2) 
KaK BepoMtlocth ocToBepHoro cobntTHA. Orcioja, Bepost- 
HOCTh “‘LOMOSHINT@IbNOrO COObITHA (HeMOABIeHHA cCaeya Ha 
(pororpa@uHH) pana 


P(A)== 1 — P (A). (e3) 


Bo chereMy akcHOM TeOPHu BePOHPHOETEH BAOMAT CAC LY OIE: 

Akenomal. Kaxaouy cayyaiiiomy coéntmo A joctasrcHo B 
coorBererBne leotpiiaredb toe uncaoO P(A), asbiBAeMoe ero BEposT- 
HOCTHIO. 

Axenoma 2 BeposrHoctbh AOcToBepiloro COOLITHA PaBira CAMNIILe 


POs. 


Axenoma 8 (akcnoma caomcuna) Loan coontHa ly 
Holy HCCOBMECTHMEL, TO 


P (dy Ay) = PAD +P (lg). 


llycrh Telepb WBa CueTUHKa HaXOAATCA a OOMLIWOM pac- 
CTONNHH pyr OY Apyra H Kak IbUL MHUKCHpPycT Mposwer wacTHy 
Or oTAebHoro HeTOUHHKa. T]poder uactHite! Yepes CyeTUHKI! 
No J. un 2 2B TeUCHHe HUTepBala BPpeMeHH T CHOBa HMeeT Ie- 
Koropnie BepostHoctH P(A1) u P(A). Ha stor pas mpowrer 
YACTHILDE YeNCS NEPBHIT CHeETHHK He HCKTNOdaeT BO3MOARKHOCTH 
OAHOBPCMCHHCTO Wpowera ApyroH YacTHUdl Wepes BTOpOU 
cueTyHkK u Haobopor. Bosee Toro, poder YacTHUb! Yepe3 OANA 
43 CUCTHHKOB HC H3M@HHeCT BePOATHOCTH Wpodeta EPCs 
sipyrou. 

Equa nacryleienue HIM HelacTymienHe OAHOPO H3 COObITHII 
HC MCHACT BEPOSITHOCTH Apyroro, TO TakHe COODITHA Ha3blBa- 
jorch HES ABHCHMBIMH. CaoxHoe coObirue, cocTominee 
BOANOBPeMCHUOM HacryiJenun coGbITHIl A, uw Ag, a- 
gbiBaetca TIPOUsBeMeNHeM cobnITHi A; nH Ay (o603Hada- 
eres A,A2). Bepoarnocth Npon3sBeqeHuaA He3aBHCHMBIX co6bl- 
THIEL PaBHa IPOH3BCeHHIO BepOATHOCTeH KaxKA0ro M3 HHX. 


P(A,A,) == P (A,) P (A,). (3.4) 
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OTHM COOTHOMCHICM ompenearseres BEPONTHOCTD OMOBPeMel- 
Horo Mpoela YacTHu B TeyeNHe tT CeKYHX yepe3 nNepBblli u 
BTOPOH CUCTUHKH. 


Moxuo o606u,uTb aT PC3YAbTaTbi Ha 000 HCO X1eMeLTApHbIX 
coObITHH, Ecan co6pitua Ay, Ao,..., A, MomapHO HeCOBMeCTIIMDI, T. e. 
HUKAKHE MBa H3 HHX He MOPyT NOABHTbCH OAHOBPeMCHHO, To 


P (Att Ag... + Ag) = P (Aq) + P (Ag) +... + P (Ay). (3.5) 


Ean co6blTHa Ay, Ao,.., A, H€3aBNCHMb, T, @. HacTyNwenne nal ue- 


HACTYILT€HNE MOOOH CHCTEMLI STHX CO6HITH He MeHAer Be POATHOCTeH 
HAaCTYILIGHUA OCTaJbHbIX, TO 


P(N Ags Ayes P(A) P(A) ing: (3.6) 


B 3amauax Teopuu Bepostuocreil NPHXOAUTCH HMeTb je.10 © CHCTe- 
MaMH COODITHI, KOTOpble HacTymaloT HAH He HaCTYNaloT IPH peaansamnn 
OUPeACMCHHbIX YCAOBHH. OOLIMHO NpHHUMaloTed caemyloutiie ALOU Y ULC HII SI 
OTHOCHTEJ BHO CHCTEMbI COODITHH: 


a) CCH CHCTe@Ma comepxKuT co6uTunt A nt B, To OHa comepxKuUT 
Takae H coObitua AB, A+ B, 4 — B; 

6) clcTeMa cofepaur MOCTOBCDHOC H HEBOSMOKHOe COOHITHG. 

CucteMa cOOLITHH, YAOBACTBOPAIONAN = aTHM AOUVULCHHSIM, = Hagbt- 
BaeTest HOACM COON TI Mh. 


Mbt Bee BpeCMA Ho-W30BacINCL B KayecTBe NpuMepa C.ly- 
YaHHOrO COO6LITHA TIpo.1erom HOHH3HPYlOWleH WaCTHUB Yepe3s 
Ba taunt OObeM, Te Ke paccyKTCHUH H 3aKIOUeHHS cmpa- 
BCATHBBE H Wis ADYPHX CJlYYaHHbIX COObITHH: Zan 6pocaHna 
H’pacIbHOM KOCTH HAH MOHETHI, BbITaCKHBaHHs KapTbl H3 KO.10- 
Abl HJM TupawKa JoTepev, NOMBIeHHA 6pakoBaHHoro uses 
B MNPOAYKUHH 3a4B0a HAM NOABCHHS WeCHHOTO BellecTBa B OO- 
pase NOposbl UT. 2. 

Bepilemcst cuoBa K nogcuery HOHU3HPYIOIWHX YACTHLU, UuTO- 
Obl BBCCTH elle OHO MONATHe—ycuIOBHY10 BeposTHocTb. bynem 
C MOMOUIbIO CHCTHHKOB HCCCNOBATh OOPa3ilbl MMHepavoB, Co- 
AepKauux Pa WOakKTHBuoe BeutecTBo. Ilycrb B Haulem pacno- 
PAKCHHH HMCIOTCA OAHMAKOBbIC OOPa3lbl WBYX COpToB c pa3- 
IHMHBIM COM€pKAHHeM PaHOaKTHBHOFO BelecTBa, MpnyueM 
MbI He 3a@M, KaKWe€ HMCHHO H3 OOpasoB upHHaswiexKar mep- 
BOMY WH KaKH€-—BTOpOMy copTy. EcM Mbl Hayrag 6epem ony 
H3 OO6pa3lloB, TO CyulecTByeT BeposTHocTh P(B,), uTo OH OKa- 
*KCTCH MEPBOrO CopTa (C HH3KOl PaqMOaKTMBHOCTbIO), H BeDO- 
stHocTb P(B,)—stoporo (c BEICOKOli paWOakTHBHOCrbIO). Be- 
POATHOCTh 3aPHKCHPOBaTb poser yactuun P(A) 3aBucur oT 
TOrO, K KaKOMY COPTy IIPHHaWexKHT B3ATHI Hamu Hayrad 
oOpa3el, KOTOpBIIt NojwBpepraetca HNeceqoBaHuuiw. Muaye ro- 
ROPA, Mbl HaOJloMaemM cayualinoe co6bitue A—npower yacra- 
IkbI-—TIPH YC.TOBHH, 4YTO HACTYNHAO0 Apyroe calyyaitHoe cobpI- 
4* a 
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rie HB--ciyuaio BLIOPaH COpaseit UepBoro (iH Broporo) 
copta, Beposiiioclb Takoro COObDITHA Ha3sblBaeTcA YC TOBAOT 
LeposTHocTbhio H GOosnayaetca P(A] B). 

Beposiruoctb ¢lOXKHOPO COGBITHA, COCTOAILCrO B COBMECT- 
HOM NosBlenWt co6pTHi A u By, — Bpldop obpa3ila mepBoro 
copra Il Npoer YacTHilbl 3a BpeMs# T,-— Oy/leT paBHa MpOHu3Be- 
SICHHIO BeEPOSITHOCTH MepBoro COObITHA Ha YCuIOBHYIO BeposNT- 
HOCTb BTOPOTO TPH Yc-lOBHH, UTO MepBoe COOHITHE HaCTYMIH.-10 


P(AB,) == P (B,) P(A! B)). (3.7) 


YCIOBUAS BEPONTIOCTh, TAK Ke KAK WH O3yculOBHaN, HMeeT 
BCHUHY, ICHKAaHLyIO B Upesetax or Hy.tsr Mo emi Lbs 
HEC OCTAIOTCH CHPABCLIHBLIMH HPaBila CTOAKCHHA H YMNO- 
“CHA BepoATHoctTeli, O KOTOPbIX MbI POBOPHAH BbIEe. OTO 
CCTCCTBEHNO, Tak Kak, B CYULHOCTH, JuO6ylo Oe3ycJIOBHY!0 
BCPOSPHOSTh MOWKiO PacCMaATPUuBaTb Kak YCJIOBHYytO, HOO olla 
CYINMCCTBYCT TOAIDKO IPH yCTOBHH’ OCYLLECTB.ICHHA OMpede.teH- 
Holl OGCTAHOBKH, B KOTOPO! iaGomaeTca Mannoe cayyannoer 
co6Onrie, TPonops of yecsOBNOH BepoaATHOCTH, MbI MogepKH- 
RacM TOY MaKT, WTO K OAHGK ADE OFOBOPeCHHbIM YC-cIOBHSM He- 
HDITGHHS Mbl JLOGaBIACM HCKOTOPHIC AOUOAHHTCADHbIe YCcTOBHS 
(BHIOop OUpCeTenioro copTa OOpa3ila B HauWeM MpHMepe), 
KOTOPHIC OCVHLCCTBeDHOTCH HC IPH BCAKOM HCNbITANHH, SABI 
lOTCH CTYVAHDIM COOLITHeEM H HMCIOr ONPeTecIeHHylO BeposT- 
HOCTD, 

Bepostiocrh COBMe€CTHOrO HaCTYMenHaA ABYX  CO6bI- 
THH--BLIGOpP OOPasila uepBoro copTa H MOABTCHHe CT¢ta la 
(POTOCHHMKe HH CpaGarbiBanve CYeTYHKA B 3aaHHOM HITCp- 


BAC BPCMCHH --- MOXKHO 3aTllicaTb HHave, YCM MBI 3TO CACTI 
B (3. 7), a UMeHHO: 
P (AB,) = P (A) P(B, | A). (3.8) 


31eeb P (BJA) eeth ye-loplast BepOATHOCTb TOPO, UTO MDI 
BbIOpaan oGpasen MepBoro copTa MIpH Yyc.TOBHH, YTO NOC.Te 
ONbITa Mbl OOHAPYKHAH Ha Potorpadun c.1es, YacTHIUBI. 

B3ap oOpasel Hayrajl, MBI le 3NaeM, K KaKOMy HMe€HHO 
COPTY OH NpHvasMexKUT, H MOMKCM NO STOMY NOBOAY AedaTh 
JMUIb TpeAosOXRKCHUA UA BbICKASbIBATH runoTespl. TTposelA 
PAX SKCHeCPHMECHTOB H NOJYYHB HX Pe3yJIbTAaTHl (o6HapyKUB 
Ce Jbl UACTHIL), Mbl MOAKCM HA OCHOBAHHU 3TUX Pe3SYJIbTATOB 
ClelaTb 3aKNOUCHHE O BEPOATHOCTH TOTO, YTO Hallla TANOTEe3a 
cCnpaBeWIHBa. | 

Bonpoc o cTaTHcTHYeCKOH MpoBepke THNOTe3 ABAACTCH 00- 
LINPHbIM IH BAAUBIM Pa3te-TOM TCOPHT BeposTHOcTell, 
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B npaktuke, pa3yMeerca, 3anaug HECPaBHeHHO CJIOMKHeEE, 
N€M B HauleM lpHMepe. Bonpoc o mpopepKe runores oco6eHHo 
BaeKeCH B TeXHHKe Tepeqaun curHasla B Momexax. Curuad, m0- 
C@HHbIH MepeaTuHKOM, OKasbipaetTca Ha MPWE€MHOM KOHIIe HC- 
KaXKCHHBIM MOMexoH. [IIpHHaB HCKaxKeHHBIY CHTHAJ, Mbl MOxKeM 
ONPEReAHTb YCOBHbI€e BEPOATHOCTH Mepelauw Toro ua YHOrO 
CHPHala HW Ha OCHOBAHHH STHX \CJIOBHbIX BePOATHOCTeli BbIHECTH 
CyYKeHHe O06 HCTHHHOM coo6ulenuy, KOTOpoe OblIO Nocmano. 


Ecam yclopuaa BeposTinocth P(BIA) pasua Ge3ycnosnoli 
BepostuoctH P(B), to co6piria A uv B apuasiorea e3apcu- 
MbIMH. Ecan P(B) ue pasna P(B] A), to co6nitua Au B oxa- 
SDIBAIOTCH CTATHCTHYCCKH CBASAHHBIMH, M22Kly HHMH CyULecT- 
ByeT KOpPpedaAWUHA, Hacrynmennve ofnoro u3 HHX MeHaeT 
BCPOATHOCTh Apyroro. B mpenete HacTynenne onnoro CcObLI- 
THA MeNaeT HacryileHwe Apyroro MOCTOBepHBIM HIM HeBOS- 
MOMXKHBIM. B 9TOM culydae Mb HMeeM O6bINHYIO PyikKUHOHAaIb- 
HYtO CBA3b JLBYX COOBITHH. 


Pacnpegenenne Bepostnoctel. Matematuueckoe OKHTaHHe 
H WHcnhepcus 


Ecim CayuanHHbim COObITHeM sBuseTca BbIOOp onpesesen- 
HOrO 4HCa HIM BEIM4YMHBI H3 HeEKOTOPOrO MHOKEeCTBa HCA 
HJM BeJIHYHH, TO MbI HMe€eM Jello cocayyahuno perauun- 
HOW. Unceno naccaKkupos TpamBas, aco 3 a(PHKCHPOBAHHDbIX 
HOHHSMPYIOIWHX YACTHIL, OWMOKA U3SMePeHUA, OTKIONeHHE pa3- 
Mepa oOOpa6oTaHHol AeTaH OT 3aqaHHOoro, Bec MouaTKa Ky- 
KYPY3bI, YHCIO BbIMIpbULeH, BbINaBLIMX Ha Balu JIoTepefiHpte 
OWeThI, WACO KO3bIpei, MocTaBlueecg MTpOKy IIpH caue Kapr, 
NHCO POANBIUHXCA Cerowquat B MockBe MaJIbunKOB, BO3pacT 
yMepulero——-Bc€ 3TO CYTb C/lyuaHuble BeEHUHHBI. Oun moryt 
NDNHHMaTb Kak JHCKPCTHble, Tak H H@MpepbIBHble MiuomKecTRa 
SUaueHHH, — 


SaNaBluiuch OAHUM ONpexevleHHBIM 3HaueHHem cayuanHon 
BeJIMUHHBI HTH OOJACTbIO C€ 3HAYCHHH, MBI MOMKCM NOACUNTATh 
BEPOATHOCTb COOBITHA, COCTOAMeTO B TOM, 4TO CJly4aiinasd Be- 
JMYHHA B OYePeCAHOM HCIIbITaHHH IIPHMeT 3TO 3HaueHHe HAI 
OKAKCTCH B 3aNaHHOH OOJacTH 3Hauennit. TIpa maccosprx 
HCHBITAHHAX STA BEPOATHOCTH OyeT PaBHa YacToTe NOABMeHHH 
AaHHOPO 3HAYCHHA ClyuaHHOH BeMUHHbL. Tak MOKHO HaliTH, 
HaNPHMep, BePOATHOCTb TOrO, 4TO BCe BauIH vloTepelinbte 
OWeTbI BbIHrpaloT HAH TO He BBIMTpaer Ha onnH. Mono 
ONP€AeHTb BEPOATHOCTb TOPO, YTO pa3Mep weTasin BbIlizeT 13 
JLONYCKOB, HT. JL 
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OnpesetuB BepOATHOeTS KawAJOrO suayednsd clywalpto; 
BCJHYHHbI, MbE MOXKeM NOCTPOUTH WHarpaMMY 3aBHCHMOCTI 
BCPOATHOCTH OT 3HaNeHHA CaAyualiHoll BeTMYHII. Optio 
CTpOHTCH KpHBan pacnpe LeTcuHA BE POATHUOCTE Ne 
Ha KOTOPO!H MO TOPpH3ONTAAbUOH OCH OTK.TaTbIBaeTCH 3HadeHHe 
BCHMIUNHDE E, &@ TO BEPTHKAIbUOI OCH — BepOATHOCTb TOTO, YTO 
9Ta BeanuHHa & OKAKETCA MeHbIWe HEKOTOPOrO 3a7aHHoro 3Ha- 
gemuda x, P(E<x)=F (x). Ilo Mepe pocta x KDHBas Pactipe- 
ACICHII MOHOTOHHO BO3pacTaeT Of Hy.la RO eHHMObI. Ecvn 
cyyaliiad BeMuHta § MOKET WPHHHMaTb TOMbKO OT/LCIBIBIC 
NHCKPCTHBIC SHAUCHHA (4HCTO BbINTpaBUIHX OH.JeTOB, HalpH- 
MCP, MOACT GLITD TOTBKO Ile-ThIM), TO KpHBas pacnpeleTeHnA 
oxagnipaeres crymenuatoll. Ect oe BCHYHHAa § H3MCHACTCS 
nerpepbiBNO (OTKOHeMMe pasmMepa AeTadH), TO KpBan pac- 
PCAGICHHs OKasbIBAeTeH MaBiuol, C NOMOULbIO KPHBOH pac- 
HPC ICT MOMKIIO OTRCTHTb 1a BOTIpoc, YCMy PaBila BepOAT- 
HOCTh TOTO, HTO GTYYAad BeslYHHa OK aKCTCH Tek ale lt 
; Mpetetax oT %1 (0 2, P(xyp>§ SXy). OTa BeposTHOcTh PaB- 
iit PABSHOCTH OPAHHAT, COOTBCTCTBYIONLIX aOcuNccamM Xy HW X2. 

Muora mosb3yloTcHh KPHBOH MATOTHOCTH BeposarT- 
HOCTH, Wa KOTOPOH OTKLaslbIBAeTCH MPOUNSBOAMAsI (CKO- 
pocth pocra) pacipewewenua BepOATHOCTH MO x. Jina MHcK- 
DCTHBIX BCAMUHH 39TA KPHBaAA HMeeT BHA OTACIDHBIX TOUCK, ATA 
KOTOPbIX AGCIUICChI PaBHbI AMCKPCTITDIM SHAueCHHsIM E, a OpAH- 
Wath -— ux BepostHocram P(&). JQ1a tenpepbiBibix pacipele- 
ACHE KPNBAMT TIOTHOCTI BEPOATHOCTH HelpeppbiBila, il.aa Toro 
UTOODI HO KPHBO! ILIOTHOCTH OMPeCACTHTb BEPOATHOCTS jWorta-ta- 
Inia EB OHUTepBad %y SES Xo, NCOOXOAUMO ONPCACIHTb TNTO0- 
HULtb, 3aKMOUeIIVIO MexkAy KpuBoli H ocbIO aOciHec Ha yua- 
CTKO X,, Xo, T.e@. HiHTerpacl MWAIOTHOCTH  BCpOATHOCTH. Best 
HIOULA Lb TO KPHBO MIOTHOCTH paBtla, OFCBITATO, BepOATHO- 
CTH JlocroBepHoro COObITHA, T.c. CAHINILE. 

B kauccrBe XApakTePHCTHK KpHBOH paciipele (cia BEpOAT- 
HOCTH TOADSYIOTCH BCTHUHHAMH MaTCMaTHYCCKOrO OAH -TaHUA 
“4 sucnepcuu. MaTemMaTHyecKoOe OMUAANHE CAyuan” 
Holt pem4nunt foOosnauaerca M(§)] TpedctaBnct conol 
CYMMY ITpOHsBeACHHit s1aucHHll cTyyaloll BC.THUNHbE Ha Co- 
OTBCTCTBYIOULHe BePOATHOCTH 


M (8) ==8,P (2) + 8:P ) + BaP Ge) +B, PE) 
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os y) EP), (3.9) 
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B cayyae HenpeppiBHoi BewmunHpl € cymMMa 3aMeHseTca Ht- 
TOPPasioM 
OO 


M()= | Ep (2) di, (3.10) 


-- 00 





rile P(g) — WAOTHOCTb BepOsiTHOCTH, 


Hucnepcenek [o6o3Hauaerca D(E)] na3pipaetcs Matema- 
THYCCKOE OMHLAUHE KBAApPAaTa OTKJOHCHHA CJryualHol BeJH- 
uuHbt & or M (é) 








ft 
D (2) = ME— M@®P= y [E, — M(E)EP &), 

i=! 
rie P (3) —~ BepoATHOCTD HoABaenis c. ALia HenpeppiBiinix Be- 
UGH 

D(@)= \ [E-—M(®)2 p (2) di, 
--- OO 

Mle P(s}—- WIOTHOCTh BepoxATHOCTI, 


Yem OombWwe jucKepcnaA, TeM Yate B CpesWWeM BCTPeYaloT- 
Cl OOJIbIIHe OTKIOHCHHA OT cpeqHero 2Hauenua. Beanunua 
JWICHCPCHH OWHOOK H3MepeHHA Xapakrepu3yer KayecTBO H3Me- 
PeHHA, C TOUKH 3pelHa TounoctTH. Hem  «eubiie jienepens, 
TEM TOUHCe H3MepeHHe, 


[ipibeAeM HEKOTOPHIe THNHYHDIC SakONLI pactipesencnia Be POsIT- 
HOCTOH, 

IycTh cyutectpyet N aorepeliinx 64aeToB, Kartiiil 13 KOTOPDIX 
IMCCT BCPOATHOCTS BHIETPaTh HC3ABHCUMO OT OCTAIbHbIX, paBHylo p, 
OANHAKOBYIO AIA BeexX OHeTOB (I, CICHOBAT@bHO, BCPONTHOCTb He 
BUIUrpaTb, PpaBHylO, KaK BePOATHOCTh RONOAUHTEADHOTO  cCOOnTHS, 
q =l— p). Kaxopa sBepostruocrh Toro, 4To B THpaxe 13 N GneleToR 
BLIAEpaloT poBuo A (H, CleLOBATE.ILNO, HE BHITpaiot m= N-— A) Gnae- 
TOB? Rca Mbl 3apanee ykKameM ONpedeicHible GUeTH, KOTOPLIe AOJLKHbI 
BLT PaTb, TO BePpOATHOCTbL TOFO, YTO HMeHHO ykKa3aHinte Onvaerol 


BODINE paloT, a OCTaIbHble — HeT, paBHa, KdaK BePOATHOCTEL NpPOUSBeACHHS 


HC3aBHCHMBIX coObITHi, p’q”. OguaKko Mbt Moral 6b! BhIOPaTbh HE TOABKO 


TC OHAETH, KOTOPLI€ YKa3aJIn, HOH WOGHIe Apyrue U3 aicaa NV, HMerouLuxea 
B NauleM paciopsxennn. M3 o6utero uwneaa N MONO BLIGpaTD n OnAeTOB 


Ch =: —->——— enoco6amu. Iekomast BepoatHoets TOrO, UTO ZT 1fo- 
N nt (N — ny! 


OblC f@ ONICTOB BbIlirpaiwrT (AH HeCOBMeCTHMbIX COOLITHIT — OTJL@ JI bHbIX 
BLIOOPOB) pabia 
N! 


Py (1) == a ae pa: (3.11) 
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Piie. 3.3. BHHOMHaabHLe 
pactipeyeatenne. Beposnt- 





p HOCTb NOTYYRTb JaHHbIil 
y(n) pesy-lbTaT B Ce@PpHH HCIMbl- 
04+ ai vail POPMY.Ly 
ys CABEIF 

o3 ( 

/ 
G2 
, | 





re 15 20 


Herpyano gaMerute, ura Py (2) B (LL) pablo MeMy W1eny passo KC- 


Win GlinoOMa (pp 4+ ie Ilo STGOMYy Mplgnaky pachpe/lelcHNe  BCPONTHO- 
= ‘ xk : 4 x 

creil, cooTBeteTsyioiiee (bopmyte (3.11), uagpipaeTed OH HO MI a4 bH bl M 

pacupeetenucs. DPyikiuit pacnpesaetenna BeporTHOTTeH fy (m1) pasna 

BEPORTHOCTH TOLO, WTO caydaiiad wmepemennad F MeHLMC  BeTETUITEE A 

WAM paBHa ei. 


Puc. 34.0 Dinusadbnoe | pae- 

iupesxelenue., BeporaTHuocth Uoay- 

UITb pe3y.ibTar He MCHbiue 

qaunoro Bp cep neabiranult 2y/f<a) 
em. (bop wy.ty (3.12)]. 
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n 
P(t = F N ak N~—R 
3S /l) = N (71) = RI (N — ky Pg : (3.12) 
Rm! 
Besmunnbt Py (2) x Fy (1) 3apanee BblnucaeHbl H Aa HUX cocTaB- 


TOHDE Cheunatbuble TaOHubl. Jaa OHHOMHasbHOoro ‘ pacnpexeacnua Ma- 
TeMaTuueCcKoe OKHAaNHe = paBNo M(n)=Np, qucnepcua D(n)—= N pg. 





“G =F 2 91 @ 4 2 3-4 


6) 


Pic. 3.5. HopMatbHoe pacnpegevienue. 
@) MAOTHOCTh BeponATHOCTH, 6) pacnpenzenenne Be po- 
ATHOCTH (CM. MopMyap (3.13) x (3.14)j. 


Ecvui Mbt 6yweM B tbopmy.te (3.11) yBeauunsate N x Nn, OCTABHB SOCTOAH- 
UPIMIT p ig, TO B Npewene MpHAeM K HenpepbiBuomy pacipeeaeHHio 


x {x—a)? 








l ao 
P(E<x)=F aaa 7 
( ) (x) Sea dx (3.13) 
C IIOTHOC TbIO BE pOHTHOCTH =, 
(E—a)? 
(é ] fat x 
PAS) 75° : (3.14) 


HaShIBAeMOMY HOPM@.1bH bIM pacnpegeviennuen ae 
: : J M HH 38KOHOM MvyaBpa— 
Jlanaaca—Taycca. aes 


o7 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


lopMadbuOe pacHpele eine BeTpevactes BIPaKTUUCCKHX Satauax 
BecbMa "UacTO. DTOMV SakOAY CAC AYIOT CGLyaluible — BeAHUNH DT, sTBJGHO- 
Hwee CYMMO! OUCHD OOMbIMOLO TCT BIA MNO-ile 3B HCH MBIX CTY UAHHbEX 
SCCUIMHH, TAKHX, WTO Kaa ast 1s HX Mada HO cpaBHeiiio co Bee CYM- 
mol, AlaremaTHuecKoe OAH JRE HOPMadbloro — pacipe kere ni 
papno AI (é)-= a, Auenepeln D (§) = 9°. 
Ecalt reuepb Mil OyseM yaeltuiBarh NB tbopmyae (3.18), moo acu 
BE.IUUUNY BEPONTHOCTH p O4eHb Maiod, pl, TO B Hpedete NoOdy- 
WHIM TAK Ha3bIBACMLEL Sakon pacupe deren TTyaccoua 


n 
VP) id 
Pay (e211) 2 ine (17) ne ) Sar a Np (3.15) 


nm! 
i-=0 
B stom clyuae BEPOATHOCTH ALLE AanOi BSNNbL db paBita 
7, 


(Ny. ce oh 
Lx (77) —- a C NY 


j 


er (3.16) 
AE (Ry = N psy Dee peek 


3axony ITlyaccona caesjyet, WalipuMep, paclpeteicuie BepoArHoc res 
THe dad BhISOBOB Te.1ePOHHOH CTAMIUIT, WNC1O USAYUCHHbEX HOMHSIPYIOHLUX 
UACTHIL UNCTO HOCeTHTG.ICH BbLICTABKIL 3a (LQHHbU OTPe30K BYeMeHH I 
APYTUE JUICKPCTHBIC GIVUAHHIe BOIHUHDI. JL1 HOpMaIbHOrO 3aKOHa I 
gakona Tlyaccona TakawKe HMeloT¢Cs TAG AIL. 


nn! 


B mpakTHKe BCTPCuaWwTcs 3aLadH, KOA DKCHCPHUMCHTa-Tb- 
Ho HayyacTcs Cayualitad BCTHYHHA, BePpOHTHOCTS KoTOpOll 
paciipeledena io H38BecTHOMY 3aKkoHy, Hs pe3ytbraToB H3MCc- 
PCHHA OblBaeT HCOOXOMHMO OPeeIHTb TOMbKO TapaMerpbi 
3sakona: M(£) u D(e). JIpvrue sanaun coctosT B ONpeseciCH iit 
THMA 3AKONA PACUPCLCACHIT TO Pesy.IbTATaM HAOTIOACHIL TT 
B OUP IGICHINE BTHHUIT Ha STOT 3aKON YCJIOBIN ObITA. 


Lilym 


[la BbINOLLe VCHSHTCQA HPHCMHHKa CHFHa-1OB Ip OObULOM 
VCILICHHH BeCrila HMCCTCA HaMpsAKeUHe WYMOB, KOTOPOE MPCA- 
cTaBaseT coOolt clygalHylO BeJIHYHHY H MpHNWHMaeT B pa3- 
NHUHBIC MOMCHTbI BDCMeHH CJlydalinble 3uaycHHsA. OTH IyMbl 
NPOHCXOAAT OT (NOKTY AMI TOKA BO BNOANDIX UCNAX YCHTH- 
TNA, OOAZAHHLIX TCHJIOBOMY XA@OTHYCCKOMY ABHIPKEHHIO DICK 
TpoHoB, Ec.1H H3MepHTb 3HaucHHA INyMOBOrO HalpsaCHHs 
B Pas INUNbIe MOMCHTH! BPeMeHH HW NOACUMTATL WACTOTY TMOAB- 
CHI TCX MeI HIbIX 31 aueluii, TO SaKOI pacliIpe rch OKa- 
*KOTCH OSLH3KUM K HOPMAbHOMY. TCHJIOBLIC HIYMbI la3sbiBator- 
Cs} MOSTOMY HOPM@JIbIIBIMH WH rayCCOBLIMIT. 

Ecan tg BXO/L YCHJHTCIs mocrylaer CHrHad WH NpHTOM 
HaCTOAbKO ClaObiil, YTO OH OKaZbiBACTCH Mael TO CpaBHeHHtO 
C WYMAMH. TO pacipeteTeHHe BepoATHOcTell HANPHAKeHUA Ha 


i 
HR 
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BLIXOAC H3MeCHHTCA. Ha6.1loaqaad HanpAxKeHHe Ha BbIXOAe OHO- 
KpaTHO HIM B TeYeHHe KOPOTKOrO MpoMexkyTKa BpeMeHH, MBI 
H€ CMOMKECM C MOCTOBEPHOCTbIO YCTAHOBUTb IIPHCyTCTBHe HI 
OTCYTCTBHE CHPHala H, TOIbKO TMpomOmKkand HaG6JIOACHHS 10- 
CTaTOYHO LOIrO, NO H3MEHEHHIO BH Jla pacnpescerenuaA CMOKeM 
HaMe@KHO PelWHTb STOT BOMpoc. 

[lomo6Has cHTYalMaA NpeAcTaBJAeTCA NOBOMbHO OGLE [VIA 
COBPCMEHHOTO CCTeCTBO3HAHHA, B 060M 9KcMepHMeHTe pe- 
3YJbTATbt HaOOAeHHT NOABeEPAeHDI CyYAaliHbIM OTKJIOHeHH- 
IM, 1] CTHHHUHOG HaOsMOeNHe MOKET Math pesy.bTaT, Boo6- 





Puc. 3.6. Amnyapeupiii curuaa i ITYMULI Ha BLIXO.1e pasrompiemuuka, 


Ie TOBOPA, CKOAB YPOHO CHJIbHO OTIHYAIOWHics OT cperNero. 
IlosTOMY pC3y.IbTaTbI SKCMePHMeHTa OJDKHBI ObITH Tocme 
oOpaborku NpeACTaBeHbI B BUAe KPMBbIX Pacmpenedenusa Be- 
PpOATHOCTCH STHX BeIHUHH. H36exaTb OUIM60K MOXKHO TOub- 
KO MOCPCCTBOM KOPpeKTHOH ctTaTHcTHYecKOlt o6pa6oTKH 
DE3YJIbTATOB. 

Kora Ha BbIXOJe€ IPHCMUMKa OANOBPCMeHHO TiDHCYTCTBYIOT 
HM CHrHadl, H WYM, Mbl HMcCeM jeIO C BeEPOATHOCTHIO CAORKHOLO 
COObITHA—HaNpAKeHNA, 3ABUCHULETO OT ABYX Cay4aiilbIx MpH- 
UHH. J]JIn MOROOHDIX CHTYAUHil cegyeT NOAb30BaTbea MOHSA- 
THAMM BEPOATHOCTH C.IOAHOPO COOBITHA HM YCJIOBHOI BeposT- 
HOCTH, 

ITomyyHB Ha MpHeMHOM KOHWe Kahala cBa3u HCKOTODBIM 
CHrHaJl, HCKaXKeHHbIM WYMAMH, MbI OKA3bIBaeMCA fC B COCTOR- 
HHH TOUHO yKa3aTb, KAKOM HMCHHO CHrHad 6p nepegay. Mpr 
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MOMEM FOLLLKO CTPOHTb HPC WOJOKEULA BIH PHMOTe3bI Ha 9TOT 
CUCT, KAA TA H3 KOTOPBIX NocyIe NOyGeNHA HCKaKenHoro 
CHTHasa Npnooperaer vekoTopylo anocTepuopuylo uu 
<MOCJICONLITHYIO» BepostTuHocTb. Tlo-BHaAHMoMY, HaOaloqaa O/1- 
HOKpaTHo Mepeannbui CHrHasl, 6obUiero MbI il He B COCTOAHHTT 
OMUPeACHTDb., 

IIpo61eMa npHeMa CHTHaJa B iWYMaX WAH MOMeXaX AB.1HeT- 
CH OAHOH H3 WeHTPadbHbIX MpoOeM He TOJIbKO TeOpHH MH TeX- 
HHKH CBS3H, HO 1H TEXHHKH 4BTOMaTHYeCKOPrO Pery-IMPOBaHHA H 
AUPYFuX OGslacTecH NpPHMCHeHHA KHOepHeTHKH. BesHanua WYyYMOB 
WH HOMe€X MO CpaBNCHHIO C CHFHasIoM ONpesestHeT CKOPOCTh, 
¢ KOTOPO! LO3MOAKHO NepelaBaTbh cHrHadp 6e3 oumM6oK. Cra- 
THUCTHYCCKHE XAPAKTePHCTHKH MOMeX 3aCTABJIAIOT NPHMeHATh 
OcOUObIe MCTOAbI WepeqayH uM MpHeMma, 

MHUHMaIDHBHT TO MOULHOCTH CHrHad, pa3JIHyHMbIN pit 
3QAaHHOM UHCTe Ha6wOseHHH Wa Mone CYHLECTBYIOULHX Wy- 
MOB, HOCHT Ha3BaHHe woporoBoro cHrHada. UemM HHxKe ero 
MOULHOCTb, TCM BbILMe UYBCTBHTCJIbHOCTb TIpHeMHHKa, UysBcrBu- 
TeEJIDHOCTh HPHEMHHKAa SABJIAeTCA OMHHM H3 CAMbIX BaXKHDIX ero 
KauecTB. MurepecHo OTMeTHTb, 4TO, KaK MpaBHJIO, TEXHHYCCKHC 
VCPPONCTBA JIS TIPHeMa CHrHaMOB aseko yCTyMaloT B YYBCT- 
BHTGIbHOCTH @CTCCTBeEHHbIM IIPHCMHHKAM, KOTOPbIe CyuecT- 
BYIOT Y 2KHBDIX OPfaHH3MOB B BAe TaK Ha3biBaeMbIX Pellel- 
TOPOB ILI OprakHOB 4yBcTB. C 93TOM TOUKH 3peHHsA H3y4cHHe 
NPOUCCCOB BOCIIPAATHS CHTMUAOB Y KHBDIX OPraHH3MOB MOKECT 
HPHHUCCTH OTPOMHYIO NOUb3y TeEXHHKE, 

H]e TOIbDKO LUYMBI, HaKJafbIBalOlulnecaA Ha CHIHad B Kala- 
I@ CBSI3H, ABIAIOTCA NPHMepOM C7yYaHHbIX BOSTeHCTBHH Ha 
KHOepueTHuecKHe cHcremMbil, Miorga calyaalinbie BOs MeHCTBH 
nHoctynaior jpyvruimMa nmyTaimuw. [I]pu pa6ote aBrouudoTa ¥.1H 
ABTOMATHYeCCKOrO PyeBOrO CHCTCMa B UCAOM HCIDITHIBAeT 
CTYUAIbIe BOZJICHCTBHS B BHA HOPbIBOB BeTpa, YLapoOB BO.TI, 
TCUCHHH, KOTOPLIc XAOTHUCCKH H3MeHHIOT Kypc KOpa6.ia. Bos- 
HHKaAeT 3alaua IlpOTHBOACHCTBHS! 39THM C.JYYaHHbIM BJIHAHHAM 
H HX «OTPpaOOTKH», T. €. BHeECCHHA MOMpaBOK B YiipaBJeNHe 
C TAKUM pacueroM, UTOGHI Kypc KopaOa He OTKMOHAICA CYy- 
YaliHbIM OOpa3om oT wKestacmoro, Maye roBpopa, OKa3bIBaeTCA 
HEOOXOMHMLIM CTA2OHATH3SHPOBATDH kypc, chelatTh ero 
He€3aBHCHMBIM OT CA VuaHHbIX BOSJLCHCTBHH. 

Tlono6upre Ke 3a%aun cTaOuH3allHu peulaloTr MHOrHe He- 
KYCCTBCHHbIe H @CTECTBCHHbI€C KHOepHeTHYeCKHe CHCTeMBI, Ha- 
NPHMep OpraHb. Telia XWRUBOTHOFO, ObecNeunBaloulne MOCTO- 
AUCTBO TeCMHepatTypbl Tela, WaB.ICHHA HW CocTaBa KPOBH TIPH 
CryyaliHblX H3MCHCHHAX BHCIWHIX HW BHYTPCHHUX ycuoBHi (TeM- 
HepaTYPbI CpeAb, NHTAHHA, Harpy3kl\). 
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Cary alinire BOS ACHCTBHS, HCH3BCCTHBIC 1 IcHpetoKa3yemnre 
HISMCHCHHS OOCTAHYOBKH—BoT HOPMadJIbHbIc YCloBMA cyulecTRO- 
BaHHA KaK XKHBbIXx OPPaHH3MOB, Tak H CO3qaHHbIx YeOBEKOM 
KUGePHeETHYeCKHX CHCTeM. | 

limes meno c IYMaMH, MOMeXaMuH wan NPHEMOM 3apaHee 
HEHSBECTHOPO CHTHadla, NPUXOAUTCA PacCMaTpuBaTb, Nocwego- 
BaT€JIbHOCTb CJLYY aHHBIx COObITHH BO BpemMeuu. B stow CJly- 
tae MbI HMe€eM Jeo ye He co CAYYaHHOH BenMunHOH, a co 
cyyanHonw myuKuueit BpeMe@HH. EcaH MHoxKectTRBO CJL YanHHbx 
(PyYHKUHH MOKeT 6nITh OXaPaKTePH30BaHO C MOMOLIBIO pac- 
IPeHeNeHHA BepOATHOCTeH, TO MPOWecc, BKOUAIOWN B ceb6s 
STO MHOXKECTBO, eCTh CA YUaiHE Tt mpouwece, 

Aa XapaKtepucrtukit CTYYaHHOrO Mponecca o6pi4ano 3afa- 
lOTCH BEPOATHOCTH CJIOMKHBIX COObITHH, cocTrosmux p COBMeCcT- 
HOM NOABJICHHH ONPeAeJeHHEIX BeAHUNY B Pa3JIHYHbIe MOMeTHI 
BDCMCHH: = 

1) BepostTuocrp TOPO, YTO BeJHYHHA X B MOMerT fy OKa- 
*KETCA B HHTepBase x1; x,+dx,, 


P(X, f)dx,, (3.17) 


2) BeposTHOCTS Toro, YTO BeJIHYHHa ¥ B MOMeHT ft, OKaKerT- 


CH B HHTepBawle 1; x;+dx, u 3aTem B MOMEHT fo,— B HHTep- 
Bale XQ; X9+dX2, 


Po(Xy, bier) AX, AX, (3.18) 
HT. J. 


Ecanu 19 HeEKOTOPOro ciy¥altHoro Tpouecca 3aMeHa Bcex 
SHAYeCHHH ft), fo... B (3.17), (3.18) ut. nm. Ha tit; fot+t... He 
H3MCHAeT BeJINYHH BeposATHOcTeli Pi, P2,.., TO TaKOl caryyali- 
HBIM Tpouecc Ha3biBaetcg CTAWHOHAPHEM. Cmemenne 
10 BPCMEHH T MOXKET ObITb BLIOPAHo. IPOH3BOJIbHBIM. Xapak- 
TEPHCTHKH CTallMOHapHOrO Mpouecca He 3aBucsT OT BpeMeHH; 
HX MOMKHO H3y4HTb, Ha6wlonag powece MoctaTrouno ouro. 
B ewtyyae HeCTaUnOHaPHOTO Mpouecca MBI NOUOKUBI Opin 6b! 
AAA TOW Ke We HaGMOLaTh OoAbIOe 4YHCIO ONHOBpeMeHHO 
NpoTeKawuux mpoweccop yvny BOCIIPOH3BONUTb mpotece 
C Havadia AO KOHUa MHOro pa3. Iympl NpHemunka saBuistiorcs 
CTAWUHOHAPHbIM Tpoweccom. 

Cayyainplt mponecc mMoxer AaBaTh Kak HelIpepbIBHoe H3- 
MCHEHHE CJyuaMHOH BeMUMHBI, Tak y AWCKPeTHble 3HaYeHHA 
Hepes ONPeAeCMCHHbIG HHTeCPBaEI BpeMenu. B oOulem culyyae 
BEPOATHOCTh NOJTYYUTE ONPeACNeHHYIO BeHYMHY B TaHnubtii 
MOMCHT GBaBHCHT OT BCeli NpesbAyuert HCTOPHH CJlyyatinoli 
BeTHYHHBI. B mpoctelimem caysae Bee SHAUCHHSA BeEJIHYHHBE He 
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gaBnest {pyr or apyra. B Tom cayaae, Korla Suaenye C1Y- 
HALO BANU B AAMT MOMely BpeMelH fy HOAMOCTbIO 
onpedetacr pacipeTeacHMte BepOATHOCTell BeTHYHHbI X AT 
ce yloluerO MOMCHTa BPCMCHH H CCH ITO paciipeqejteHHe He 
BABUCHT OT 3HadeHHH X B MpeAblAyWiMcC = MOMCHTbI BPeMCHIl 
(<ty, cyualublii npollece ABIAeTCA MPorkeccoM 6e3 MoCe- 
MeHICTBHA JE WasblBaeTCA IPOICccoM THA Mapkosa. 


BepostHocTb B pu3KKe. DuTponus 


Mbt yHOMHILSTH BBE O TCPMOAHHAMHKC. Set “OO Tels 
(PUBHKH ACT HAM HACTOAbBKO HUTepecHylo HALHOCTPauHio i.T0- 
OTBOPHOrO TpHMCHeHisA MaTeMaTHyeCcKOrO NOUATHA BePONT- 
HOCTH, UTO YMCCTHO CKa3aTb 06 9TOM nowpo6uee. 

Kak v3BCcTHO, 9neprua cyulecTByeT B Pa3THYHLIX BULAN: 
MCXAHHYECKAN JHCPrHA, BICKTPHYUCCKAS, MaMiHTiastl, XHMIUNC- 
cKasl, TeHdoBad UT. lL. A\HorouncicHible (PHSUYeCKHe MpOnecchl 
CONPOBOARAAOTCH UPCBPAULCHITAMIL SEPM HS OAVOTO BILLA 
B pyrolt, MpHeM, cordacHo TepBOMy Hasady TOPMO;WHH AMISH, 
gHCpriisl UC BOSHHKACT HW We HCUe3act. O;UakO, XOTH KOJHUCCTBO 
gHeprily Bera CONPAHACTCA, B WEKOTOPHIX NPOWeccar MPOHeXO- 
JUIT, KAK TOBOPsIT, «<OGecheHelle> IHCPrit, ITO 3HAayHT, NTO 
YMCHbINaIOTCS = BOSMOAKNOCTH actbuchlicro IpeoopasoBaniv 
ZOPCil B Apyrie BHALL. [ STOM OTIOMICHET OCOOYIO PO-Ib 
Hrpaer TCHAOBAN BeprHyst. 

TenajoBasl Sueprud upegctaBaser cOOoH KHHeTHYECKYIO 
SHCPrHIO ABHKCIMA MOJeKy.T BeHIceTBa WA 2KC 91€MCHTap- 
HbIX Uactuu. Co6cTBeHHO, O TeMAOBO!L BUEPTHH MOKNO FOBO- 
PHTb TOIDKO B TeX ClyWasx, KOPAA Mb uMeeM e170 c Makpo- 
CKONHYeCKHM TCCIOM, COCTOAMIMM, H3 OFCHb GoAbuloro YNCTa 
TBIOKYHIUXCH MO.TEKY.T, CKOPOCTH KOTOPHIX pacnpewze1eHbl M10 
HexoTopomy 3akony. Jkt Madoro YHCOTa MOTCKY.1, B TCM O0.1€C 
LI OLLHOH MOICkKYyibi, CTetyeT TOBOPATh HC © TCILIOBOH, a O 
KHHETHUeECKON QHeEprHy. 

Oco6ast pOlb TeMTOBOH SHCPrHH B WPoOleccar Hpeo6paso- 
BAHHA DHCP HS OANOTO BHAA B Apyroii gaksoVaercH B TOM, 
uTO TCHAOBat sileprus Tela He MoKeT ObiTh WEN KG M 
MpeBpaiwena B MeXaundecKyio pa6oTy HH B Apyroh BHA 
sueprun 6e3 Toro, ¥TOObI sTOMy HNpoweccy He COnYyTCTBOBA-TH 
KAKHC-TO JIPYPHe TpOWeccbl, NpHBOAAMIHe B KOHENHOM uTore 
K TPCBpAalleNHIO B TCO HEKOTOPBIX KOMHUCCTB APYrHX BHAOB 
9HeprHl. Bropoe Hatado TepMOAMHAMHBH, c(popMY-IH pOBaHHoe 
1d OCHOBANHH NpakTHKH HH pe3ydbTaTOB akcnepHMelta, 
yTBepxKaeT HMCHHO 9TO: eHepo3sMoKen mwpollecc, ¢ TH H- 
CTBCILIT DIM Ppe@3y-IbTaTOM KOTOPOPO ABITTOCh Obl lpeBpalltle- 
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Hue Tema B paboTy». OnHako BO3MOxXHbI NPOWeCCh, esHil- 
CTBCHHBIM PC3yJIbTATOM KOTOPEIX ABIAeTCH Mepexon B TCHIO 
APYTHX BUAOB SHePrHH (TpeHHe, HarpeBaHne mpoBona gavex- 
TPUYECKHM TOKOM Ii T. J). 

Iipeo6pa3oBanne tena B padory BO3MOKHO, Hanpunmep, 
IPH HCNOJIb30BaHHH WM3MeHEHHH COCTOAHHH fa3a. Harpesast 
ra3, 3AKJIOUCHHEIM B UKIHHApe MALIHHBI, Mbl 3aCTaBJaemM ero 
PaClUHPATLCA, Ne€PeMeulaTh NOPUICHb H NOAHUMATh rpy3. Temlo 
PH 3TOM OTONPacTcH y HeKOTOpOrO Harpetoro Ten3 (KoTWa). 
YTOObl MPOOMKHT STOT Mmpouecc, HeOOXOMMO BepHyTb Mop- 
INCIb B HCXOJHOe NOJTOKEHHE, T, €. OXTADUTb 6a3, a 9TO 3Ha- 
MNT, YTO YaCtb TeIWIOBOH 9HepruH rasa OKA ObITh Mepeya- 
Ha XOJOAMWIbHAKY. TakuM O6pasom, 3aBepUIMB WK, MbI OTHA- 
IM y ropsyero HCTOUHHKA Tela NeKoTOpoe KosIMUeCTBO TC- 
NOBOH SHeEprHu Qi, YaCTb Ce MpeBpaTHsN B paOory A, a apy- 
ryio yuactbh Qo oTnanu XOJIOMHJBHUKY B BUe TeNOBOTI 
asueprun. [Ip srom Q;=A+Q, (BCe BeJIHUHHbI H3MepCHbI 
B Ka-lopHsax). Koadibuuneir nowe3Horo felicrBus MaUIMHni n 
OKASDIBACTe SE MCHbINC CIHHHILbl, TAK KaK 4WaCTb 9HeprHy He 
icpeuLta B paGory, 

page (3.19) 
I 1 


Ilocaiequee, OJMaKO, Ne o3HauaeT, YTO B AAaHHOM cJlyyae 
TeHJO Q2 Oe3sBo3BpaTHO ToTepaHo. Moxuo OCYUIe€CTBHTb O6- 
paTubut Tpowecc, coo6wuB TenvloBolt MmawnunHe mexaHyue- 
CKYIO SHUCPrHO, T. €. COBCPUIMB 3a CYeT MOCTOPOHHHX HCTOUHH- 
koB padory A i s3acraBHB Maly pa6otaTh Kak XOWIOIb- 
HuK. IIpH stom He ToMBKO pabota A nomHocTHIO IIPeBPaTHTCHA 
B Tero H OyweT hepeqana ropademy KOTJy, HO, KpoMme Toro, 
KOTHUCCTBO Tena Qe OyaeT OTHATO y XOJORNAbHUKA, KOTO- 
PbUt MPH 9TOM eLle CHIbHee OXNaNUTCH, u nepeqaHo TakxKe 
KOTJY, KOTOPbI elle 6o1ee Harpeetca. Luka pa6orn xou0- 
AWIbHOH MAaWwHibl 1OTHOCTbH BOCCTAHAaBJAMBaeT HCXOHOe 
COCTOAHIe, C KOTOPOTO HauaJia CBOH WHKT TeNOBagd MalunHa. 
TakHM 06pa30M, NpeBpaulenue Tena B padoTy TenmoBOoH Ma- 
INMHOM ABIAeTCH MpoueccoM OO6paTHMBIM. Oro 3yHauut, 
ATO C NOMOUMbIO Mpowecca, OOpaTHoro MaHHOMY, MO2KHO Bep- 
NVIh CHCT€MY B N@pBOHavadIbHoe COCTOAHHe, He BHOCH Mpit 
9TOM HHKAKHX H3MeCHCHHH B OKPyKaloulHe Tela. 

Ouwako OO6paTuMblii mMpouece aABAeTCH vIMUIb TeoOpernue- 
CKOH Healuszaunel peadbybix Tipoueccos. JMIa toro 4ToO6b! 
NPHOAMGHTbCA K OCYeCTBAeHHW O6paTHmoro mpolecca, HYX- 
HG HCK-MOYHTb TPCHHe, TeEMAOMPOBOAHOCTh HW NPOW3BOHTb BCe 
HSMCHCHHA B Fase UPC3BHINANHO MeMWIeHHO, He Hapyulana ero 
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papnopecioro cocrosins, Bo ACHeTBHTEIBHOCTH Tpit HpeBp a 
LGHHH Tela B pa6oty, kpoMe Tema Qo, Oecnoe3sHO pac- 
CCHBAaCTCH Cie HeKOTOPOe KOJHYECTBO Tela 3a CucT TpeHH 
{i TeMWIONPOBOMHOCTH. DITO pacceAfHHe He COMpoBomAaertcs 
lipeppalieliw#eM B paGoTy CoOTBeTCTByIOWeH YacTH Tella, H, 
CJICMOBATCJIbHO, JWI TOTO ATOOb! BEPHYTb CHCTeEMY B HCXOMHOC 
COCTOAHHe, HEOOXOAHMO MOYeEPNHYTh AOMNOAHUTeIbHy!O paooTy 
oTKy,la-To u3BHe. TIpomecc c yyacTHeM TDeHHA OKAa3bIBAcTCH 
HecOpaTHMbiM. 

TIPHHUHMHatbuo BAKO TO, YTO KOSPDULHEHT M0Te3HOrO 
neficrBud (K. 0. 4.) HeabHOH TeMOBOH MaUIHHbI, oOcyllle- 
CTBAIMIOIUel O6PaTHMbIil Mpowecc NpeBpaulenusa Tela B pa6o- 
Ty, HE 3ABHCHT OT CBOHCTBTa3a (x<paG6ouero Te- 
Nad) HW OUPCAGTACTeH TO-TBKO TeMMepaTypaMH KOTJa Ltt NO" 
NOUMIbHHKA Lo 

a 
Den 
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Ecau Kote) H XOJIORHWJIbDHHK HMCIOT OAHHAKOBYIO TCMITC- 
parypy, TO K, Il. J. paBen iyo, 7. ¢. H€BO3MOAHO HHKAKYt0 
YaCTbh Tela MpeBpaTHTb B paboty. Bexkoe BbIPAaBNHBAHtie 
remmepatyp KOTA H XOJOAWIbHHKa BedeT K NOHHKCHHIO 
K. Tl. JL MALLUENDI, T. @. K YM@HbIUCHHIO TOM YaALTH Tea KOT- 
ja, KOTOpasd MOKeT ObITh Npespawena B paboty. Orcioza AlCl 
CMBICT YTBEP2KACHHA, YTO TETLTONPOBOLHOCTH «<ObCCILCHUBACT> 
TCILMIOBY!O SHEPFHlo. 

IIpupedennble BHILIC YTBCPA AEH CHPaBCLINSbE We TO ‘b- 
KO ‘WIA TenTOBOH MAaLIHHb! C PpaOouHM TeJIOM B BHC Presa, To 
wKe camoe CpaBeIHBO, HaNpHMep, H Is MNpPOWweccoB Hello- 
CDEACTREHHOFO MpeBpallenHA Tea B IHEPTHIO 9-TCKTPHTCCKO- 
ro toka, MoxkHO MpakTHYeCKH OCYLICCTBHTb NIpHOWAKeHHe 
K Hi@atbHOMy OOPaTHMOMY IIPOMeccy, HCHOIb3yA TepMOdTeiK- 
TpHUecKHH set (aBstenve SeeOeka) MH ABserHe Tletptbe. 

Spmenne See6eka 3aKJIOUaeTCA B HOABJICHHH SJEKTDHYC- 
CKOrO TOKa B 3AMKIYTOM em, COCTOAINCH H3 ABYX NOCce10- 
BATCIbHO BKHOURHHBIX MpoOBOTOB pa3JIHYHOrO MaTepHa.ya, 
KOA ON call Harpepaetcs, a pyroli OXx.1ankTaerTcs! 
u3Bue. IIpn 9TOM YACTb Tela, MOMyYaeMaA HarpeTbiIM Cae, 
ipeBpallaeica B IXICKTPHUeCKyIO STeprHio H WacTh Mepe. tact: 
CA XOJTOJIMJIBHHKY. 

Sipareune [leibrbe 3ak1ouaeTCH B CaMONPOH3BO.IbHOM Ha- 
rpeBe OOO H3 cnaeB B WeNH, NOMOGOHOH TOJIbKO UTO OTHCAH- 
Hol, Wo & OXMAKAeHHH Apyroro chad MpH MpOMycKaHHnH Nepes 
eli XWICKTPHYeCKOrO TOKa OT MOCTOPOHHerO HCTOUHH Ka. 
Sueprus aTeKkTpHYecKOrO TOKA TpeBpailaeTcaA MP ITOM B 
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TCIWIO, BbIevislOUleecsh B Harperom cilae, il, KpoOMe Toro, He- 
KOTOPOC KOJHYCCTBO Tela nepeHocutca oT XOJIONHOTO cnan 
K ropauemy. Tlocaeguuii daxr yacto BBISbIBAe€T YTBEPxXK enue, 
OYATO Obl TepMoseKTpuyecKuit XOJOAMWJIBHUK «HMeeT KO3(p- 
(@UUHEHT MOe3sHOrO AelicTBHA Oo.1bue CAuHuIbI>. Takoe xKe 
YTBEPATCHME MOKHO ObIMO Obl CLeMaTb, KaK MBI BHI@JIM, H 
CPMOCHTCIBHO Ta30BOH XOJOTMJIbHOIL MAUIMHEL. OmHako, ec 
MBY MOMBITACMCS! GCYUICCTBHTb 3aMKHYTHIIt oOpaTuMblit mpo- 
Acc. UpespallenHA aX1eKTpHYeCKOli SHEPrHH B TEN (aBJIeEHHe 
[fenpto€), a 3aTem oOpaTHoe npeppautenue NOJITYYeHHOrO Ten- 
ld B I€KTPHYeCKyIO SHepruo (aBJeHHe See6exa), TO maxKe 
B HACAIBUOM CJYYae «BBIMTPbII> OKa3alca 6b paBHbIM 
HYJO, a K. 1. 2. — PaBHbIM eCAHHUILe. 

B peallbHom xe SKCNEPHMEHTE HarpeBaHne mpoBoRoB 3a 
C1eT MKOYMEBa Tena BbIZOBET MOHMKeHHe K. 1. nq. B 9Tom 
CTydae, KaK H B JOO0M JpPyroM, peau3oBaTph BIOJHE O6pa- 
THMBIH Mpowecc He yaaercs. 

BHYTPeHHIOl0 SHEprHto Tea MOxKHO Pa3eJIHTb Ha Be Yac- 
Mi. Ty, KOTOPasd MOMKET ObITh MpeBpaulena B pa6oty (cBo6o0n- 
Nas SHEPruA), H Ty, KOTOPas Mp 3TOM HeEH36exKHO Oy eT mepe- 
ava Ooee XOJIOMHOMY Tey B Bue Tema (CBA3QaHHaa 9Hep- 
ria). Dusuyeckaa 9HTPONHA Tena XapakTepH3yer JOJO 
STOH «6ecno.1esHoli» SHEpruH, KOTOPad He MOKeT 6pITD mpe- 
BpalleHa B paOoTy. QutTponua apanerca PCaIbHOH BeVINYHHON, 
KOTOpad MokKeT ObITh ONpesetena pacueromM win H3ye- 
penuem. IIpu cbusuyeckux u3menenuax rena SHTPONHA ero 
MeHACTCH. OQHTPONHA ANANTUBHA: SHTPOMNHS iCYMMbI HECKOJIBKUX 
TeT PaBHa CYMM€ HX SHTpoNHli. Pasmepuoctp SHTPONHH— 
Kaaopuu/epadyc. | 

ITIpupameune suTponun tena NIpH H3Me€He€HHAX ero *Pu3H- 
TECKOTO COCTOMHHA ONpeqetaeTca cyMMOli «JIDPHBe-TCHHbIX TeM- 
ToT» AQ/T: 


y 
~ 
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CaMbIM CylWeCTBeHHbIM CBoficTBoy SHTPONHH ABINETCs TO, 
4TO B 34MKHYTOH CHCTeMe, OA KOTOpOH HeBo3MomKen oOMeH 
aHeprHeH C BHELIHHM MupoM, SHTPOMHA HUKOTZa He YMeHb- 
wiaeTcs. Ona octaetca nocroauHoit mp OOpaTHMplx mpouec- 
CaX H MOBBIMAeTCA IPH HeOOpaTHMBIX, 

CBsisaHHasd sueprua Tena TIPONOPUMOHANbHa ero JHTPOMHH. 
Takum o6pa3om, Tpenue, TCNJONPOBOXHOCTb, YBeIHUMBAA JLO- 
JO CBA3AHHOH SHEPrHH, NOBBIWIAIOT SHTPOMHIO CHCTeMBI, 

Msmeneune SHTponun saBsaaetca MepoH «HeOOpaTHMocTH» 
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atitorO Hpollecca Wai MepOH «MeMOtHOUCHMOc fils BUY TPCH: 
Heit aucpruu Aannoro Tela. Bropoe Hataso TepMOAMNaMUKI 
B dopmMysupopke Kvlay3nyca 3By4HT Tak: «C TeveHHeM Bpe- 
MeHH 3HTPONHA BCAKO! H3OJMPpOBaHHOH ‘CHCTeMbI CTPCMHTCS 
K MakcuMyMy». JlocTHTHyB MaKCHMYyMa 9SHTPOMHH, HS8OJ/INpO- 
BAHHaA cHCTeMa Tpe6biBaeT B COCTOAHHH TEIIOBOrO PaBHO- 
BeCHS. 


Kak MLI yKe YNOMHHAIH, HeKOTOPBIMH ocoOeHHOCcTAMH 
B 9TOM OTHOMCHHH OOamaloT Tea XKABOH MpHposbl. Onn Ca- 
MONPOH3BOIbHO NOLAEPpKUBAIOT CBOIO SNTPOIHtO HeH3MCHHOH 
3a CUCT YBCHNCHH JHTPONKH MepeBapHBacMBIX NHTATCTbUDIX 
BeUILECTB IIH 3a CUT MOTIOMeHHA SNeprih HSBHE (T1aBHbIM 
o6pa3oM, COJIHeGHOH pagianun). OgHako KuBbIe Tela CaMil 
lo ce6e He NpescTaBinior cooon H30JIMpOBaHHOH CHCTCMbI, Tak 
KaK H@ MOPYT CYULECTBOBaTb 6e3 B3aHMOEHCTBHA CO cpeoH. 
Ilostomy yTBepskgenne, SyATO Obl “KUBbIC OPraHH3Mbl He 
HONYHHSIOTCH BTOPOMy Hauasy TCpMOAHHAMUKH>, ABIACTCH 
HepepHbIM. [loamepaanve 9HPPOMHH HeKOTOpOroO Tela NOcTOAH- 
noil 3a CYeT COOTBETCTBYIOLIerO YBeHUeHHA SHTPOMHH OKPy- 
*KaAlOULHX Tel BOBCe He NpeAcTaBseT COOOH Yero-TO HCKJIONH- 
TCcIbHOTO H MO2KeT ObITb BOCMpOUsBemzeHO, OcoOeHHOCTbIO XKH- 
BLIX Tel ABIAeTCA COOCTBCHHO JHWb TOT CIOCO 6, KOTODbIM 
OHM MOCTHPaloT 9TOTO HeMpepbIBHO H «aBTOMATHNECKH». 


CpolicTBo M30JIHDOBAHHBIX CHCT€M H3MCHATb CBO SITTPO- 
HHIO TOJbKO B OAHOM HalipaBcCHHH——B CTOPOHy YBC-THNCHH A 
Cuulo Oslectaule O6bACHeHO BovibTUMaHOM Ha OCHOBe TeOpHH 
BepOATHOCTeH. CyWlHOCTb 3TOTO OObACHCHHA BKpaTHe CBOANTCA 
K cnemyloulemy: «<Pusnyeckne Tea MepexoAAT OT COCTOAHHII 
MeHee BEPOATHLIX K OoO/lee BePpOATHDIM>. 

Surponus, Tak %*Ke Kak H TeMMepartypa, CBOHCTBeCHHa TO-Ib- 
KO TeJaM MAKPOCKONMYeCKHM, T. €. COCTOAINMM HS OUCHb 
6onpuoro uncda MoveKky. [ta OAHOL MOJCKyJAbl SHTPOTh 
He cyulecrByeT. Pacnosoxenne H ABHAKeHHe MOJeKy rasa 
B oObemMe MOryT ObITb CaMBIMH pasHoobpa3sHbiMH. bo.tbioc 
uncIO coymapennii ¢ JIPYTHMH MOJIeKyJaMH Header KOOpAHHa- 
Tht H CKOPOCTH MOJIeKy.1 cyualHbIMH BeJIHYHHaMH, KOTOPHIe 
HMeIOT HeKkoTOpble paciipeweenHA BepoatHoctell. Uncio MO- 
JeKYJI UpesBbIUaHHO BeAHKO: B Ky6uKe c peOpom 4 MHKpOHa 
nmpH armocepHoM aBJIeHHH comepxKuTCA Oobuie MOWeKY1, 
nem HMeeTCA JOC Ha 3e€MHOM Illdape. IlonatHe «MaccoBoe 
IRACHHeEY Kak Helb3a Godlee NOAXOMMT K rasoBOMY COCTOAHHIO. 


Mbt MoxKeM IpeACTaBHTb Cebe Pa3sIHYHBIe pacripeseseHHs 
MowIekya raga B OGbeme. Karkjoe Takoe paciipemejenHe AB- 
agerca CHOMKHEIM COObITHeM H OyAeT HMeTb ONpe LeJICHHY!O 
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BCPOATHOCTh, KOTOPYlO MOAHO NOCH TAT Ho H8BeCTIBLY [1 di- 
UHIaM TCGPHH Beposituoctell, 

Ilycrb B cocyge c o6bemom V uaxogutca N MOJIe€KyJI rasa. 
Pa306bem o6bem cocyaa Ha GovbIIOe YHCIO V OJMHAKOBBIX 
STEMCHTAPHBIX OObeMOB HIM ayeeK. Bynem CUHTAaTb, UTO BCe 
MOJCKYJIBL PaSMeWlalOTCH H€3ABHCHMO Mpyr oT Apyra u uto 
BEpOATHOCTh TOPO, YTO MOJeKYJa HAXOMUTCA B Ollpe 1esleHHOn 
AXeHKe, PaBNa OTHOMICHHIO O6beMa sAuefiKT K NOJHOMY 
OOECMY: 

AV AV I 

Teepb noacwitaem BepostHocth enoxHoro COODITHS, 3a- 
K/MOVAOMLerocsl B TOM, UTO B TepBoil suelike oKaxetca 1, Mo- 
JICKYJI, BO BTOPOH Wo, ...,B nmocneanelt n,. UI[pH strom, pasy- 


MeeTCA, 


¥ 


Vu=N, 


i=] 
rae N— o6ulee uncaio mosekya B cocyae, OTa 3agaua ana- 
JOTHYHA TOACYeTY BePOATHOCTH BBIHIpblllia 72 OueTOR 13 06- 
nero uncena N. O6o0ulaa hopmyay (3.11), Hanuutem: 
| NI 


Pe Cigitens:. *) iar at (a) . (3,23) 


7 n,} Ny! i fate nf 
Meuyan unesa N,, Mbl OyYeM, OUVeBAAHO, MeHATD HI BeJIMYHHY 
BepoATHocTH P,. Tlo-BuauMomy, OHO M3 BO3MO2KHbIX pacmpe- 


AeNeHHH OyAeT HMeTb HaHOOJbIyiO BepoATHOCTD. Onpenewne 
MaKCHMYM BeJIHUHHbI P,, yOeauMCH, 4TO HanbomblUel BeposT- 


HOCTbIO OOlaqaeT paBHOMepHoe paclipeleyenwe MoweKyaA B OODb- 
eme cocysa. Ip stom 
7 ‘7 

MW; — is == Np. (3,24) 
Hmeio K TaKOMy PaclipeweeHHIO WIOTHOCTH MpuxXomuT ra3 
IPH OTCYTCTBHH BHELWIHAX BO3MYIUeHHIT B 060M peaJIbHOM 
skcepuMeHTe. B uyacrHocTu, saBaeHne Aub@y3Hn TpuBosut 
HMCHHO K TaKOMyY HaH6OoJlee BepoxTHOMY pacipeneeHnio 
MJIOTHOCTeH B CMeCH ra3zos. 

AHasOrH4HbiM C6pa30M Mo2xKHO ONpeeIHTbh HaH6oulee Be- 
POATHIC COCTOAHHe fa3a C YYeTOM BAHAHUA Noda TAroTeHua 
H C Y¥eTOM paclipexeseHua ckopocreli. B atom Culyuae Mouly- 
qaeTCA 3aKOH Pacnpegeenua Makcpeana — Bopriumana, Koto- 
Pb na6.nomaerca w ua onpite. IIpu stom tbu3nyeckue Bean- 
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“ 


WED, CBOHCTBEHIbIE BeCH Macee basa, OhasbIBAlOLCH Hapa 
MCTPaMI pacnpedcsteis pepostiocrel, Tak, Waipimep, TEM 
HepaTypa rasa Mponopuuonatbua MATCMATHICCKOMY = OWKILTA- 
HHO KHHCTHUCCKOH SHEPPHH MO-TCRY<T. 

Cocrosune raza, OTHUHOe OT PaBHOBCCHOTO, o6.1aqaet 
MCHbINelt BePOATHOCTbIO, TIPHUCM BepOATHOLTb naylaeT TCM 
ObICTpec, YEM HO.TbUTE UWHCAO MOTERY<T. M. CMmo.lyXOBCKHH MOJ- 
CULTad, TO BepOATHOCTh CaAMONPOHSBO-IbHOTO OTKJIONCHISL 
MPHOBCHHOTO 3HAYCHUA BaBleHua raza or cpeqnero Ha 1% 
TaKoOBa, UFO B OObEMEe Pasa, COOTBETCTBYIOINEM Ky6y c pe6pom 
0,2 mHKpOHa, TAKOe OTKAOHEHHe MPOHCXOANT B cpeHeM Kaxk- 
apie 10-9 eeKyHAbl; B OObeMe, PAaBHOM O-AHOMY Ky O6HYeCKOMY 


1014 
CAHTHMETDPY, TO *#e CaAMOC CHYVYAeTCH THUIb KarvkK Abe 10 ce- 


KYHAL, T. @. UpakTHyeckH HAKOPLa He c.Tyuaetcd. 

MoxHo foKa3aTb MeTOTaMH TeOpHH BeponHTHOCTCH, TO 
CHICTe@MAa MQJICKY.I fa3a, HAXOMAWAACA B COCTOAHHH, OT.1M4HOM 
OT Han6o.1ee BEPOATHOFO, YCTOMYABOLO, BCKOPEC CaMOCTOATCIb- 
Ho MpHAeT K YCTOHYHBOMy COCTOIHHIO Ti ocraneTca B ifeM. 
EcaqH Mbl, HallpHMep, MPHBeEAeEM B COMPHKOCHOBEHME yepes Tell- 
JONPOBOAHYIO CTCHKY ABE NOPUHH Pasa © PasIHUNbIMH Cpe-THH- 
MH 3HEPrHAMH MOJie€KY.1 (T. @. C pasJMUHbIMH TemmepatTypaMi), 
ro 06 MopunH raza BCKOpe OKaAyTem TPH OHHAKOBOH TCM- 
uepatype. Ec. MBI yOepem Neperopodky, TO ras 6ymeT CaMO- 
HpPOU3SBOIbHO TNepemMeulaTbea Vi pacnipesewuTcA Mo oObeMYy 
papHomMepHo, Takum o6pa30M, TeMAOMPOBOANOCTD Hi mupipy- 
SHS SPBSISIOTCH KMAKPOCKONHYECKHM> BbIPAaKCHHEM CTATHCTH- 
UueCCKOIL 3AKOHOMEPHOCTH Mepexo la OF MaIOBeEPOATHOFO COCTOA- 
HA K 6oslee BEPOHTHOMY. 

MoxKHO BBIUHCANTb SHTpomMo S paBuoBecHOro COCTOMHHA 
rasa, BbIPasHB ce wepes PY WKILWIO pacnpe.cacHHa MOJI€K Yu 


O CKOPOCTAM, Hell BEPOATHOCTL COCTORITM. Qro pEIpaKcnHue 
Meet BIL 
S==k,InP+c,* (3.25) 
rie P— BeposMTHOCTh COCTOAINIM, 
C -—wekoTopasd MoctTosinHad. 

Surponua paBropeciioro CocTomUAA Teas HIpOMOPUHOHa.Ib- 
Ha jqorapudpMy BeposTHOCTH COCTOAHHA ra3a. CaMOnpOW3BO0-Ib- 
Hoe yaeliuelhe SHTPOMHM MOMYTACT, TAKUM OOPasoM, WardAA- 
Hoe TOJKOBaHHe Kak YBeTHYeHMe BeEPpOATHOCTH COCTOAHHS. 


—__ 


* Surponia, BLIpaKenHad TWPEes yucca MO.eky. B AucHKaX o6beMa 


if BEPOATHOCTH npeopBatHs B THX, HpHTHMaer BH YL: 
¥ 


¥ 
S=Rk > n, log = k DD p; oe Pj +, (3,26) 
1 [wal 
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Bropoe aualo TepMOAHHAMHKH ABAACTCA 3aKOHOM CTaTH- 
CTHYCCKOTO THIa, CUPaBeINBbIM TOJIBKO JIS) MACCOBBIX HB.AC- 
HHH. J]1a MaJIbIX KOJIHYCCTB MOJIEKY.1 SHTPONHA MOKeT HHOrLA 
HCHbITDIBATh CJIYYaHHbIe CAaMOIMPOH3BO.IbHbIe YMCHBUICHHA I 
BTOpoe Hayao OyAeT CNPaBeTHBbIM TOJIbKO B CpeqHemM no 
BPCMeHH. SaKOHbI Ta30BOroO COCTOAHUA SABJIAIOTCA 3aKOHAMH 
CTaTHCTHYeCKOFO THIia. 

JipyruiM NpuMepoM TIOMOTBOPHOTO MpHMeHeHHA cTaTHuCTH- 
YECKHX MeTOOB, Ha STOT Pa3 kK BOMpocam Nepesaun curHaa, 
ABNACTCA TCOPHA HHDPOPMALMHH, HEKOTOPHle MOMORKeHMA KOTO- 
poli MLI PacCCMOTPHM B CJIenyloulell rape. 
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CAA BA 4 


KOUHYVECTBO HHOOPMAIHH 


IIpH lpoOCkTHPOBaH HW CO3MAHHY CHCTeM, padoralouwix 
C CHrHaTaMH, B UACTUOCTH KallasIOB CBH3H, HCTOCTATONHO WO/L- 
XOJNTb K pelmenHIo 3a1a4H TOIbKO C TOUKH 3pcHiia MUsHKH 
Hur aHepreTHKH. papa, (pisnyeckue Mpouecehl, NPOHCXxo,1sI- 
WIC B Kallacsie, BECbMa CVINCCTBCHHbI H UX NapakrepHcTikaMyt 
HC.Ip3st mpeneOperath, TAK KaK CHIHat €CTb (pUsHyeCK HI 
npouece. OHakO OPPaHHYHBATbCA TOTbKO pacCMOTpeHHeM 
()USUYCCKIUX MpokeccOB Kak TAKOBDIX — SHavHT YNyCKaTb U3 
BILLY CaMOe FIaBHOC, PAaAH Yero CO3MacTCA Kallacd CBASI. DTM 
MIQBHbIM SIBISeTCH KOUHYeECTBO HUMOpMAIWNH, Mepe- 
nanaemoll 6c3 HCKaxKenit B CANUMILy Bpemenu, Takum oOpa- 
50M. Mbl TIPHXOAUM K HCOOXOAHMOCTH HMCTb YHCATCHTTYIO MCPy 
KO-CTHUCCTBA TWMPOPMaWHH. 


HncbopmMallHOHHan @MKOCTb 


C ycTanoBJeHHs ONeHKH KOJHUCCTBa Hi@OpMauHH mocpey- 
CTROM UHCa Haunuaerca WoBast OTpac/b TCOPHH CBA3H— 
TCOPHAANUDMOp MAM, KoTOPaN paccmaTpiuRaeTr BONPO- 
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Cbl O NPONYCKHOM CMOCO6HOCTH KaHa.10B CBABH, 0 HanJyuiwem 
KOAHPOBaHHH HHPOPMAalMH H BBIBOHT Mpeledpuble cooTHo- 
IMCHHA AIA KOJMYCCTBA HHDOPMAMMH, KOTOPOe MOXKeT ObITb 
NepeAdHO MO KaHaJly B CAMHHUY BpeMeHH. Irv cooTHOoUeHHA 
B TCOPHH CBA3H NO UX 3HAYeHHIO MOMKHO CPaBHHTbh C 3aKOHOM 
COXpaHeNHA SHEPrHuH B aHepreruKe. Tlog06Ho Tomy Kak 
B SHEpreTHKe, KOJHYCCTBO SHEPIHH, OTaBaeMoe sHepreruye- 
CKOH MalUHHOM, He MOXKeT ObITh Goble KONNUeCTBA noTpe6- 
JIACMOHW €10 SHEPIHH, B TeOPIit HH*OpMallHM KOJINUeCTBO HH@op- 
MallHH, NepefaBaemoe 6e3 OWHOOK B eAHHUILY BPeMeHH, He Mo- 
KET ObITh OOMbIWe MpPOMycKHOH CNOCOGHOCTH KaHaaa. 

Kak xke OWe€HHTb KoguYecTBO HHopmManun? Kax sto Hu 
CTpavHO C N@pBOro B3rviAa, HO AIA YNCJeCHHOM OWeHKH KOJIH- 
YeCTBa HHMOpMauNH, T. e. KOTMYeCTBa CORepxKaHUs, CMBICTA 
CHrHaJla, HEOOXOAMMO Mpexe Bcero OTBJeubcaA OT 9TOFO Co- 
ACPRauHsA, OT CMBICd, OT CEMaHTHKH. Bnpouem cTpaHHocTb 
STOFO TOJbKO Kakyulaacd. LIpm wO6bIX KOJIMYeCTBEHHBIX pacue- 
TaX BC CTHHHIbI TCPAIOT CBOIO HHAMBUAYAaIbHOCTA HW CTraHo- 
BATCH Ka¥eCCTBEHHO OAHHAKOBbIMH. UToOn Bocnob30BaTeca, 
HalipHMep, apHdMeTuKol wu anre6po aula Kakoro-IH60 KOH- 
KPeTHOPO pacueTa, MbI JOJDKHbI peje Bcero OTOPOCHTb 9TY 
KOHKPeTHOCTb MU NepeHTH K 4HNCy BOOGue. To *%e cnpaBenau- 
BO OTHOCHTCJIBHO POPMAJbHO! JIOTHKH HW ApPyrux TeopeTHyecKHX 
TH CHH TIAN. 

ECM MbI llepeCTaHeM HHTepecoBaTbCa CeMaHTHKOM co06- 
Niel, T, €. OTBCYeMCA OT KOHKPeTHOrO CosepxKaHHA Toro 
COObITHH, O KOTOPOM Tlepelalorca HAM 3aNMchiBaloTca coobule- 
HHA, TO y HAC OCTAHETCA TOMbKO MHOXKECTBO OTJHYHbIX APYF OT 
Jipyra COCTOAHHH. Kakoe Obl peadbHoe COObITHE MbI HH ONHCHI- 
BaJIH: CTPOHTeAbCTBO OMA HJIA MpOH3BOACTBO aBTOMOOHUEeli, 
XO CIOPTHBHOrO COPeCBHOBaHHA HW BOCHHOH OnepaluH, co- 
CTOMHHe PUSH4ECKOH CHCTeMbl HAM XO XHMHYCCKOH peakUHH, 
cyMbOy OTACIbHOrO YeJOBeKa HH MCTOPpHIO Haposa—j1o6o0e 
cOObITHe B KaKbIll MOMCHT BPeMeHH MOMEeT HaXOHTHCH 
B O2HOM 113 OobUIOrO YNCa BO3MOXHDBIX cocTrosnni. Omu- 
Canwe COObITHA eCTb He YTO HHO, KAK YKa3aHHe Ha TO, B Ka- 
KOM H3 BO3MOMKHBIX COCTOAHHH HaXORHTCA OMHCHIBAeMBII 
OObeKT, 

IIporekaHve CO6bITHA BO BDE€MeHH ecTb CMeHa 93THX Co- 
CTOAMHH, BAIOPAaHHbIX H3 YHCIa BO3MOXHDIX, Pa3inunble KOH- 
KpeTHble COObITHA OTJHYAIOTCH Wpyr OT Apyra YCIOM BO3MOX- 
HbIX COCTOAHHH H oco6eHHocTamu Bbl6opa. MuoxectsBo B03- 
MOMKHDIX COCTOAMHHH MOKET ObITh WHCKPETHBIM HJIM HeMmpepbiB- 
HbIM, Mpe€AcTaBIATh COOOll OHY BEAHYHHY HAH COBOKYNHOCTb 
MHOVHN BCTHUHI. 
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Takum OOpa3oM, HNOpMAallHA B OTB.IeYCHHOM BHJe, 6e3 
KOUKPCTHOPO CMbIC1a COOOULEHHS, eCrb MpocTo BLIOOPp He- 
KOTOPOrO ONpeIeachHoro BIEMeHTA H3 MHOKeCTBA BOSMOXK- 
HbIX. KarvKOMY COCTOANHIO COObITHA MOKET OblITb NPHBEAeHO 
B COOTBETCTBHE ONPeLeTeHHoOe COCTOMHHe (i3sWduecKorO Mmpo- 
eecca, WpexcraBssioiwero coGolt cura. Tlocpiika cooOuenns 
0 COObITHH eCTb, TAKHM OO6pa30M, BbIOop onpeseseHHorO CHM- 
BONA CHrHadla H3 MHOXKeCTBA BOSMOXKHBIX CHMBO.IOB, OW1eMCHTHI 
MiOXKeCTBA CHPHAcIbHbIX CHMBOJIOB, TOJOOHO COCTOAHHAM OMH- 
ChIBAeMOLO COObITHA, MOLYT ObITb JIHOO JHCKPeTHbIMH CHMBO.Ta- 
Mit (OVKBbI NeyaTHOrO TeKCTAa, TOUKH H TIpe Teserpaguoit a30y- 
KH, UN@PbI), WSO HENPePhIBHDIMH (BbICOTa 3BYKOBOTO Tola, 
AMILIATY1a KOJ1COaHHa). 

BysteM Ha3blBaTb MHOKe€CTBO BO3MOMHDIX COCTOSHHH HK 
CHMBOcIOB «CHrHada aadbaBUuTOM CHIHadla, a COCTOHHHC 
(pusnyeckoro OGbeKTa HIH Wpouecca, peatMsylollee STOT avl- 
dapur, PHSHYECKHM alpaBuTOM. OTAeIbHbIT CHMBOWI 
MOXHO Ha3blBaTb OYKBOH addaButTa, a CepHio HM KOMOH- 
HaMHIO CHMBOJOB—C.10BOM B aacasnte. ITpocteliium mpH- 
MepOM JLHCKpeTHoOro alaBHTa ABARETCH apaBHT, COCTOS- 
WHT H3 {IBYX CHMBOIOB: O H 1, HOH -+- H -~, WH Oa uw HeT i 
TaK Madec, 

Uro6Obl NOLONTH K OMPeAeeCHHIO HHC.TOBOIL Mepbl KOJIMUECT- 
Ba HHOPMAILNH, HCOOXOLMMO TpexKAe Bcero COCTaBHTb npei- 
craBseHne 06 O6bEMC MHOMKECTBA BOSMOKHBIX COOOWICHHH, H3 
KOTOPOrO NPOHSBOAHTCH BbIOOP, a 3aTeM YTOWHHTb Xapaktep 
camMoro Bbloopa, 

Tain AMCKpeTHBIX aJi@aBHTOB MWoOscKeT YHCa BOSMOMHDIN 
COOGOUICHHT, COCTOALIHX H3 3afaHHOrO Uicla CHMBO-1OB, He 
cocraBaser tpyia. Ect B aadasute N 6yks, TO YHC1O BOS- 
MOXKHDBIX CsIOB, COCTOALHX H3 ” OYKB KaxkKoe, paBHo Nv 
(omly 6yKBY MO?KHO BbIOpatb N cnoco6awll, "Be OykBbl — N? 
cnoco6aMH,... ft 6yKB— N” cnoco6ami). 

JLad MenpepbIBHLIX alPaBHTOB UMCIO BO3MORKIDBIX COOOLIC- 
unit GecKOHeYHO BeJHKO. OgHako HeipepbiBHadA BevIHYHHd, 
BAMIOILANCH CHTiaOM, BCerya H3BeCTHa C HeKOTOpOl oln6- 
Koil, O6s3aHNOli WyMy. Tloytomy ¢ TOYHICThIO LO onycTH Mol 
OWINOKH 9Ta BeIHYHHA MOXKeT GObITD IpeAcTaBTeHa Bo BHAC 
NMCKPCTHBIX 3HAYeHHH (HIN, Kak TOBOPAT, «KBAHTOBAH a>). 
Hanwune wyMa He TO3BO.1KeT PeaH30BaTb H HCHOAb3OBaTb 
6eCKOHCUHO OOJIbIOe MHO*KEecTBO COOOUIEHHH B HempePpEBHOM 
anpapute. Mbt ye BHUCIH, KakKHM o6pa30M MOKHO Helpe- 
PHIBHYIO (PYHKILHIO BPEMCHH C OPPAHHYeHHBIM CICKTPOM Ht C or- 
pAHHYeHHO! AMILINTyION B OfpanHveHHOM HHTePBadle BpemMe- 
HH TpelcTaBUTh B BHC KOHCYHAI MOCTCAOBATCABHOCTH KOHCT: 
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HBIX AMCKPe€THBIX BeINUn. KBanroBaunen STHX BeIHYHH MOX- 
HO MpeCAcTaBHTb s06ylo TaKy1o @YHKUHIO B BH_e KoHeUyoro 
MHO2KECTBa YHCE € KOHEYHLIM YHCWIOM Pa3panoB. Takum o6pa- 
4OM, MOMKHO CBECTH HeMpepbIBHbIfi alPaBUuT K AHCKPeCTHOMy Hi 
H€pCCuHTaTbh BCE BOBMOXKHDbIe HeENPePBIBHbIe cCooouleHua 4 
B 9TOM CJlyuae, 

ITepecuntasp nos06HbIM O6pa30M BCe BO3MOXKEDIE TPex- 
WMNYTHBIC =TeTeOHHbIe ~—pa3sroBoppT pH wWooce yactor 
4000 rep # pa36ueuny aMIWIHTYbi KBAHTOBaHHeM Ha 32 3na- 
YeHHA, MbI MOYYHM Yeo 17200002 (CqHHHLYy C 2ByMa MHA- 
‘HOWaMH HywJeH). Pasymeetcs, cpequ NepecuHTaHHblX TAKUM 
06pa30M pa3roBopoB TORABAIOULAA YaCTh OKAKETCA BOTHD- 
Ile@H OecembIcmuei uy NpOCTO Ha6OpoM 3ByKop. 

/\sIt Texerpamhpr u3 10 caop no 5 OyYKB KaKAoe KovlMyecT- 
BO BC€X BOBMOMKHDIX (B TOM UHCIe Y OeCCMBICJICHHBIX) Teder- 
PaMM paBHo N? = 3250~ 1 (75. Jia nepexaun onoro coooule- 
HWA, COCTOAULeErO B BEIGOPe OAHOrTO 3 ABYX CHMBO.IOB, YHCvI9O 
BOSMOMKHBIX COOOULeEHHH paBHo 2. 


Hrak, 3Haq aabasur x AWIHTCBUOCTh Hepeayu, MOK 
NOACUHTATbh YHCIO BOSMOXKHBIX COOOILeHHI, us KOTOPBIX IIpo- 
NSBOMHTCA BbIOOp Mp KaxKLOli nepenaue. Mui NOMOULIH K On- 
DeAe@TeHHIO HHDPOPMARHOHHOR emKoc TH CHCTeEMBI, 
Nepeaoulel WH 3anacaiouell HHopMaunw, B 1928 r. Xapt- 
TH NDCAIOKHT OWCHHBATb HH@OPMAMHOHHYIO eMKOCTb cucTe- 
Mbt TOrapHY@MOM yYHeTAa BOSMOKHDIX COCTOAHUA CcHcTe- 
MBI. Tak, eclH cucTeMa Moxer HaXOZHTbCA B N BO3MOXKHDBIX 


COCTOAHHAX H BCe ee COCTOAHHA B3AHMHO HC3aBHCHMBI, To ee 
CMKOCTb PpaBHa | 


C= log N. (4.1) 


JIpe Takue cHCTeMBI BMectTe OyayT, oveBuguo, umetp N? 
COCTOAHHH (KaxKNOMY cocTOAHUIO NepBOH coorBercrsyer N 
BOSMOMKHBIX COCTOAHHIL BTopo!i). Cle OBaTebHO, e@MKOCTH 
ABYX CHCTe€M CocTaBHT 


C= log N? —=2log N = 2C,, (4.2) 


T. C. OHa OYAeT BABOe GOJbLIe, YeM eMKOCTH OJHOH CHCT@MBI. 
OueBHaHO, 4YTO eMKOCTB Tpex CHCT€M B TaKOM ONpexejweHua 
OyteT BTpoe Goubule, a eMKOcTD PR CHCT€EM — B Rk pa3 Oo.lbuie; 
APYrHMH CJIOBAMY, EMKOCTb ANNHTHBHAa. 


C MOMOUIbIO MepBI, mpenToxKenHOT XapTsu, pa6ota cuc- 
TEMBI, COCTOAMAA B MPOXOKAEHMN TAKPOB, MOKET 6BITb OTI- 
Calta TAKUM 06pa30m, UTO eMKOCTL 6yzeT BO3pacTaTh MuUNefNO 
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C YBEHUCIHCM UHCa TaKTOB, T. ¢. NMPONOPUHOHaIbHO BPe- 
MeliW paGoTb. Stu JMHelHDIe COOTHOWEHHA Le1aioT yLOOHbI- 
MH pac¥CThI H OMpaBAbIBAlOT NDHMeHeCHHe sorapHpMHnyecKOll 
Mepbl emKocTH. Tlockouibky B KAYeCTBe CHCTeM, 3alacalollHx 
HI(OpMallNo, WPHMeHAIOTCA pele HIM Jpyrne YCTPOHcTBa, 
HMCIOULHC TOJIbKO 2Ba YCTOHYUBBIX COCTOHHHA, OCHOBAHHE J10- 
rapH@Ma yHOOHO B3ATb PaBHbIM ABYM. Tora NpHcoeqHHeHHe 
K CX€M€ LONOJNHTCIBHOFO ‘pee YBeEHYNT CMKOCTb CX€MbI Ha 
© IMHULY. 

Uro6pt moOMOfTH K ONpeseeuHO NOHATHHA KOAHYeCTBa HII 
(POPMALLHH, HCOOXOAMMO TipeACTaBUTb ce6e, Kak 3aMOJHACTC HI 
HHDOPMAUHOHHAA EMKOCTb KaHaJla MH Kakas UaCTb CC mevct- 
BUTCJIbHO HCMOJb3yeTca mpH nepenaye. Mp yxKe BHTCIN, ATO 
YACTb Me PCCUHTAHHBIX HAMH pa3roBOPoB H TeerpaMM 6eCCMBIC- 
aeHUbI, T. €. HHKOPa He BCTpeTATCA B PeavJIbHoll Nepemarc. 
Craio ObITb, MPH HCMOJb30BaHHI Kalasla HeEKOTOPble COCTO- 
HHA HdIH COOOUWIEHHA HHKOPMLa He BCTpeualoTcs, Apyrve BCTpc- 
yaloTcs pemkKo, TpetbH—uacto. Ilo-BHquMoMy, Ala NepeAai 
TOAbKO <Pa3YMHBIX>, T. €. peabHO BCTPeyaloulHxcs coodule- 
Hufi, B MIPHHNe MOANO ObL10 Obl OGOONTHCh KANaTOM C MED: 
HIei} @MKOCTDIO. 

TIpencraBuM ceOa B pollH aApecara, Harodamlerocs Ha 
MpHeMHOM KOHIG KaHala CBASH. Mur modyuaemM pa3.THY¥Hble 
COOOILEHHA, KOTOPbDIe HCNOAHAeM HH 3amOMHHaecM., Mrtyn- 
THBHO SICHO, UTO He BCe CepHH COOOMLEHHM BCTPeualoT C Haiell 
CTOPOHbI OMHHAKOBOe CYOBCKTHBHOE OTHOMCHHEC. Cayyaetca, 
YTO COOBUICEHHA OKAa3bIBalOTCH «HHTePeCHBIMH», <IHOBbIMH>, 
<HEOMULAHHBIMU». Caydaetca HW Tak, YTO MBI He NoOTyuaeM 
qaiuero HoBoro», «Bce 6e3 MepeMeH» «BCe MH Tak ODIO ACHO 
gapanee». nT, a. Ec Bee Modlydaemble COOOUICHHA =ONHa- 
KOBbI IWIH 3apahee H3BECTHbI WI eC n3 NpeAbUYOMX MOXKHO 
ONHO3HAUHO BbIBECTH MocdtexyloulMe, TO, CCTECTBEHHO, MbI Ie 
v3HaemM HHYeroO HOBOPO, T. ¢. Oy eM MOTydaTh KOAHYCCTBO HIl- 
(POPMALHH, PaBHOC Hy-Tto. 

[lomuute, Kak OHH H3 repoen JKIO1A Bepua—xky piHaIHcrt 
leqeon Cnuaner—nepetapat mo Tele®ouy riaBy H3 6u6.1HE 
TO.IbKO JWI TOTO, UTOOb! He MaTb BOSMOATTOCTH KONKYPH- 
PYIOMINM penopTepaM BOCTIOJIL3OBATbCA TCH. Bea ocTpo- 
Ta CHTyalMH 3aklouaeTcA B TOM, NTO Criiaser HCMO.Tb- 
3yeT JINHHIO HesembiM OOpa3soM, T. C. MepelaeT OOL{CH3BeCT- 
NblM TEKCT. 

Cooobulenua «HiITepecHbIy, Mbl Y3HaeM H3 HHX HOBOCTH 
H TodyuaeM HHPOpMAUnIO TOKO Tora, Korfla OHH «HeOKI- 
MAHHDbIO HIM, JIYUUIe CKa3saTb, CY yalin bl. Dror TepMill 
COLCKTHBCH H TONCH H, KpOMe TOPS, MOBBATHCT HepeltTH OT Mi 
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TYHTHBHOFO H MCHXOMOrHYyecKoro ONPeAevleHHA CHTYaUNH «HO- 
BHSHb>> HI = «<HeOKUAAHHOCTHY xK OObCKTHBHOMy cTaru- 
CTHYCCKOMY ONHCaHHIO SBuIeHHI, 43 KOTOPOrO NMO.1HOCTbIO 
HICK NOUVaAeTCH Kakad Obl TO Un OpLTa NPOH3SBO.IbHOCTh oOLe- 
IDOK, 

Pa3ymeertcg, CTYYaHHOCTb, KoTOpag BXONUT, TakHM O6pa- 
30M, 8&8 BbIOOP coo6uleHHA u3 MHOACCTBA 'BOSMOMKHBIX, HMeer 
HCTOUHHKOM CJ1yualiHnrtt XdpakTe€p ONMHChIBae€MOrO CO6BITH. 
B monckax Meppl KowHmuectRBa HH@OPMAalHH MEI AOMKHE 06- 
PaTuTbesa K MeCTONaM TeopHH BePOATHOcTeH. 


Mepa koumuectsa HH@opMaunn 


Besikoe coo6menue, NepezaBaeMoe MO KaHasly wiv (pukK- 
CHPYCMO€ B 3aNOMHHaIOuleM yerTpoficrre, COOTBETCTBYeT HeKO- 
TOPDOMY ONpeeeHHOMY COCTOAHHIO BHEUIHero ABJICHHA, O KO- 
TOPOM Mepejlaiotca coo6uenus, Bueurpee ABJICHHe HH co- 
OLITHeE MpenctaBAneT cobo;t HCTOYHHK COO6WmICHHA HAH 
HNCTOUHHK HH®opMaunn. Te uau wpe COCTOAHHA BHELIHero 
ABICHHA HaCTYNaloT 4acTO HIM peaKO B 3aBHCHMocTH OT Xa- 
PakTepa TeX 3akONOB IpHpogbl, no KOTOPBIM 3TO ABJIeHHe Tpo- 
TeKaer. IlockombKy teyenHe onucpBaeMoro ABICHHA B Oymy- 
HIeM HeW3BeCTHO (HHaYe O HEM He 6bWIO Obl cMBICIA Ie- 
PeMaBaTb COOOIMeHHA), MOXKHO FOBOPHTb TOIbKO o yacToTax 
It O BCPOATHOCTAX HaCTYMI€HHA TeX WIM WHbIX cOcTOAHUIT. 
B cBa3v c 3THM pa3jMuHbie COOOWeHHA, KaxKOe 13 KOTO- 
PBIX COOTBETCTBYe€T OMpeqeeHHOMy COCTOSHHIO onuchBae- 
MOroO SIBJICHUA, TakoKe IpHo6petawr onperesenunse Bepont- 
HOCTH. 


PacnOJOKHM BCC BO3MOXKHBIE CoObULeHIA A, B HeKoropom 
HOPAAKe H MPHNHINeM KaxKAOMy 3 HAX BepoATHOCTD P., pas- 


HY!O "BEPOATHOCTH HOABeHHA 3TOFO COOOLICHHA B peanbHOH ne- 
peqaye. Mp 6ynem umertp KOHEYHYIO CXEMY, COCTOALLYIO 
13 MOJIHOM CHCTeMbI MonapHO HeCOBMeCTHMBIX coOBITHH (co- 
oOuleHHH) A,, 3aaHHbIx BMecTe ¢ Hx BEPOATHOCTAMH, 


Koueunas CXCM4 MOMKeT ObITb SaAHHCaHd Tak: 
Ay Ay Ags AA 
P, P, P, *¢ P 


t 


P 


i . * ¢ Hl 


(4.3) 


IIpu Kako mepenaye NIPOH3BOAUTCA BbIOOp OHOorO 13 
SJIEMEHTOB A, CXEMbI B COOTBETCTBHH C paciipewenennem Bepo- 


aruocten, [last Kaxkjot nepexau KaKoe-To cOOONLeHHe Oyler 
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O6sN3aTeIbHO BLIOpaHo, NOITOMy CYMMa_ BCCX BePOATHOCTCH 
foubKHa OpITh pabBHa CAANHTEC 


y ee I. (4-4) 


Hlexoropple u3 P, Moryt ObITh PABHLE HYHO, 


Beakad KOHeUHad CXeda MpesAcTaBaneT HCKO OPYlO Heonpe- 
‘OJICHHOCTh BbIOOpa cc BEMCHTOB, KOTOpaH CHHMaCTCH MOCTE 
pore, KaK BHIOOp NpOUsBe ACH. Crenmeub 93TOH Heonpe .eICHHOCTH 
passmHuna B pasWuHbIX CXCMAX, Heonperyesenuoctb, Mo-BHAN- 
MOMY, BO3pacTaeT, CIN Bo3pacTaeT UJICJIO QJEMCHTOB CX€MbI 
Hpi paBloMepHOM pacnipeqewennH Bepoatuoctell. Tp oAnia- 
KOBOM UHCde 3eMcCHTOB CXeMbl Heonpe,(eACHHOCTD BO3spacTaeT 
Ho Mepe NpuGsmKeHHs Pacpe LECH BepOATH CTH K PpaBno- 


r : . (A, As we 
Meplluay. Tak, MO-BIJWIMOMY, CXEMa | ye cen OOND- 
\ fo ry/ 
B, Bes 


INYIO HEOLPCACSICHHOCTb, YeM EXCAa ( hs Leon pe 
\ 0,01 0,99 / 


eJCMHOCTh HCuCsaeT BOBCC, CCT OAHA NS BeposnTHOcTeH CTa- 
HOBHTCA PaBHOll C/AANHIIILe, 

sMepa reompedesecunocrH BLIOOPa B LAHHOl KOHCUNOH CXC- 
we HH ABasieTca Mepolt KO.THueCTBA HHOPMAWHH Wa OFLHH Bbl- 
Gop, 1ak Kak BbIOOP CHHMACT Heonpementennocth. Mepa Heolr- 
peleTeHHOCTH BHI6opa ITH KO-THUeCTBA HH(opMalun Ha OAWY 
BLIGOP OKA ObITL (PyUKUHCH BCeX BepositHocTeH P,, H3Mec- 
HATCH HCMpPCPHIBNO TPH HeUpPePpbIBHOM u3sMeneunH =P, Wy, 


d 
Kpome TOrO, NPHHHMaTb MakeHMadbuoe 3aueiie B TOM CTY- 
uae, KOP4a BCC BCpOATHOCTH paBHbl APY -APYTy. 
K. UaHHou, KOTOPOMy NPHHAAMewuT Bac yra HWOCTANOBKH 
ytoro BONpOca, HOKa3a.1, UTO ITHM H HCKOTOPbIM OMOAHHTC Ab - 
HbIM TPeCOOBAHHAM Y-AOBATCTBOPACT (PYHKIM 


H{==--k y rE. log Fs. ie! 
i= 1 


rye Rk —- NOcTORHNAA, OHpe keel AO Wha 2 CLM WILY H3MePpCHid. 


Butz sroit MYUKUNH COBMATACT © BLIPAKCHHeEM ILI SHTP? 
HHH B cTAaTHCTHNeCKOH H3HKe, NpPHYeM sto coBnameHHe cy 
HleCTBeHHO, a He TODKO (POPpMabIO. IlostTomMy BeHUNHa A, 
Toc WasEanie STP OIE COBO KITE pepostioctel P. 
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Is TeX CTYUASX, KOPAA OYHET BOSHHKATD ONACHOCTL NYTAHHLLDbT, 
Mbi OYeM Wa3bIBATb COOTBETCTBYIOINNe BEHIND (pH3nUe- 
CKOH H HHQOPMAlHORUOlL SHTPONHsME, 

B KavecTBe CQUHHUbI H3MepeHua KOTHUCCTBA HUPOpMauult 
HH SHTPONHH MPHHUM4GeTCH CAHHMYHDI BbIGOP H3 JBYX paB- 
HOBCPOATHBIX BO3MOXKHOCTeH. JLaa sToro cayuan H=1; nora- 
pudM, Kak H B Cayyae Mepbl Xaptau, Gepetcs pu OCHOBaHHH 
2. OTHM onpeszetacTes noctrosHuad k= I. 


I | i ] l 
ff € ‘ <= -— (3 log Bo ot Oe z) =~ 


AwaOrMuHo Mepe Xaptiu 3uTpomNA Bo3spacracr nponop- 
HHOHATbHO YHCY MOCAeCOBaTeJIbHBIX BbLI6OpoB. Jinx onno- 
KpaTHoro BbIOOpa H3 ABYX BO3MO2KHOCTeH Cc HepaBHbIMH Be- 
poaTHocTAMH p iq (p+q=1) suTponna NpunuMaer pagi4- 
HbI€ 3HaYCHHS BRB mpeletax 
M@*KAY HYyJeM H eRHHHILCH 
(puc. 4.1). Korga p crpemur- 
CH OK Wy.uO WIM CHE, 
r. ¢. Kora BbIOOp OKa3bIBaeT- 
CA SapaHee lIpeTompeseleu- 
HbIM, SHTPOMNNA paBHa HyI0 
B NOJIHOM COOTBETCTBHU C Ha- 
IIHMH HilTYHTHBHBIMH § TIped- 
cTaBeHHAMU. MakcuMyM 93i- 
TPOMHH COOTBeTCTBYeT HaH- 
OO.1bIUCH = =HCOMpeeeHIOCcTH 
BbIOOpa, T. C. PaBHBIM Bepo- 
SATHOCTAM. B 3TOM culyyae 
SHTPONHA paBHa UNdopMa- 


(4.6) 





ILHOHHOH @MKOCTH MHOKecTBa 
BOSMOMKHBIX cooomenduH. Jaa 
JIOOOTO MHOXKECTBA BbIDABHII- 


Puc. 4.1. 3aBucumMoctb sutponnu 
OT BEPOATHOCTH B CJly4ae BLIGOpa 
13 ABYX BO3MO%KHOCTeH Cc BepoHT- 


BaHHe BepOATHOCTeH BeleT K HOCTAMN pu l— p, 


YBCJIHY@HHIO SHTPONHH. JH- 

TPOMMA OAHHOUHOTO BLIOopa H3 MHOxecTBa N coobulexnit wan 
CHMBOVJIOB, TIPHBCAeHHAA B (hopMyvle (4.5), mpencraBasaer co- 
OoH DUTPONMHIO HACHMBOWJ TNepeqaBaemoro cooblmeHHaA. 
HHorga 3TY BeIHYHHY Ha3blBalOT TakxKe <«cosepxKaTebHO- 
CTbIO OHHOUHOTO COOOMleHHAD>. 

Hurepecno orMerutb, uro Xapran, mpewoxKHB Mepy eMKO- 
‘TH CHCTCMbI WIA 3arlacaHHa HHDOPMALMil pH paBHoBepost- 
HOM HCNOJIb30BaHHH 3/ICEMEHTOB, OCTAHOBHJICA Mepex Mabueli- 
WIIMH TpyAHOCTAMIT, OH CUHTadT, YTO XApaKTep peanbuoro BBI- 
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Gopa CoOOMleHNA 13 MiuoAKeCTBA UPeeraBiser CoGOH Wpodsdic- 
MY TCHXOOrYeckyIO, @ He MaTeMaTHYeCKyio HM we. WiKcirep- 
uyio. Sacayrolt WlsuHona ABJAeTCH TO, YTO OH BMCCTO HCHXO- 
JIOTWYeCKHX HCHOUb30Ba CTaTHCTHYeCKHe Jaltuple. B pe3y.lb- 
Tate CTaTHCTHYeCKOH NMOCTAHOBKH 3adauH Mepa Xapril 


C =: log N= —~ log 4-== — log P (4.7) 


B3AMCHCHa IHTPOMNch 


fi 
pe cy fp 
H == y P (—log P)), 
i=] 
KOTOPasl AB-NICTCA He YEM HHDIM, KAK MATeMATHYCEKHM OAH- 
anveM (MAM CpeAHHM M0 BEPOSITHOCTH) OTPHWLaTC.buoro -10- 
rapuHdbMa BepOATHOCTH, T. e. Mepbl AaPTVH. 


CaelyeT OTMETHTb, YTO BCHYHHA JHTPONWH OTHOCHTCH He 
kK @HHWYHOMY cooOlkeHHIO, KOTOpoe akTuyecKH BbIOPano, 
a K €QMHHYHOMY BHIOOPY U3 Aalinoro MHOKCCTBA C 34/laH- 
lIbIM pactipefeJeHieM BepOsTHOCTeH. CaeqOBaTCAbHo, 3HITPO- 
Mud XapakTepH3yeT He TO, YTO B AaHHbI MOMeHT Nepean, 
a TO, UTO MOTJO Ob ObITb Mepeano. Muorga Ha3bIBalor 
SHTpOnulo «Mepolt cBOOoOAbI BLI6Opa» HTH KMEPOH AaNPHOPHOTO 
He3HaHHA>. | 

Bul6op cooOuleHHaA Mp Mepewzaye MPOH3BOMNTCA Ha BXOAC 
KaHada CBA3H HCTOUHHKOM COOOIICHHH, T. €. CTYYaHHBIM 
HDOWUeCCOM, OG1aMalOlwHM COOTBETCTBYIOWMMH = CTATHCTHYC- 
CKHMH XapaKkTepHCTHKaMH. CuleqyeT, TAKUM 06pa30M, TOBo- 
DUTb O6 <SHTPOMHH HCTOUNHKA COOOULEHHH. PeaJibHbIM MCTOU- 
HHKOM COOOULCHHM Jia KaHaa CBASH MOKET ObITb H PeNOp- 
rep, Mepelaloumiit coo6uleHHA B TraseTy, HW KIHCHTHI, MOAAIO- 
Wine TeerpaMMbl, H H3Me€PHTeJIbHbIe NpHOophl aproMaTHuc- 
cKoll MeTeocTaHIMH: G6apomerTp, rurpoMeTp, TepMOMeTp H APY" 
rHe, BbLLAIONIMe pe3y.IbTalbl H3MepeHHA Ata Neperayn To Pa- 
uo, H 1. 4. Baxkno, ato B 060M CuTy4ae CyilecTByeT MHOC: 
CTBO BO3MO2KHDIX COOOWeHHHM UH OTIpPeMeICHHble YaCTOTHI HVT 
BEPOATHOCTH OTACIbHBIX COOOULEHHH. Jieyiom Hawero Mpous- 
Bola OyfeT BHIGOp TOrO, 4TO CYHTATb «COOOWCHHEM»: WedTy10 
TelerpaMMY, COBO, SyKBY HIM, HaKOHeH, TOUKy, THPe I May” 
3y rederpadHol as6yKku Mopse. ; | 

SuTponHiO HCTOUNHKA COOOMEHHH MOAXHO HSMCPATb HI 
a CHMBOW, T. @, Ha OAMH BHIOop, HIN B CAMHHUy BpeMeni. 
QHTPONMA Ha CHMBOA, YMHOMKEHHAaA Ha HCO CHMBOJIOB, BbI- 
aBaeMbIX B CAHHUILY BPeMCHH, paBHa SHTPOMMN B CAMHS 
BDEMEHH. 
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EMKOCTL pYccKoro aaBura, BKAIONAN 3HAKM TIpeiHl ans 
H MPONYCKU, MPH 32 BO3MOAHBIX CIMBO.1AX paBiia 


32 
| i 
me y 39 Og 35 = log 32 ==5 edunuy [cumeoa., (4.8) 
I 


EciH MCTOWHMK BbIaer TeKcT Ha PYCCKOM S3bIKe, To ero 
SHTPONHA Ha OYKBY B ABA—Tpu pasa MeuHbILe CMKOCTH a.ta- 
BUTa, T. €. COCTaBJIACT OKOMO 2 eHHHIL Ha OYKBY, MOCKO.IbKy 
B Pea/IbHOM «OCMBICJI€HHOM» TeKCTe CHMBOJBI He Pp aBHOBe- 
POATHBI (HaNpHMep, MarKuit 3HaK BCTpeyaeTCa pee, uem 6ykK- 
Ba «ax). 

OuTponuA TeaerpaMMpl u3 10 caoB (50 3HakoB) paBHa 
UpHOH3uTeABHO 100 eguHHuam. Crpauilla KHHrH cOzepxKUT 
oko0 9000 exuHuu,. KHura B 200 CTPpaHHl,| — oKowo | 000 000 
CIHHHU, Gu6.noTeKa B 100000 tomos — 101! eC NHHUIL, 

PeaJbuble COObITHA, 0 KOTOPHIX TepeatoTca cooomenna, 
ie Beerqa MOryT ONHCbIBATbCAH MpocToh KoHeyHOl cxeMoil. 
Pa3.1M4Hble CTOPOHBI COOBITHA MOTYT MOTpeOoBaTb BBEeeHHA 
HCCKOJIBKHX KOHE4HBIX CXeM («moroya» onucplBaeTca Temne- 
PaTypOH, JaBeHHeM, BMaKHOCThIO, O6a4HOCTHIO HT. Ji). 
TakHM O6pa30M, sBcraeT 3aqaya 06 OnpeleJeHHH KOHYeCTBA 
HHPOPMAWHH CTOKHOTO COOBITHA. 

IlycTb Mbl HMeeM Ba B3AHMHO-HE3aBHCHM bl X COObi- 
Taf Anu Bu aAaA Kawkgoro M3 HX 3aaHa KOHeUHaK cxeMa, 
T. €. MHOMKECTBA BO3MOMHBIX HCXOAOB WIM cocToRHuy A, i 


6, UX Bepoatuoctn. CopmectHoe nosBsenne cocTosHHH A, ui 
B&B, upeactapaseT co6oli cnoxHoe cobmtue 1 OymeT Meth 
OnpeeJIeHHY!O BePOATHOCTD 


P (A; B,) = P (A, P (B,). 


COBOKYMHOCTb TaKIHX CJIOMKHBIX COOBITHI oOpa3yeT HOBYIO Ko- 
WeuHYylO CXeMy, Oovlee OOUIMpHyl0, yeM NepBoHayabuble. Bi- 
Oopy 43 STOH HOBOH cxeMBI COOTBETCTBYCT HOBOe KOJIHNYeCTBO 
HHPOpMalluA CoxHOrO co6nITua H(A, B). 

/Liq He3aBHCHMBIX COOBITHH SHTponnaA cxemMBI caoxKHOrO 
COObITHA PaBHa CyMMe 9HTpONHit mpocrTeix co6siTuii 


H(A, B)=H(A)+H (B). (4.9) 
Jina 1060ro0 4HC.1a HeE3aBHCHMBIX COOBITHII A, B, C.., 
H(A, B, C...)=H(A)+H(B)+H(C)+... (4.10) 


J\s He@3aBHCHMBIX COOLITHH 9HTPONHA auTuBna. 
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Kou 


la HYEU OT He TOUHIKa HHQ@OPMaWU K GApecaly cia. 
MOET TIPOXOAHTb HeCKObKO Pa3JIHUHbIX YYaCTKOB Kalla.ta, 
KaK Ib B OT.THUHOM OT ApPyrux (bu3sHyecKOM aaAdaBute. Tak, 
IPH mepeave NO PaO CHTHa TpewcTaBdneT CoOoH TO 3BY- 
KOBbIG KONeOaHHA, TO KONeCOAHHA QJeKTPHYeCKOTO TOKa, TO 
KOTe6ANHA = 94€KTPOMArHUTHOTO Noa HT. MW. Ha rpanniax 
Y4ACTKOB CHIHacl HCMBITDIBAaCT MpeoOpasoBanve H3 OAHOTO 
(pH3HYeCKOrTO alaBita B Apyroil, MpHyem cofepxaanHe (Hil- 
(bopMalus), T. C. COOTBETCTBHe NepBoHayabHOll PopMe co- 
OOMLCHHA Hel OMHCLIBACMOMY COOBITHIO, COXpaHAeTCaA. 

[Ipco6pa3ya cura 43 ONoro aaaBnta B Apyrou, Mb 
CONOCTABIACM CHMBO.IbI TepBoro adpaBHTa C CHMBOTAaMIT BTO- 
poro. Takoe conoctaB.lenne aipaBATOB Ha3biBaeTcA KO TH- 
poBaHHeM CHrHala, a NpaBMW.IO, MO KOTOPOMy O10 MpOH3- 
BOJMITCH,-- KO OM *. B wacTHOCTH, BCAKOe H3MepeHlie Npes- 
cTaBarner coGoli KOAHPOBalHe H3MePpACMOH Be-THGHNbt B «BBI- 
XOMNOM arapuTe> lWeMepuTembioro npH6opa. BvtxoHpiM 
alpaBHTOM Yale BCerO GTYKHT Mexainyeckoe  CMeILelHe 
CTPCIKH —- HHUKaTopa, MOCKOAbKy ONO <TYdIe BeeCroO BOCIPH- 
IMaeTCd Ye.TOBEKOM. 

put KOAMpOBANHA Meo, OANaKO, HC CBOAHTCA TO-TbKO 
K TOMY, UTOGbI 34MCHUTb OANY PUBHTeCKyIO BeEAMYHHY Apyrol, 
[Ip KOAHpOBAHHH MOMXKCT H3MCHHTbCA MHOMKECTBO CHMBO.108 
H paciipegeteHne BepostHoctell. [Ip KoAHPOBaHHH Mbi MO- 
“KOM COMOCTABHTb OHH CHMBOA MepBoro aldasuta c KoMOH- 
Halluei HIM PpYAMOll CAMBO.1OB BTOPOFO, H HaOOoOpoT, WTH We 
comocTaBHTb Tpyny c rpyrmoit. Tak, mpH KOdMpOBaHHH OyK- 
pennoro Tekcta a36yKoii Mopse 6yKBa pycckoro aidaBura 
comocraBsetes C BYMsA—ceMbIO (CYHTaA MpoMmyckn) CHM- 
BomaMH Teserpaduoro ampasuta. TakumM o6pa30mM mMoryt 
ObITh COMOCTAB-ICHLI Pas. THUHbIe 10 UA(POPMAMYOHNOM eEMKOCTIH 
atpaButhl. [locko.IbKy Mp KOAMPOBalNHH MeHACTCA MHOKECTRO 
CHMBOATOB H pacnpesedsentie BepoATHOCTeH, MOCTO.AbKy MeHseT- 
cs, BOOSIE TOBOPH, H SHTPOMUA Ha CHMBO.T COOOULCHHA. Orcio,4a 
clemyeT, ITO, BLIGHpad OAH H3 BO3MOXKHBIX KOOB, MBI MO- 
“KEM Haliti Takoli KoA, KOTOpHIit HMeeT HaHOOJIbLIy!lO SHTPO- 
HHIO Ha CHMBO.1, IMIH, WHaue, HaHMeHpblliee UYACHO CHMBO.TOB 
Ha laHioe KoTMYecTBO HHCopMauHH. OTOT KOA 6yseT «Han6o- 


* Uacto Ha3blBaloT «KO,JOBOH rpyNNnou> HAH MpOcTO «KO JOM» TpyHily 
CHMBOAIOB — C.10B0 B HeKOTOPOM asidpapute. [oBopsAT, HalpHMep, YTO «ycT- 
poiicrso mamstn xpaHnt 1024 koa». Mbt 6yeM IPpHMeHATb C/IOBO «KON» 
TOKO B CMBICTC UPAaBHda KOHPOBAHHSA, HO nte B CMBICAe COBRA Bat 
aBute. 
nO) 
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HOY JKOUOMIEBDEMS L191 HePpeyLa ut COOOULCHIA, Tak Kak HOPp NM - 
Oyer HANMCHbIUerO GHeela CHMBO.IOB H HAaWMeHbInero BDeMeHII 
HOpCclauH, 

PaccMOTpHM MpuMep, npuBeszenupiit Iifsnnonom, Tyctp uc- 
Patt BbiacT YeTbIpe B3aHMHO-H€3aBHCHMBIX CHMBO.la A, 
B, C, D © Bepostuoctamn, COOTBETCTBEHHO, '/o, "4, Ug V/y. 
liyaye roBops, HcrouHuK H300PamKaetcA KOHeUHOH CcXeMmoili 


fA B i Bae | 
‘ li 1. l! ' (4.11) 
2 4 i8 87 
SUT PONS! HCTOUHHKa, OUCBH THO, PpaBiia 
_ Ee a ee a ea tae | 7 ae 
[1 eS 2 log vot ry log a: -|- gs log zg os 8 ‘ (4. 12) 


PuccMOTPHM Ba KO/La, KOTOPble NePeCBOLLAT 9TH CHMBOJIDI 
B LBOHYIbI avimaBut — (0,1). 
Koj No I: 
1e00. B= Ul, C2240. Weopf 
Kooy Ne 2: 
he AU. Pers, eet I0. Fy 147. 
HoAcunvaemM BepOATHOCTH MOMBJICHHH CHMBOJICB HoBOro aJl- 
aBHTa AI O6OMX KoNOB. JA sTOTO BHINHUIeM BCe CHMBOABI 
HCXOMHOrO alaBHTa B COOTBETCTBHH C HX BePOATHOCTAMH 
HJIH YaCTOTOH HX MOABACHHA H COOTBETCTBYIOINHe KOMOHHALLAH 
CHMBOJIOB HOBOrO alasuTa AIs OOOHX KONOB, a 3aTeM TON- 


CYUTACM UAaCTOTh! MOABJCHIIA MOCTeHHX, 
licxornpit ambasur: 


a om a Be Be OE SD 
Koj Ne ft: 

0) OO OO OO OL OL 10. TI 
Ko Ne: 2: 

0 0 ) QO: 70° 20-°1TO. 


Tloyqcuntaem YacTOTbI NOABICHHA (BeEPOATHOCTI) CUMBO.IOB. 
McxoauHbii atcbaBnr: 


P(A)==4)y== "a, P(B)== "p= 1], P(C)="y, P(D)= "Jy 


Koa Ne I: 
—-- ; i= 10. 
P (0) ori ie P (1) Se SP 
by OLA, A Poste raes , 8] 
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Ket. ve 
is (U) == "fq e Ss at) ny 4 ie ie 


B PpC3y-IbTdT€ KOAHPOBdGHHH Mb NOJIYUHJIH Be HOBbIe KO- 
HCumble CXCMDI. 


Koga No |: 
/ () | . ; 
4), ey. 
Kom Ne 2: 
/ 0 | 


i (4.13) 


IloscunTacM Telepb SNTPONHH Ha CHMBOLT, 
JLin HeXosMoro ampbaBbuta [no Mopmyae (4.12) }: 


Hy= 7), cOunngjenu seo. 
Jan Kosta Ne 1: 


Hye (ig log  fig-b fig log Pig) < O,870, 
dius) Koa Ne 2: 
gets te ee ele Oe) eee 


Ouesugio, uro Koy Ne 2 sBaaerca Gomee IKOHOMHYNDIN, 
uem Kon Nv 1, Tak Kak Kax<dbiil cumBos! Koma No 2 yeeer Gowtb- 
uiee KOJIHUeCTBO HHMOpMAaILMH. 

SakoOsHpoBaB cooOmuleHuan KosOM Ne 2 B andasut (0,1), 
MOMKHO CHOBA BepHyThCa K HCxoAHOMy audaButy (A, B, C, 
D), pocno.b30Banlikcb KOTOM Ne | B OOpaTHOM NopsKe: 
OO—A, O01— B, 10—C, 11—D. Tocae taxoro zsotinoro 
NepeKOAHPOBAHHS MbI MOJIYYHM B HCXOXHOM aJidaBhtTe HOBYIO 
KOHeYHYIO CX€MY C HOBBIMH BepOsATHOCTAMH. Uro6p nmomwcuu- 
TATb 3TH BEPOATHOCTH, CHOBa MpH6erHeM K TOMY >2%Ke MpHemy 

B PCsyJibTaTe MOJTYUHM: 


pP' (A) — Ais Pp! (B\== ae pP! (C) oes I, pi (Des ne 


TakHiM oO6Opa30M, HOBaH KOHeUHaA CxXeMa, Mo.tyyenias 
foc.le MBOHHOrTO NepeKOAHpOBaHRA, G6yLer 


/ \ 
| A B . D ; (4.14) 
Wig. a, Sp 


IKak HETPYAHO BUACTb, SHTPONHH Ha CHMBOJI B HOBOH cxe- 
Me H3 panna 2, T. Cc. IMMMOPMalHOHNOH CMKOCTH TIPHMeHACMOTrO 
amaButa. 


o2 
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MakcuMaabuas SUTpPONHA aliloro anpasuta paBua ero 
HIMPOPMANNOHMOl CMKOCTH I sloeTHraetes MPH PaBelicTBe Be- 
POATHOCTCIL Bcex cuMBOJOB. Beakuti KouKperHBit KOjJL ¢ Olpe- 
JCCHHOM SHTPOMHeli MOXHO OUCHHTb c TOUKH 3PeHHA ero 
IKOHOMHYHOCTH, T, e. G6.IH30CTH ero K ONTHMAaIbHOMY KOJLy, 
ob6anaiouleMy MaKCHMadbHOli sHTponuell. Ta aroro qocta- 
TOWHO B3ATb OTHOINCHHE 3HaYeCHHA SHTPOMMH NaHHOrO Koa 
K M@KCHM4IbHOMY e€€ 3Ha4eHHIO B TOM xe acbaBUuTe. Sto or- 
HOUICHHE HOCHT Ha3BaHHe OTHOCHTCAbHO suTponnn ft 


ee (4.15) 


MaAKC 


fh = 





H 


[lan6oubliee 3HayeHHe oTHOCHTebHON SHTPONHH paBno 
CIHHHUE. 

B BBIMUCIpHBeACHHOM NIpHMepe OTHOCHTebHag SHTponna 
COOOILCHHH B HCXOMIOM ajlcbaBytTe mo cxeme (4.11) papna 
"/4:2=7/g; mocte BoliHoro N€PpCKOAHPOBAHHA OTHOCHTeb- 
Nad SNTPOUHA cTada pasua |. Takum o6Opa3om, ABolitoe nepe- 
KOAHPOBaHHe Malo «cKaTHe» coobulenult B 7/g pasa, T.e. Aas 
nepekayn TOW Ke HHMOpMauHH MO HOBOMY Kony moTpeoyetcs 
YHCAO CHMBOIOB Ha '/s Melibil€, YEM TO HCXOANOMY. 

BEIYHTad BeTHYHHY OTHOCHTCIbHOTI SUTPONHN H3 €e Ma- 
KCHMaJIBHOPO =3HAUCHHA, Mbl MNOJYYHM YHCIO, Ha3bprBaemoc 
H3OBITOUNOCTbHIO KORA FL HF caAyxalitec Mepolt YHCna 
H3HUINHX CHMBOIOB B mepeqauc 

ro=|] — fy az nawe TN : (4.16) 
H aos 


B upipexeHiom BbIe MpHMepe: Qa uCXOANEIX cooblne- 
HH fo== 1—7/g='/3, nna Kona Ne | ry == 1—0,875=0,125, ans 
Koga Ne 2 ro=0, IX OKOHYATeIbDHO Tomy¥eHHOt; cxeMbi 
(4.14) rg=0, . 

H36bITOUHOCTh paBHa HYJO TONBKO pH onTHMasbHOM 
KOAe, Kora NOABJCHHe BC€X CHMBOJIOB He€3aBHCHMO H paB- 
HOBCPOATHO, Kak B Cxeme (4,14). Hepasnomepuoctn pacnpe- 
ACACHHA BepOATHOCTeH, Kak B Cxeme (4.11), HM 2Ke HanuuHe 
BHYTPCHHHX BePOATHOCTHBIX CBAseH (KOPpPeISUNH Merk. 
NOABJCHHAMIT OYKB) YMECHbUIaeT OTHOCHTebHYIO 9IITporto 
H YBCJIMYHBaeT H36bITOUHOCTD. 7 

I]pu cocraBaeHuu TeKcTa MbI DesaemM mo HalWleMy l1PpoOu3Bo- 
‘ly TOPa3O MeHbIIC BLIGOPOB, 4YeM 4HC.I0 6yKB TeKcTa. B cpejl- 
HeM JTHWb '/g—!/,; O6ulero unCa 6yKB NoABAseTCA C1yyaliHo 
BCMeACTBHe BLIOOpa HAMM CMbICIa Mpasbl, mow6opa Bblpaxe- 
HHA HT. JL, @ OCTATbIbIC NPHXOMAT BHINYAMENHO, 6naromapsa 
6* 83 
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HaTEMHO PpaMMaTHlCeKHN SaKONGB CLOBOOOPasoOBalise I Co 
CLaBdleHlis pas. 

H36bITCUHOCTb PyCCKOrUO Ho eBPOHCHCkKoro ABLIKOB MpeBbl- 
1ldcT MOJOBHIHY Ho COCTABASCT, 110 HCKOTOPbIM NowcvweTaM, OT 
0,68 mo 0,75. Mbt moran 6bl BbIPakaTbcA B d—4 Pa3a 1akO- 
HHUHeC, YMcCIl MLI NlO.Tb3OBaTbCH B Kave@CTBeC A3bIKa OJITHMAJb- 
ibIM KoOoM. B 3tom clyyae 00am KOMOHHAalUA OYKB CO- 
CTABAKIa Obl CIOBO, HMeION[@e CMDIC, Oban Taba, COCTOSI- 
las H3 OYKB, MpescraB.isda Obl cO6oll KpoccBopyA, Bce OYKBbI 
H BCC HX KOMOHHAUHU TIPHMeHATHCh Obl OAHHAKOBO UaACTO. 

B jCHiCTBUT@JIbHOCTH, KOHCUNO, B PCaIbHOM S3bIke BeposnT- 
HOCTH NOABACHINA OVKB HO WX CoveTallut WadeKko Ne ON Ha- 
KoBbI. Ec NOMCUHTaATh YACTOTHL MOAB-TCHHA C.1OB, HanpHMep 
B TCerpaMMaXx, TO OKAKeTCH, NTO TAKHE C10Ba, Kak 3adepocu- 
Bab, YeAYIO, OPHbeit GYANT UMCTbh GOclbWHE WaACTOTDI, a Ta- 
KHC, Kak NQNTA WAM GePed OULb Mable. I1paMeplio ro Ke ca- 
Moe HMeer MeCcTO H B Pa3roBOPHOH peu, H B Pra3seTHO-*KY)- 
HaJIbUBIX T@KCT@X, H B Hayulo-TeXHHyeckoH AHTepaType. Bee 
PCAIBHBIe COOGULCHHA, 3aKOMMPOBAHHbIe B CHMBOIbI HalHO- 
HaIbUbIX A3bIKOB, HMCIOT 3UAUHTeJIbIYIO H3ObITOUHOCTH. 

Sror (baktT, KOHCUHO, He C4ysaeH HW He ABAAeTCA HEAOCTAT- 
KOM IIPHUsToro cuoco6a BbIPaKaTb YeMoOBeUeCKHe MBICIH, 
lis6nirouHocTh TMove3Ha, H MOIb3a ee COCTOHT B TOM, UTO 
«H3AULIHHC> CHMBOJIbI NMO3BO1N1I0OT 6e€3 Tpyla HCMpaBJATh 
OWHOKH, ONeUaTKH, KOTOPble BCeraa MOABANIOTCA IPH Mepela- 
Ue HJM BOCMPONBSBeTCHHH HHMOpPMaHH, 

Koneuno, WukaKkoli alrekapb He PUCKHY.1 OLI BbIMOLHINTL 
PCWCHT, HaMlicanHbill THIMWIbIM BpaveOubIM MOUCPKOM, CevTH 
Obl OWWHG6KA B OANOH OYKBe MEeHsa1a COBO ACNHUPUH Na COBO 
CTPuUXAUH. 


Cxopocib nepesaun 


Beakoe yerpolicrao, ocyuecTBAalollee Nepedayy CHrHa-103 
Ha paccTOHHHe, HasblpaeTcd KANHATOM CBA3I IIpuMe- 
pOM MOryT CJYAHTb Teerpad, Te1eMOH, TeeMeTPHYeCKad 
cHucTeMa, HepB %KHBOTHOTO H 1.2. Kanan CBxA3H Ha BNOAHOM 
nepeLalouleM Kole NO.TysaeT HACPOpMAaILMIO B BAe CHT: 
HadloR Of HekoToporo ucTouHHKa. JLatee 9TH CHIHaJdbl MPOXO- 
jit moO Kallay 0 Apyroro ero KOHIla-— BBIXOANOTO Hdl 
IPUHeMUOTO, Trae BbIalOTCA aupecaTty. An®daButT BbIxXOJ- 
HOrO CHIHada HC O6AZATEILHO COBMataer C a(aBUTOM CHT- 
HWadlad Ha BXOje; HHade TOBOPA, B COCTaB KaHaJla CBA3H MOPyT 
BXOJMMTh KOjWIpylouiMe ycTpolicTBa. Tak, Kanadl TeleHSMePeHila 
MOKeT NOAYYATL Wa BNON OT MATIUKA-H3MEPUTEAA D-TCKTPATC- 
St 
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CKO HANPsPKCHHE, @ Ha UpueMIOM KOLO BhIAABaTh KDPIBYIO, 
SalMCaHHylO Ha OyMaxuyto JICHTY. 

ITpu nepexaye curnata no KaHaJly CBA3H Ha CHrHay Tem 
IIH HHBIM TIYT€M BO3JeHCTBYIOT INYMBI IIH ToMexu. B_ pe- 
SyIbTaT€ Ha MPHEMHOM KOHUe KaHaya alpecaT nmowayuaer 
HeuTO OTIHYHOe OT MOCTaHHoro coo6menna — curua., ucKa- 
*KCHHBIM TMoMexon. Ecay PpaCcMaTPHBaTbh BbIXON KaHana Kak 
HCTOURUK COOOMLEHYH wy MOo-CcUHTaTH €rO SHTPONHIO, To OKa- 
‘KETCA, UTO SHTPOMHA Ha BEIXONE Oombuie, 4YeM 9HTponNA Ha 
Bxoge. Konnyectao nadopmanun BO3pOCcJIO, OHaKO ee co- 
ACpKaHHe OTHWAb He OG6OraTHlOcb, TaK KaK COMED aHHeM 
JLOMOJHUTCIBHOK HHDOPMaUHH sBAAeTCH NOMe€Xa, KOTOPanH He 
COOTBETCTBY€T ONHChIBA@MOMY COOBITHIO. 

Ecum MOMeXH BeJIMKH, To Ha BbIXOe KaHaJla OHH Tpeobla- 
AdloT Ha MOMC3HBIM CHTHaJIOM Hu GObIUAT YacTE BbIXO AHBIX 
CHrHaJIOB KaHaJla CT4HOBHTCa He OTHOCALIelica K ACXOAHOMY 
coo6mennio. BosuuKaet BOMPOC: KaKO€ Ke KOJIMYeCTBO NoO- 
N€3HOH HHPOPMaLHH NepelaeTcH MPH 3TOM OT BXO1a K BBIXo- 
AY KaHawa? 

CurHall Ha BbIxome Kanavia MPH HaJIHuHH MWOMex tepe- 
CTaeCT ObITh OLHO3HAMHO PYHKUHOHAJIbHO CBA3QHHBIM C CHrHa- 
TOM Ha BxXoOWe, M@2%KAY HHMM COXpaHsetca TOMDKo CTaTHCTH- 
YCCKaS CBA3b. | 

PaccMOTpuM Apa cyyaiiHpx coOpiTus: NOABJICHHC Ha Bxowe 
KaHalla CurHasa X W MOABJIEHHe Ha BLIXOZe cHrHana Y. Kax- 
OC 3 3THX COOBITHIT uMeer ONpPeTeNeHHYlO BePOATHOCTh 
P(X) u P(Y). X w Y ue sapasniorca H€3aBHCHMbIMH, TO3sTOMY 
BEPOATHOCTh CJOMKHOFO COObITHA — OAHOBPeMeHHOrTO H COB- 
MCCTHOTO NOABJE€HHA OGOHX CHrHAa.IOB, P(X, Y), moxuo BbIpa- 
SUTb ¢ THOMOIMLbIO YCIOBHOH BepoaATHOCTH: 


P(X, Pye =P(X)PW|X)==P(V)PIX|Y), (4.17) 


P(X] Y)— pepostuocts nosBicnug A, CCI NoaBuca Y, 

P(Y | X)— peposituocts nosnpaenns Y, ecm nospuaca X. 

Jia Bcex BO3MOXKHBIX CurHawoB X u Y, O6pa3ylouwux Be 
P3alIMHO-3aBHCHMbI€ KOHeYHbIe CXeMbI, MOXKHO ToxcuHTAaTh 
SHTPONHIO Ha CHMBO HIM B CAHHMUy BpemMeun, To x%xe MOx- 
HO CH€aTb H JWI O6bDeEMHHCHHA cxem X uy Y p OMHY O61LyIO 
NOHCHHVIO CXCEMY C.lOMHOrO cobEITHA (XY, Y). 


W(X, Y)==\')' P(X,, ¥,)log P(X,, Y,)== 


it ek 


== SD PuY,) P(X,1Y,) [lox PV.) + log P(X, 1Y,)] = 


i oR 
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we WP(X,|Y,) VPW,) log PK) A- 


LN PU) P(X [Vlog P (XIN 18) 


i 

a Tak Kak yy P(XY =! nia mo6ceru Y,, kak CyMMa Bepo- 
i 

sTHocTeil MOJIHOH PpyMMb! COObITHH, TO 


H(X, Yy=HVIESP(YY,) (SEP CAW,) log PX, | (4.19) 
: 2 


i 





Besmunna Yi P(X, /Y,) log P(AAY,) eCTh SHTporiisl NOCMall- 
ke 
Horo CHrHaa (cxemMbt X) Up 34 aHNOM 3HaueHHH NDHHA- 
toro curnasa Y,, Tockorpky Y,— culyualinad BeJIMYHHa, 3Ta 
SHTPONNA TaK2Ke ABACTCH CéryualivoH BevHYHHOH. B dopmysly 
(4.19) BXOAHT CC MaTeMaTHMeCKOe OAKUAAHHE MO BCCM BOSMOXK- 
HbIM ClurHaiam Ha BbIxoje Y, Ora Beuuunna 


H(XV)=WPVY SPY) log PAW) 


HUOCHT Hfa3RaHue yCJOBNOT! SHTpoMHH, Ola jaeT Mepy KOvJIM- 
uceTBa BHDOpMaLNH Ha OAH BEIOOpP (HH Mepy Heonpede.Telt- 
HOCTH AO BbiOopa) H3 MHOMECTBA BOSMORMULIX XX. CCl M3 
Bpecten Y, B cpeaguem mo Beem F. Mrak, 


H(X, Y) SHWE (AI): (4.20) 


QHacIOFWO WoOAlyudent 


H(X, Yys=2 HH (X)-- AH (¥IX). (4.21) 


VYenosnan sirpomut #7 (X¥) He MowkeT Obltb Ooubule 6¢3- 
ycuopuoli H(X), T. e. weerga Uecl (X|Y)<H(X), Wnaye ro- 
BOPA, 3HAHNe BkIXOMHOrO CHTHaJla Y uwukorga He VBeUHYHBaeT 
satpommio X. M3 (4.20) 1 (4.21) caeayer 


H(X, Yy<H (X)4H(¥), (499) 


HpuyeM paBeHCTLO HMee?Y MeCTO TOJIbKO B TOM Célynae, eculn X 
1 Y vesapucumer, B ciyuae B3auMo3aBucuMocTH AN Y 93nTpO- 
Hud Hepecraer Oph asVaTuBHolr, 
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lHrak, Mbl HMeem epesx co6oh ase curyauuu. Bo-nepBbix, 
‘AO WepeadH CHTHala HAM H3BeECTHA KOHeUlad cxeMa °, Ca 
BO3MOMKHbIe coobueHHa X,; vw ux BeEPOATHOCTH, a CJeLOBATEIb- 
HO, H SHTponuA ucTouHHka H(X), Koropas XapakTepu3yer 
‘TENCH HeolpewereHHocTH BbiOopa X v3 MHOxKecrBa  po- 
MOMKHBIX. Bo-BTOpsIX, Nocne Nomyuenus MCK@2%KeHHOPO CHrHaJla 
Y MBI BCe elle ocraemca Nepel HEKOTOPOH, XoTA u MeHbiuel, 
HEONPEHECHHOCTbIO OTHOCHTEIBHO TOFO, KaKoe *Ke H3 RO3- 
MOXHBIX CcooOuleHHH X, Obi0 B AelicTBHTeAbHOCTH NOcdaHo. 
ITa «ocTaTounaa» HEOUPEMENCHHOCTh XapakTepusyetca yc- 
AOBUOH 9HTponHel H(X] Y), KOTOPYIO Ha3bIBalOT TakxKe e- 
HAN KHOCTHIO. 

Ilockonpxy H(X{/Y) ne moxer 6nitTp Compe H(X), neon- 
P€AeeHHOCTh BbI6opa X HukOorgNa He MoxerT BO3PacTH, a MO- 
KET TOJIBKO YMCHBIUHTbCA B Pe3yJIbTaTe NoyYeHu UcKaxKel- 
Horo curuaia Y. YMenbueuwHe Heonpegsenennocty II POHCXOJLUT 
TOTOMY, UTO, HECMOTPA Ha MOMeXH, HeKOTOpoe KONMUeCTRO HH- 
opmMauun Bce xe OpIIO NepemaHo no Kadally. OToO KOuHYe- 
CTBO HH(OPMalluH Np ucuNCTeHuH SHTPONHH B eHHHNYy Bpe- 
MCHH Ha3biBaeTca WehcTBUTeAbHOH ckopocTb 
mepenauu A. Ona papya pasyocru Oesyc.1OBHOH HW ycuIOB- 
NOH SHTponnh 


R==H (X) —H(X]¥) =H (X)+H(Y)—H(X,¥). (4,23) 


Muaue ropops, R ecth ymMenbuenue HEONPeNeEICHHOCTH BBI- 
Gopa X nocme npuema curuana. Iro YMeHbIeHHe Heompese- 
l€HHOCTH 34 C¥CT IIPHeMa CHrHada OTHOCHTebHO Heonpere- 
J€HHOCTH HCXOXHOM CX€MBI Ha3bIBalOT HHOTa OTPHUATesIbHO! 
HJIH «H€TaTHBHOH» SHTPOMMeli WIM 2%Ke COKpalleHHo Hera H- 
Tponue hi, 

Ec UlyM B KaHaJie OTcyTcTByeT, TO, Kak MbI BIH, 
(X/Y) paBio nyo W cKopocrh MepeqauH paBlia 3HTponHN 
HCTOYWHHKA; HHaye TOBOPA, BCe KOJIMYeCTBO HHDOpMaLHH, BbI- 
AABACMOC HCTOUHHKOM B eCAHHMHY BPCMeHH, HOXOAUT No ape- 
cara. [cal IWyM HacTObKO BeHK, YTO yCOBHaa SHTPONHA 
PaBHa SHTPOMMM MCTOUHHKAa, TO lO KaHaJly wHpopMalua He 
NPOXOAHT BoBce H R=0, Oro, MexkAy MpowwM, He o3Hayaer, 
"TO BCe€ CHTHaJIbl OOA3aTEIbHO MCKaxaloTca. Tak, Hanpumep, 
CCH IPH mepewaye curHasia B aadaBute (0,1) tompbKo moso- 
BUHa 3HAKOB MpOXOTUT 6€3 HCKaKeHHH, a Apyraa MOMOBHHAa 
MCHHCTCH Ha MPOTHBOMOJIOMKHbIe CyYaliHblIg O6pa30M, TO CKO- 
POCTh NepeayH OKa3bIBaeTCA PaBHOH Hy1lO. OTO ouveBHHO 
XOTH Obl [MOTOMY, YTO B 9TOM Culyyae MOXKHO 6bLIO Ob He 
NOJIB3OBaTbCA K@HasIOM ‘CBA3H, a MPOCTO BOCCTaHaBJIHBaTb Kax- 
Abi CHMBO.T C MOMOUIbIO KPeOUA; Pesy.1bTaT 6b 6bI TAKOTT xe, 
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Kak i ae HCMO.[b30BdIUIH KaHada cBs3H. GB caMoM vledle, ye th 
P(0)=P(1)='/o. Torga H(X) =1 edtuuuny/cumeo., Tlocac npi- 
SITUA “NOG6OrO CHMBOAa VCJIOBHDIG BCPOATHOCTH PaBIIbl: 


P (0! 1)== P(0/0)= P(1[0)==P(I[l) =. 


Cire@HOBaTeIbito , 


H (X | ¥)== P (0) [P (Oj 9) log P (0 ieee ne log P(1 | 0)}-+-- 
+-P(I)[P(O|l)logP(O 1)-+ P(L| peer a 


1 fl l I l 
= [4 log s+y log 5]+9 fy log y- bs log y= 


RezH (X)—H(X|Y)==1—1=-0. 


(CCKOpOcTb HepCLaul 3aBACHT OT PACHpeAeeHNs BEPOATHO- 
cre] Kak cooOmermii, rak jw myMop. I[IpH anyblx llyMax 
B KaHasie H Pa3.JHYHbIX MHOWACCTBAX COOOIMeHHI C pa3JIH4- 
HBIMH PaCHpeMQICHHAMH BCPOATHOCTCH CKOpOCcTH siepemay 
OvAyT TakxKe pa3suilb. Lei Wh OyazeM ToouepewHoO HCIIbI- 
THBATb Pa3THYHbIC HCTOUHHKH 1a BXOWe Kalialla, TO JIA O1- 
HOTO H3 HHX CKOPOCTb HepeayH OKaKeTCH MAKCHM@JIbHON i 
Gyler papHa AponycKHOH cmocoOnocTH kKana- 
Ta 

[Tpomyckuas cnoco6h0cth KalaJia, CICTOBATCAbDHO, PaBita 


C>=max{H (X)— H, (X)], (4.24) 


ric MaAKCHMVM OTBICKHBACTCH TO BCCM BOSMOAKHDIM HCTON- 
HHKAaM. 


BeanghHa Co sBIteTCA XAPAKTOPHCTHKON Kallacla  CBaGI. 
Qua HMeCT TOF CMDICA, UO Hpi UaMNAUHH CNOOLIX IHYMOB, HO 
HDPH MpaBH.IbHOM KOJIpOBAHI!, T.C. IPH CraTHeTHUCCKOM CO- 
NTaCOBAllIil HCTOWWIKaA HW Kabacta, WO Kaladly MOAKHO TNepejra- 
BaTb B CAWHHILY BPeMCHH KOcIHNCCTBO HIMOPMAMHH, PaBIloe 
C ed/ceK, CO CKO.Ib YFOHO MaJOH BCPOATHOCTLIO OWHOKAH. 
Com pemunna C 6yaer mpeB3s0iAeHa, T. @. MbI 3aXOTHM Iie- 
NClaTh WO KaHaly KOJHUeCTBO HUMOPMALHH, IpCBbINAaOUce 
C (anpuMep, HCiOsIb30BaB 6O7ee SKOHOMHULbIE KOMLbI), TO 
BCPOATHOCTh OUNGOK AOMKHA OCTATbCA KOHCUHOH H He CMO- 
*wKeT ObITb cBCeHa K 11Y.110. B pesyJIpTaTe Tip mpHeme CHHa.Ta 
NOABHTCH HeHawemkuocth (cM, pric. 4.2). 

Takum o6pa3om, upobsiema Nepean HUGOpMULM Ho Ka- 
HATV CRYBH MpHOOperacT BNOTILE 8AKOWUCHUYIO, NO Wpalaedt Me- 
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PC BR MPHHUHIC, KOTHYeCTBEHHYIO TpakroBky. HMudbopmaunio 

MOMKHO PacCMATPHBATh Kak Qu3H4eCKyIO BE IMYHHY, KOTOPad 

MOAET OblTb TOUHO H38MepeHa, x BOMpoc oO ee Mepemaye ctTaHo- 

BITCH AHaJIOTHYHBIM, CKaxKeM, MepcBo3ke rpy3os, Ilsyyou 

CPaBHUBaeT Tiepeqauy uudopma- 

IH C MepeBO3KOH sleca Ha Koll- Hy{z) 

BeHepe. Ec pec KyOaTypa 

eCa He MIpeBbullactT rpy3ononb- 

CMHOCTH H €MKOCTH ‘KONBeiiepa, 

“€C MOKET ObITh TpaHcnoprupo- 

BaH MovntocThio. HyxkHo TompKo, 

uro6bl @opMa Opesen coorser 

CTBOBaJIa KOHCTPYKUHH KOHBEIIC- C 

7 or oe Puc. 4.2. Henanexkuocra mputst- 
- TOTO CHrHala B SABHCHMOCTH OT 

BcHepa MPHAeTcs, ObITb MOKcrT, INTPONHH Ha BxXOMe KaHawia. 

HeCKOTOPbI¢c OpeBHa pacnauanry 

Ha OPyckKH WIH ake H3MeIbUnTE AO ONKOK. B caryuae KaHa- 

a CBA3H STO II3MCHeHHe (opMBI COOTBETCTBY€T Me€PpeKOANPOBKe 

COOOMCHHITT Mis cTatruetuyeckoro COMMACOBAaHHA HCTOUHHKA H 

Kala.la *, 






Hedocmusku- 
MOR OONICTIID 


H(z) 


Camoxkoppektupyrouneca KQJLbI 


[louWxKeHHe BeposTHOCTH OlHO6OK pH mwepeaye jocruraer- 
C1 PaSYMHbIM HCHOJIb3CBAHHeCM H36bITOUHOCTY IpH KOZMpoBa- 
Min cooOmennii. Uem ppiue ypoBpenb LUIYMOB B KaHaJie, TeM 
GONbUIC BEPOATHOCTL OLIHOKH IpH mepelaye uv TemM 6o.IblUe 
‘NUNHUX CHMBO-IOB HYXKUO NPHMEHUTb JIS TOTO, ¥TOOE yCTpa- 
HUTb OIHOKH. IiMenHo sTuM weHHa BbICOKag H36bITOUHOCTL 
JCCOBCHCCKOLO H3biKA, OTA@IbHbIe ONeYATKA B TeKcTo memaioT 
C1OBA OCCCMBICICHHBIMH, T, @. TaKHMH, KOTOPble HHYemy He 
COOTBETCTBYIOT H He NPHMeHsHIOTCH. Dro nosBodAer 6e3 Tpysla 
OO6UaPYKUTb HX HU UCIIPaBHTD. 

To we cBolcTBo HCrOb3yerca IpH COCTaBJICEHHH MoMexo- 
VCTOHYHBBIX HH, Kak HX elle Ha3bIBalOT, CAMOKOPPCKTHPyw- 
IMAXCA KOOB. IIpocreiimum cnoco6om 3auluTbl OT NoMex AB- 
TACTCA MHOTOKpaTHoe NoBTOpenne Nepezaun. IIpu qoctratouvom 
WHC NOBTOPCHHH MIPpaBHJIbHbii BapuaHT cHrHaga 6yAer mpH- 
HHMATBCH HECKO.IBKO Yallle, YEM JTIOOOH H3 ACKaKeHHHIX, Ecth, 


SSS ee ee 


* Mbt onycxaem PaccMOTpeHHe BoOlpoca O KoNHUeCTBE HAopMalun, 
COWCPAAILCHCA B COOOLLECHHH, KOTOPO€ 3aKOJHPOBaHO B HeNMpepbIBHOM auI- 
Pasute. Ucyepnpparomee N3IOKCHHe BOMpPoca WiTaTedh Hatter y A. H. 
Koamoroposa [5]. 
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OHAKO, H OOsIee TOHKHE MeTOsLbl COCTABLTCHIS Ca MOKOPPCKTH: 
NVIOWLNXCH KOAOB. PaccMOTPHM IPHMepHi. 

Mycrb MbI Hepeqaem cHruad B adpasure (0,1), mpHuem 
CHMBOJLI CulemyloT rpynnamu, no N cumBo.loB B rpymne. 
BepostHocth nmowBleHHa B rpynme Goee oWIOH OLINOKH 
JlocTaTOUHO Mala H elO MOAKHO mmpenc6peyp. Mnaue rosops, 
B Tpyile MOXKeT MOABHTbCH TOIDKO OHA OWWHOKAa (0 BMeCTO 
i nau 1 BMectTo 0), HO NOUTH HUKOra HC NONBHTCA ABe HH 
60/IbIUe TAaKHX OLUHOOK. 

IIpunuuiem K KaxkaOH rpynne u3 N CHMBOJIOB elle OHH, 
KOTOPbI He HeceT HHPOPMAaLUMH, a CJLYKUT KOHTPOJIbUbIM. 
Bygem BplOupatTbh ero AWA KaKAOH pyiinpl Tak, UTOOL! BCA 
rpynna 43. N-+1 cuMBO.1I0B MpH CYMMHPOB4HNH HyJeH H eAH- 
HHU, B HC@ BXOMAWHX, WaBada Obl, CKAKEM, YeTHOe YHCIO. 
Ha lipHeMHOM KOHU€ KaHaJla Bce TpynnbLl MpoBepsloTca Wa 
UeTHOCTh CYMMBI M Ta rpyna, B KOTOPOH OWHOONHO H38MeHeH 
OHH CHMBO., HEMeWICHHO OyHeT OMO3Halia Kak OlMMOOUHaA. 
Mp nowyyHn KOZ, OOHAPYRKUBAIONLHH OANHOUHYIO 
ouu6ky. Ero HeqocTaTouHO Win TOrO, YTOOL YKa3aTb MECTO 
OMUNOKI B rpylile H, CICROBaTe.IbNO, HCMPaBHTb Ce. 

MoxKHO cOCTaBHTb KON H JWIad HCMpaBJenHaA  OnOKH, 
TOJbKO JLIA 9TOFO MPHAeETCH YBeJIHYHTb H3SObITOUHOCTb H MIpH- 
NHCaTb JICMOJHUTeabHbIe =cHuMBOJIbI. Ilyctb B NpeAbIayuleM 
ipumMepe N==4; npunumem K KaxKOH rpynie u3 4 CHMBOOB 
eure 38 KeuTpoAbNbIX. [lycTb CHMBOJIBI, CTOAULHe Ha 3,5,6 4 
7-M Me@CTAX, HCHOJIb3YIOTCA Jit Wepe dag HUPOpMauyH, a CHM- 
BOWIbI, cToNLuHe Ha 1, 2 H 4-m mMecTaxX — L1H KOHTPO.1A, Hx MbI 
PLIOUPACM IID CJIEMYIOUMIM WpaBd/laM: COCTABAACM TPH BCIO- 
MOPATe@JIbHbIe CYMMBbI, B KaxXAyi0 H3 KOTOPbIX BXOWHT OHH 
KOHTPOJBUDUL CHMBOJ, BbIOPaHHbIM Tak, YrOObl Celatb ee 
YCTHOH: 


pnioop X,;: X3+-Xs+X7-+- XA, = JY yeTHoe, 
pbi6op X.: X3-+-X,+X,+X.—= 68 wetuoe; (4.20) 
Bpioop X4: Xz; X,+A,--+-X,= a YeTHOC. 


[pyunbt 43 7 cHMBO.IOB MepedaoTcsa MO KaHadly C WCKaKe- 
nuem. Ha mpveMHOM KOHLe KaHaa BBINNCAIOTCH CYMMBI 
a, Bu y. Uernpe oGo3sHaualoTca HyJIeM, HeveTHble— CAH: 
ell. Jiponunoe yHclo a By MaeT TloMep HepepHo NepeTanHoro 
CHMBOJa B WaHHoH rpynne. 

Ilycrb, Hampumep, AX3=0. Xs==1, Xg=1, X7=0. Toraa 
X,;=1, Xo=1, X4g=0. Wepenaercn rpyiia 1100110. Tlyctp 
B TPeTbeM CHMBOJ€ MpOH3OUlIa OWMOKA WH Ppynia NpHNAara 
B ctetyiontem Binte: TIIO110. Boruneanp no pHusTon rpyn- 
Qn) 
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N€ BCTHYHHbE KOHTPOJIbHBIX CYMM «==, B=1, y=1, nowyaum 
uacio O11 *, Koropoe B aABOHdHOy HavepTavHH paBHo Tpem, 
ITO HHTeKC OWM60uHO NPHHATOFO CHMBOWIa. Ourn6Ka B O60 
APYTOM CHMBOJIe Oblia Obl HCMpaBeHa NOAOOHBIM Ke 06- 
pa3om, 

B camoxkoppekrupylomemcs Kore pe BC€ CJIOBA XHMeIOT 
CMBICI>, T.€. SIBIAIOTCA JLOMYMICHELIMA xX yrorpeO.1eHHI10. 
ITpopepka npuuaroro curnada ua HaJIMGHC OWMO60K CBOAUNTCA 
K ONO3HABaHHIO H€JLONYILCHHBIX COB NK OTIPENGICHHIO, 13 
KakOro MOMYUICHHOrO CJIOBa BepOATHee Bcero MOJIYYHIOCh B 
PESyJIbTaTe HCKaKCHHA MaHHOe HEAONYWeHHOE. OTO, M0-BUAH- 
MOMY, TEM Jergde CeJlaTb, ¥eM OOJIbIIMM UYNCIOM CHMBONOB 
OTMHYAIOTCA MPyr OT Apyra MONYWeHHble coBa. 

IIpumep Koga, koToppiit Mbt IPHBOAH.IH § BbIMe, HOCHT 
Ha3BaHve Koa THMa VTouelt-— Xemmuura. Kogut 9toro tuna 
NPHMCHHMbI, KOA BePOATHOCTb OWIHOKH HeBeIHKa. [Ipu 
OOIbIHX BePOATHOCTAX OLUHOKH, KOra B CIOBe 13 N cHMBo- 
JOB AOCNATOUHO YacTO NOABAAeTCH Oovlee ONHOH OIUHOKH, KOZ 
Xe€MMHHra OCTaBIAeT 63 H3MeHEHHIi CJIOBa, B KOTOPBIX HeT 
OWHGOOK, KOPPeKTHPyeT OMHOUHIe OWIMOKH, He HCHpaBuasaer 
CNOBA C YCTHLIM UYHCJIOM OUWM60K H MOMKeT BHecTH OJHY 
AONCHATCJIbHYIO OWHOKY, CCIM 4YHCO OWHG6OOK GOMbIUe ORNL 
H HeyerTHoe. 

B Takux CJlyuaaX MOXKHO IIPHMeHATD Goulee CJIOXKHbIE KO- 
Jbl HalpHMCp C NOBTOPHBIM MpPpHMeHeHHeM KOAMpOBaHHa. 
Tak, HalpHMep, mocwe HCnpaBeHNa ONNOUNEIX OLIH60K 
H3ObITOUHBIGE KOHTPOJIbHbIC CHMBOLIDI OTOpacbIBaloTca H U3 
OCTABIIHXCA CHMBOJIOB COCTABJIAIOTCH HOBDIE TPyIMb, cocro- 
He H3 HHPOPMAIMOHHBIX HW KOHTPOJbHBIX CHMBOJIOB, HT. 
B pesybtate WOcTHraeTCs BO3MOXKHOCTH NepelaTb HCKOTO- 
pyio HHMOpPMalHIO Norn 6e3 OUIHOOK, HECMOTPA Ha 3HauH- 
TCMbHYIO BEPOATHOCTS OMWIHOOK B OTUCIBHOM CHMBOvle, NpaBla 
ICHOH 3HAYMTeIbHOM 3a/lepKKH BO BDeMeHH, SanepxkKa pH 
KOTHPOBaHHH—oOlee ABJICHHE MIA BCCX CJIOXKHBIX KOOB. 

Ilepegaya TeterpaMM c nocaeoBaTeAbHBIM HcupaBule- 
HNCM OINN60K NOBTOPHBIM KOAHPOBaiHeM Jact pesyabrat 
TOIbKO CHYCTH HeKOTOpoe Bpema. Bor kak NpHMepHoO BBITVIaA- 
WHT NOROOHAA Nepenaua NO MHeEHHIO OHOFO H3 u306perare- 
eH KOOB. 

TewerpaMMa, MpWusTaa C BO3MO2%KHDIMH HCKaKeHMAMH, 
BpyuacTcaA ampecaty c mpunuckolt: «BepoatHocth owH6KH Ha 
OyKBy paBHa 0,1; ucnpaBmenua—sastpa». Has3asrpa, nocue 
TOTO KAK TIPHHATLE CJTe-TYIOULMe TeTerpaMMb! C AONOMHHTEe.1b- 


_—- — —- +... ——- 
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HbIMi KONTPOTDHDIMH CHMBOJA@MH HO HailieHbl monpaBkKi, 
aqpecaTy BpyvyaeTed HsBeulertue: «BMecto eerpot unTalite 
MCTPbl, BMCCTO MOblIO UHTAHTC MUAO; BEPOATHOCTb OUWIMOKH Ha 
OyKBy Temepb paBraO0,Ol; MONOANHTCbHbIe HCMpaB.leHHs—Ha 
cleqyloufert Henete>. Uepes Hemeto aipecaTy Bpyyaetca 
HOBOe H3BeuLeHHe: «BMecTO KOCTU YHTalte 2OCTU, BeposAT- 
HOCTh OWNOKH Ha OyKBy—O,O01; wanNTe cemylonlero Mecsita». 
OTo NpoMoKaercA MO TeX TOp, MoKa anpecaT ue MompocuT 
OOIbING He GecTOKOUTh Cro H3BCUICHHAMH, 


Teopema WJaHHoHa 


CaMOK@PPpCKTHPYIOWlHeca KOAbI MOSBOJINIOT B PALE CuJy- 
UaeB C YCHeXOM 10.1b30BaTbCA KaHasJIOM CBA3H ake Tora, 
KOPAa YPOBeHb LWIYMOB B HM OTHOCHTGIbHO BLICOK. Bompoc 
QO MOCTPOCHHH MOM@XOYCTOHYHBBIX KOJOB JIS) BCCX BO3MO%K- 
DIX CU4YUaCB H B HO60M aciaBHTe cule He pelucH JLO KOHL. 
H[cioIbsoBalie CaMOKOPPCKTHPYIOINHXCH WAM APYrHx pallu- 
ONAIDUDIX KOLOB Tpe6yeT, pasymeeTca, paspaOoTKuH coor- 
BCTCTBYIOMNIHX &BTOMATHYCCKIX KOMHPY!IOULIX If ZCKO)LHpylo- 
“LHX VCTPOUCTB. 

KakoBo eC TO TIpeCicdbHoe KoOAHUeCTBO HHMOPMAaIHH, 
KOTOPOe MOKEeT ObITh WepeLaHo 6€3 OWINOOK MO KaHawJly c Wy- 
MamuH? I1Hate ropops, 4eMy paBlla mponycKknasd CNOCOONOCTh 
KaHama? Orser ia 31ToT BoNpoc, MO Kpannelt Mepe AJIn OJNOTO 
BECbMa YaCTO BeTpcualoulerocsa calyuas, maet Teopema IIl9n- 
HMOWd JIA Kattada c uryMamy. TIponycKHad cHocoOuocTb 
KaHaia BbIMHeleva TOUHO TOAbKO JWIn CJlyyaa TayCcOBbIx 
HiIVMOB, MOLLUIOCThD KOTOPbIX PaBNOMePHO pacmperzedena 10 
yYacTOTe BMNCIMTAX NMOMOCH! NPOMyCKaANNA Kanada Mow orya- 
HHUCHHOH Cpe Hici MOIMHOCTH INYMOB HW CHTMIa@&TA WOUX Cratie 
CTHUCCKOH wesapncwMocTH. Jia yroro Celydad TpomyesTad 
CHOCOHROSTD Kafana paBna 


— : P+eN oy, 4900 
C == W log. --j—- ed [cex, (4.26) 
rae P-- Cpequds MOULHOCTb CHrHavla, 

N —- cpeAHsisl MOULHOCTD NIYMOB, 

W —nonoca NponycKkaHhv KaHaJa. 

He 3a60TACb O CTPOFOCTH AOKA3ATEJbCTBA, MOAKHY BKPATIC 
NOACHUTh BHIBO STO dopMyvbE ceAyIOUlNM O6pa3om, Jlwoan 
cryyalinad (pyHKtuid C orpaHiucHHoit Momocoit vactor W Mo- 
*KeT Oblth woMocTDIO onNcana ZWT ce 3shaveHHaAMlt 3a Bpe- 
ia T, SHaucuast aMmIatTygabl CHrmada, CMcilaHHoro C HIYMOM, 


a2 
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IMCiOT B Cpejwem BeIHUnHy VP-+-N (CKUIAALIBAIOTCs = MOLLULO- 
CTT, KOTOPble MpONOpUWOHabHb! KBaapaTam aMIWWTyA), H3-3a 
HaJWIHA IWYMOB pa3JIMYeHHe aMIWATyA BbIXOAHOiI (PYHKUBH 
NPOHCXOANT C TOUHOCTbIO AO BeANYHHDI cpesHeli aMILIATY Jbl 


WyMa—[VWN, Crago 6bitb uncqo Pa3JINGaeMbIX 3HaveHHli am- 


nTYAbL Ha BbIXOe B cpenHem papuo y P-+-N/YN. A tax 
TaK B CAHHMUWY BpeMeHH mpoxoguTr 2W AUCKPeTHbIX saanet 
PyHKUMH, TO HponyckHad cnoco6Hocth paBHa 


C =2W log, VW 24 — w tog, CEN + (4,97) 


Hat oven Mawix ornowuernnil CHPHAJI/IYM MOoXKHO Hanucarp 
NPHOJULKeHILO 


= W logs ( ee 4 = W © logye = 1,443 o (4.28) 


FlelicTBuTebHaad CKOpocTB nepelauH MOMKEeT Kak yrojsHO 
MaJlO OTHWATbCH OT MpOolycKHol: cnocobyocrH KaHaJla, e@CJ 
NPHMCRHTb NpaBHJIbHbIH Koy. Tlepegxaparph HHDPOPMAaMHIO 6e3 
OUIHOOK © OOulbuleli CKOpocTbiO HeEBO3MOXKHO. 

B @opmyay IaHnona Bxogur Kak nonoca iponyckannag W, 
Tak WH MOWHOCTh CHrHada P. MoxkHo coxpaHut IIpONyCKHyt0 
CNOCOOHOCTh KaHaJla, YMeCHbIUHB MOLIHOCTb nepewqaTuuka H 
COOTBCTCTBCHHO YBCJIHYHB NOOCY MpomycKaHua waH Ha- 
oOopor. Ilpu stom, pasymeerca, KOAHPOBaHHe JOJOKNO TakxKe 
M3MCHHTbCH. Takada BO3MOXKHOCTh JeliCTBHTebHO HCTOVip- 
SYCTCH B CHCTCMAX CBA3H, Hanpumep, pa3aHuHble THB TaK 
Ha3bIBaCMOH HMIYIbCHO-KONOBOH MOAYJIAUHH MO3BO.IMIOT 9T0 
CCVULECTBHTb, 

MccaeOBanHA moKasblBaloT, uTo CYUECTBYIOWWNe cHeTe- 
MBI CBA3H = avIeKH OT MOCTHAKHMOrO Tpeseda B CMbICe 
NCNOJbSOBAHHH HX Tponyckuoit cnoco6uocru. Jlas nog- 
TBEPAKACHHA 9TOTO Mbl MOKEM TIPHBECTH PesyJibTaT mpocroro 
pacueTa, MpHBokuMoro UIsunonom. Ecwn renedounpii Kanan 
OyAeT paOoTaTb ONTHMAJbHBIM KOOM WIS mepewqauH Hop- 
MaJIbHOH peuH co cKopocTbio 100 cvioB B MHHYTY TPM HaJInuHH 
INVYMOB, MCHbUIMX B 10 pa3 110 aMMJINTyHe, 4cM CHrHad, TO 
pH nepeqave € TOUHOCTbIO MO CMbIca (T.e. He NepezaBasn 
HHTOHAILHMM) MoTpeOyetca nosoca mponycKaHua scero 2,3 
repla, BM€CTO OOBIMHO HCIOMb3yeMbIX IPH TeX 2Ke yeuloBHAX 
1o—5 Thicau rep. Ovepuano, paspa6orKa KONOB, KOAHpPylo- 
WHX YCTPOHCTB H MX HCMOMb3O0BaHHe MoryT MpHHeectn Hema- 
JVIO IKOHOMHW. 
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WapopMaunonnan uv usnueckan 3HTponns. Opranw3aunsa 


Llonatie KOStgeCTBAa HNMOPMGUHA B TeCOp HN WHpOpMaiuin 
1CCHO CBIZAHO C NOHATHEM (PU38K4eECKOH SNTpond. Dromy ue 
HPHXOZHTICH YAHBIATbCS, TaK KaK CHFHadl eCtb oTpancHire 
ABJICHHH PH3SHYeCKOTO MHpa WH HHMOPMALHA B CEMAaHTHYeCKOM 
3HAUCHHH 9TOTO C-IOBa CCTb COOTBeETCTBHe CHIHaJIOB H COOBITHII. 
CaO U0BaTCIbNO, CIyualiHblll XapakTep ABJeHIA, pacmpese.te- 
Nuc BepoNTHOcTel H (PH3HUeCKas BHTPOMHS Mpocro mepeio- 
CHTCH Ha CHIMadi, Korda (busHyeckoe SBTCHHe mpescTaBaacr 
COOOH UCTOUNHK Coodmenni, KoTopble mepeKoANpylorcs B 
allPaBut cHrHadad. Ec Obl MA 38aaIHCh WeTbIO OMNCaTb Ta- 
KOC ABJICHHe B raze, KOTOPoOe MePeBOHT eFO B HOBOC COCTOSHIIC, 
CBA3SAHHOC C H3MCHEHHCM ()H3HYUeCKOM SHTPOMHH ja BeaTWUH- 
HY i ,, TO MMHHMadbUOe KOJNUCCTBO HUMOPMaILyn, comepxKa- 
ULCeCA B TAKOM COOOIILCHIH, HIN ero HH*OPpMARNOHHaA SHTpPO- 
nia A,» ObLT On VNCATCHIIO DABIIDE HIMCHCIHIO PUsHTECKO! 
suTporun fy. 


DUSHICCKAN SUITPOHHA ONpeAessiclresd COOLIO TOMbKO ALI 
(DHUSHUCCKUX AB TCHINT, CBASQHHDIX C MOJMJe@KYJIAPHbIMH TIpo- 
KCCCAMIL (TeEMLIOBHIC SBAICHIA, JUD@y3Ha, NHMMYCCKHeE Peak- 
uni). Hlo He TObKO TAaKHC ABSICHHA MOPryT CcLYKHTb HCTOU- 
HHKAaMH Wi@opManun. Moxkuo, MO-BAAHMOMY, BOCNOJIb30BaB- 
IMHCL NOHSTHEM HNCPOPMALHOHHON suTpoMuH, oOb606uUlNTD 
HOUSATHC U3NYeCKOH siTpoAH na GoAee WMpOKHH Kpyr 
SIBJICHiiI—-BCeX SBsICHHU, MOPYULHX ObITD HCTOUHHKOM coo6- 
IWCHHH, WIM WE BBECTH HCKOTOPOe HOBOE MONATHE, CTYRArLece 
AMA TOH ake Westin. 

MmcuHHo TakHM IlyTeM ObLIO BREeTeHO NOABHBUeeca He- 
JaBHO NONSTHE OPTaAHH3SaAWHH, KOTOPOe TIPHMeHHMO K 
ILHDOKOMY Kpyry OOLCKTOB HH cucTemM H KOTOpoe Maer 
UHCJOBYIO MCPY CTATHCTHYCCKHX CBA3eEH OTAGIbUbIX 97eMCH- 
TOB, BXGOJIMIMIX B CHCTeMY. 

VINTYHTHBHO Mb OTOMKACCTBAACM OTCYTCTBHe Opravnsau 
¢ xaocom. Ilyctb MbI HM@€eM HCKOTOPYIO CHCTeEMY, COCTOAHLYIC 
H3 OTAGIDHDIX UACTCH IWIN QICMEHTOB, He OOABZATEIbUO O1ND- 
POMUbIX. Taxol ciitcreMoH MOKetT ODITb Il@ TOJbKO COBOKY!I- 
HOCTh MOJCKY (bH3H¥eCKOTO Te.1Ta, HO Hw COOpaHHe Kj7eTOK 
B TKAHH XKUBOrO OpraHH3Ma, MCNaHH3M, COCTOAMM H3 CBH- 
3QHHbIX Me@K TY co6o0lIO TBEPALIX TCT, NPOH3BOACTBEHHOLC 
MIPELIPHSITHC, COCTOAILEe H3 OTACGTIbBHBIX IUCXOB, KOJWICKTH 
uonen, BonucKkoe coelnHenne, cocroautee 3 nompas.7ze- 
OHM oAl Tekh: 


We 
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Kaaibl 13 sdemMenloR B mpokecce cyumectBOBaHha way 
ACHTCTBHOCTH CHCTCMbI MOWKeT - IPHHHMaTb HEKOTOpOe MHO- 
*KECTBO COCTOAHHM, Ha KOTOPBIM 3anaHo paciipeyqenenue 
BeposTHocTel. Ecau pce sueMeHTBI cucTeMp pasoOurenn u 
COCTOAHHE ONHOTO HHKaK He BAMMeT Ha cCOCTORHUG ApyrHx, 
CIOBOM, €CJIM 93JIEMCHTbI He3aBHCHMbI, TO OYeBHAHO, uTO 
CHCTEMA SIBAACTCA IIPeAeIbHO HeOpraHH30BaHHol. Jipyrum 
NPCHCIbHBIM CJIYYaeM ABUIAeTCH Takolil, Korma coctToaNne 
O-UOTO 3ACMCHTA OfNO3HAYHO oMmpemeiser cocTrosuua peex 
OCTaJIbHbIX, 

Ilogcuutaem oObMuHBIM OOpa30M SHTPONMIO MHOxKeCTRA co- 
CTOAHHH KaAKJIOFO 3eMCHTAa CIICTeMHI Me 


fl - 
— D) 
Hi (X)= y P,, log P.,, 
| k=1 
rie k= 1, 2,...,— 44CRO BO3MOKNDIX cocTORHHi QJ MeH- 


TA Xx, H P ., — BeposTHOCTh 3.IEMCHTY Xx, OKA38aTbesH B COCTO- 
AHHH 2. 


Mlomcuntaem tTenepp SHTPONHIO CHCTEMBI B UeloM. B cay- 
Hd€ NC34BHCHMOCTH 3JICMeHTOB B MIPeseJIbHO HeCOpraHH3oBan- 
HOH CHCTeMe O6llaa SuTponus OyqeT MAKCIIMaIbHa H pabita 
CYMMC SHTPONHH OTACIbUbIX 97ICMCHTOB, Tak, AWA CHCTCMHI, 
COCTOSIINeH 43 ABYX 9eMCHTOB 


coca: f- ‘a s 
Ly Ki Xe) SH (VAT, 
Ec B CHCTCMe YCTaHaBJHBAIWTCA CBA3ZH IJICMCHTOB H 
B3aHMiible BIHAHHS, T. @. CCH CHCTeMa OpraHH3yeTca, To 


OOulaH SHTpPOMMs cTraHOBHTcH MeHbITe CYMMbI 9HTponNt 
91e€MeHTOB. B cootBercTBuHu c (4.20), (4.21) 


H | (X1,Xo) == H (X,) +H (Xq|X,) =H (XQ) + 
4-H (X, |X.) <H (X,) +A (X)). 


B pe3yabTate oprallu3alluu CHCTeMBI ee aHTponua HH, ro- 
HHSHTaCh TO CpaBHeHHIO C MAaKCHMAaJIbHOM 9HTpomHelt Hp. 
ITO YMeHbIUeHHe SHTPONHNH MOKeT CAYKUTb YNCIOBOH MepoH 
CTeNe€HH OPraHH3OBaHHNOCTH CHCTeMBI A. 


A == Hy) — H, =H (X,)-++H (X,) —H, (X,,Xo) (4.29) 
NIH, Cortacuo (4.23), 
A= #1 (X,)— 7 (X,| X_)==H (X,) —H (X,|X))== 
= ff, (X, Xo) -~ Hf (X_|X,) — H(X,| X,). (4.30) 
95 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Mobi choBa pli) K Hergibpomiil, Kak GB celyuae depe- 
UU WPOPMANH Wo KaHady cBsi3H, Tlepetaya nHopMauil 
ABIACTCS, TAKHM OOpPa30M, YacTHbIM CG1yyaeM Oprallil- 
Saul. 

Paccemorpum tpocrolt mpumep. [lyctb MblumMeemM cHCTeM\Y, 
COCTOAWLYIO H3 MBYX 3eMeHTOB. MuHowectTBO BO3MOAHDIN 
COCTOHHHH KAaKMOTO €CTb OTPe30K IIPAMOH, Haj KOTOPbIM 3a- 
favo pacnpemesenHe BepoATHOcTeli (HH MOTHOCTb Bepodt- 
HocTH). Pacnpenemenne BeposTHOCTel COCTOAHHH = CHCTCMDI 
6yner 3afaHo lak NPAMOYPOAbHHKOM, CTOPOHbI KOTOporo 
CYTb OTPe3KH, COOTBETCTBYIOUNUTe MHOAKeCTBAM COCTOAHINY 
3eICMCHTOB. 

Jia Heopraiwi3OBaHHOll CHCTCMLE pacnpewedenle  I-lot- 
HOCTH BCPOATHOCTH Hast MpAMOYIO.TbHUKOM CCTb HpocTo Upo- 
W3BelenHe Taorvnocteli BeposTHOcTH ma orpesKax. [Ip 
MAKCUMQ@IbUOH  OplraHHBallll  COBMeCTHOE = PaAchIpeecleMuic 
crarupaetcs B uituno. TIpomexkyTouHblil culyyal ‘cooTpercr- 
BYCT IDCHMYLICCTBCINIOMy PPYATHpORaNO BeposTIOCTH BOd- 
qactu BOKpyr .THHuI (prc, 4.3). 

MakcuMaJibiand OpraHl3als CHCTCMbI cCoOOTBETerByeT, 
TAKUM O6PaZ0M, COOTHONICHHAM (PYHKIMOHAIbHOFO TIWKL MCA 
LY COCTOSHHSAMH 9I@MCHTOB WH CHCTCMbI B edlOoM, YMeHDbLe- 
He OpraHwH3aunif BexeT K TOMY, UTO BbIOOP ONpCACTeHNOTO 
COCTOAHHA OJLHOTO BTEMCHTAa ele He OlpeedneT ONO3HATHO 
COCTOAHHH OCTaIbDHbIX, Kaw Abul 971CMeCHT HMecT eule HeKOTO- 
pylo «<cBo6oAy», T. Cc. COCTOMHHE cro ocTaeTCH CTyualliibiM 1 
SUOMI CTATHCTHYCCKiL CBSISAHHDIM C COCTOAHHAMH OCTQIBNDIN, 
iIpa noanoit e30praHHsalun Boe aTeMCHTbE CTAHOBsITeH 
HC3QBHCHMDBIMH. 

Jaa Quguyeckux cieTeM YMeHbUIeHHe = OpPPaHHsalldil 
COOTBETCTBYeT TOBLUUCHHIO (PHBHYeECKOH SITPONNT (VMCHbINC- 
lO HePoHTponuy). 

Mexatlu3M C pa360ATaHUbIMH WaplHpaMA OOa Lack Mellb- 
efi Opranusalell no CpaBHelHiIO C MEXaHH3MOM, y KOTOPOry 
INapHHpH! UpHruanpl Ton. Ha saBole, OOFaATAIOULeM BbICv- 
KOH opranHzaunel, WexH paOboraoT crporo CorMlacoBaHHo Ho 
KPeCMeHH, HOMeHKJaType H KayecTBy W3esHH. Pas6poc Kaye- 
cTBa H3fesMl onpesdersetesd TObKO pa3s6pocom KayectBa 
cbipba. Llexu 3aBofa, O6slamaioulero HH3KOl Opranusainell, 
padoraior Bpas6por (TO HemoaBan UPyrHM WexaM nomypab- 
)HKAaTbI, TO 3a64BaT HMH MPOMeKYTOUHEIC cKaafbl), Hecorla- 
COBANHO BO BD@MeHH, C OObLIHM KOJIMYeCTBOM 6paka. }i3 
XopolWero CHIPbA Takol 3aBOA MPOHSBONNT MHOPO NEKOHARILE 
QUHDIX MH OpakoBaniblN 13101. 


Qh 
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Hlogpas.ciecHust BbICOKOOPralHH30BaHHOlL BOHNCKOTE WaCTH 
Be1y? 6oll B3aHMOCOrTacOBaHHO, cTporo Mo MWiahy onepalHy 
I) He COBEPWalOT HHKAKHX MPOH3BOJIbHbIX ManeBpos. Ilo mMepe 
CHIDKCHHA OPPanl3allii "acTh TOCTeNeNHO NWpeppatiaetcs 











pe ‘ee 
Le a As Vena an ye 
’ ws tp gt See Phe Soe) Sys, 
state ey A an OF th Nuns AE Ad prea 

a ED ER TD A SCRE GER SE eee 

A va de a ee dime es re ee 

ee teak ark ae 4y ee aes 

a en PL 2.8 or oer 
ne ST) as “t A ae | 





sem 


bee arr re § Le 
: “Wa oe 
ater Fi > ree gee? © 
2 Pe or Ciel Dot es Were 
a ROEM CS MEQ ve 
SS 


rE 
Me e 
- he ‘ 
bee oe; t 
eee gig seek, * oy, ‘ 
. TOR tao eee lah’ oes 
SE MEe Te $ 
» CAT ne, Si eee 
‘of oom woe Rie 
Panes F “Oh 


Puc. 4.3. TIpHMep cHcTeM, O6Maqaroulix paso cTeleiibio 
OpraHu3alHn. 


a) pacnpeseaeHHe MAIOTHOCTH BepOATHOCTH Ha OTpe3Kamu X u ¥; 6) pacnpezeeine 

(WIOTHOCTH B@POATHOCTH H2i1 NPAMOYPOAbBHHKOM CO cTOpoHamMu X u Y (MAOTHOCTh BeposrT- 

HOCTH NMPONOPILHOHaAbia NAOTHOCTH TO'NeK Ha pucynKe), cCayyall OpraHH3alHH, paBHoe 

HY2IO; &@) TO KC, OPraHH3aUHA OTAH 1Ha OT HY.1H; 2) TOL*Ke,. OPLAHH3alHA MaKCHMA.1b- 
Hast — Mex Ay AX WY ycraHoBaena ,pyuKWuOHAAbHAN 3Q4BHCHMOCTD. 


B H€3aBHCHMO JlEHCTBYIOIUHC NOApPa3Aelenls, a 8aTeM B TOJINY 
BOOPYXKEHHBIX JODeH. 


AKuBOIL OPraHH3M, NOpaxkeHHblll PakKOBOH OMYXOIbIO; 1Me- 
7 WA. Toteraes 97 
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CY MCHBLINVIO OpFallllganylO MO CpaBHeHiO CO 3/LOpOBbIM, 
PyHKUHH O60.lbHOrO OpraHH3Ma, eFO PCakAHH fia  BHCHINHE 
BOSMeHCTBHA TakxKe "e30praun3ylorca, T. ¢. Wpuooperaror 
XAPaKTeP NCOMHOSHAYHOCTH, CTYYaHHOCTH. 

B ml060M KOHKPCTHOM C.ly¥ae CTATHCTHYeCKOe OICAaHHe CH- 
CTCMbI H C@ HEATCIbHOCTH NO3BOANHCT ONPCeIHTb YACJIOBYIO 
Mepy crelenH ee opranu3aunH. PasyMeetTcu, KOHNKPeTHble 3a- 
au TaKOO THMa MOPyT OKa3aTbCA OYCHb C.IOPKUDIMH H MOTpe- 
OoBaTb WIN CBOeTO PeUICHHS 3aTpaTbl Oobiuoro Tpyza. 

TloppiueHve opralu3aliili CHCTeEMbI ABAHeTCA ClCLCTBHeM 
YCHAICHHA CBAZCH M@KAY Ce XICMCHTAMH, B YWacTHOCTH, BBC- 
WeHHA yopapleiis C uoMOULbIO cHrHadoB, FiMemHo Ho9TOMY 
KHOePNETHUCCKHE CHCTCMLI ABTUOTCH CHCTEMAMH = Opralyso- 
BaHHbDIMH. BaeyenHe YHCIOBOH MePbl OPraHHsalwn NP AAcT 
STOMY HHTYHTHBHOMY IHONSATHIO CTPOrHMl CMBICLI. 

Moxuo 6bLMMO 6LI CBA38aTb NOUNTHC OPralu3aWHi H KOIHYC- 
CTBA HHMOPMALWH Tecuce, NOCTaBHB, WaimpiiMep, BOIIpOcC O KO- 
AHYeCTBE HUMPOPMAMHH, NEOOXOMMMOM Ja OpraiunsallAyH ONpe- 
meCHHOM CHCTeMbI. Takaad mocTaHOBKa BO]IPOca 3aKOlHNa B 
TCX CAYUAAX, KOMLa NPHNOAMIMAA HIBHNe AHPOPMAlLHA He TO.1b- 
KO 3ANOMHMaercad CHCTCMOH, HO HM B&HWeT Ha ee OPraHH3sallHo. 
Tak meno O6cCTOHT B Tak Ha3bIBAeMbIX CAaMOOPraHH3yIOULHXCs 
cuctemax (cm. ra, 11). Moko 6biI0 Obl paccMaTPHBATb J0- 
Oyl0 OpralunsoBaHHylo CHCTCMy Kak CHCTeMY, IlaKOMMBLIY10 
KMPeCTBAPHTCIbuyio» HH@OPMaNHloO, KOTOPaA HW NOSBOTACT ell 
BLINOHSATL CBOH (yUKUHH. 

STH MOCTPOeCHHA Z3aTPYAHAIOTCH NPH HaTHYHH MWeCKO.IDKHN 
«aTaxell> YIpaBNeHHsa, KOra OANA YaCTb CHCTCMbI HeMocpeA- 
CTBEHHO OCYyIlecTBINeT OOpaboTKy HHMOPMauNH No ompec- 
ACHHOMY @FOpHTMY, Apyraa onpeyelacT 9TOT arOpHTM Id 
KAKOMY-JIH60 HHOMY IIPaBH.Ty, TpCTbA H3MeHACT 9TO NWOCTeANCe 
mpaBuio HT. X. Bo3Mo2xKHO, UTO WIA TAKHX CJryuacs noTpeoo- 
BAIHCb Obl CBOCOOPAasHble Pas eJIeHHA OWCNOK OprauvusauHy 
NO «9TAKAaM>. 

[loka UTO KOJIHYCCTBeEHHas OWeHKa OpraHh3allnH cule He 
HALA UWIHpOKOrO HpHMeCHCHHaA Wa MPaKkTHKe. 

Tloupenem HekoTopbie HTOrH. Co6biTHs, BHeUINHe TO OTHO- 
HICHHIO K KHOCPHeTHUCCKO! CHCTeMC, BOZLEHCTBYIOT Ha CHCTC- 
My TAKUM O6Pa30M, UTO BaCTABJIAIOT Ce H3MCHATb CBOE CO- 
cromuHe. JI pa 3ToM OHH COCTOAHHS CHCTCMB! BTpeuator- 
ct uae, smpyrue—pexe. Kaxgoec cocTOAHNHe COOTBCT- 
CTBYeT ONpCAe1eHHOMY BIICIUIHeMy COOBITHIO. ITo coor- 
BeTCTBHe l1peacraBser cCO6oil WudopMaluio oO coObi- 
mun. Tor u3snyecknil oObekT WAH NpOLecc, KOTOP DUI 
PB upesesax KHOepueTHuecKON CHCTCMBI HCTIBITBIBACT H3MCHC- 
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Ms! COCTOMMHS! H, CICLOBATCUIbHO, ABJIACTCH HOCHTOCACM HH (pOy)- 
MaUnH, eCCTb CHTiHad, YUem 6orbue pesHooOpa3sne cocTosHnii 
CHCTEMBI, YM OOMMHPHee MHOKECTBO H YeM JLIHTeALHee oTpe- 
SOK BPe€MeHH, TCM TOApOOuee MoxeT 6biTb ONHCaHO BHEIIHee 
co6bitve. KomnuectBo HHPOPMalHH, nepexaBaemoe yan 3a- 
1acaeMOe CHCTEMOH B Be CHTHAa, 3aBNCUT He TOMbKO OT 
MHOXKECTBa COCTOSHHI, HO H OT pacipegesenns Be POATHOCTel! 
STHX COCTOAHHH. Comepxanve coooilennti (HIM KOHKpeTHaa 
HHPOPMaLMA), (usHueckuh alPaBUT CHrHada 4 SHTponns 
(HJIH KOJIHYCCTBO HHPOPMaUMH) ABASIOTCA HeE3aBHCHMBIMH s9B- 
ICHHAMH H KaxKO€ MOKCT H3MCHATDCA He3aBHCHMO OT apy- 
rHX, 

Curiiast Kak (pu3n4yeckuii MpOuecc CBA3aH C BIICLUHHM Co- 
ObITHeM 93HeprerHyeckH. XoTH curHag CyulecTByer B CHcTeMe 
3a CueT SHCPrHH, KOTOPaH Yepnaetcs H3 MCTOUHHKOB, Npu- 
HAWICK alllHX CHCTeMe, a HE 3a CYeT 9NeprHH, CBA3AaHHOII 
C COOBITHCM, NOPOAMBUINM CurnaJl, Tem He MeHee BOSHHKHOBe- 
HM CHTHasla, NCPBHYHOe H3MeHeHHe COCTOAHUA CHCTeMBI 104 
BO3CHCTBHEM H3MeHeHHii BO BHeLIHeL cpeyqe Npoucxoxar 
© MOMOUeHHeM 9SlicpruH. Horna sieprus, umyuaa ua co- 
SAauHe = CHTHaNa, HNYTOKHO Mala 0 CpaBHeHHIO co Bee 
9HeprveH, KOTOPAaN cBsI3aHa C CObbITHEM. Mnorga xe, Korma 
C4MO COOBITHE 3aKNIOUAeT B Ce6e HHYTOKUO Mato SHeEprHuy, 
COSHANHE CHrHada TpeOyer 3aTpaTbl 3Ha4HTeIbHON nONH Ua 
Hawke BCC STO 9HeEprHH. Sto umeer mecro, HalpuHMep, mpu 
H3MCPpCHHAX WapaMeCTPOB 3/IeEMeHTapPHbIX YaCTHIL — dJIeKTPo- 
HOB, IPpOTOHOB H T. 4, [lo-BHaAMMOoMY, c 3THM CBA3aHp TPYAHO- 
CTH MOTHOTO ONHCAaHHA MHKPOCOCTOAHHI BeULeCTBa, BLIPaKen- 
HbIe B PHSM4eCKOM MIPHHIHNe HeonmpeseqteHHocrh. 

Ec KpynHoe co6nitue 6osibmoro SHepreTHyecKoro MaCcuI- 
TaOa, Hampumep TPOHSBOACTBEHHYIO OlepauHio mo O6paboTKe 
KPYNHOH WeTaM Ha CTaHKe, CNOpTHBHOe COPeBHOBAHHE H T. T1., 
MbI MOMCM HUOMOLATb CO MHOTHX TOUCK 3PeHHS, MOW1b30- 
BaTbCA HSMCPHTCJIbHBIMH HH 3alIMCbIBaIOWMMH = =npu6opamy, 
«CHHMATb> C 9TOTO COObITHA MHOrHe CHrHadbuple Mpoueccnl, 
YBeIMYHBAd OObEM MHPOPMAIHN UM NOMPOGHOCTH ONHCAHUsA co- 
ObITHA, H IPH 3TOM HHKaK He BINATb Ha XOM camoro COOBITIIA, 
TO HaOMOAeHHe NOMOKEHHA ABHAYUelica YaCTHUBI MBI CMO- 
KEM NIPOHSBECTH TOJbKO B TOM CJlyyae, ecllIu ata 4acTHLA 
OCTaBUT CI€N HIM, HHa¥e TOBODS, CCIM Npousoliger B3auMO- 
ACHCTBHE ce C APYrHMH YacTHIaMH, uTO noTpe6yer 3aTparpl 
3AMeTHOH OH SHEPrHH UYACTHUBI H H3MeCHUT ee cocTosHHe. 

To o6cToaTerbcTso, uTO MHOpMala B BHUAe CurHana He 
MOKET CYIWICCTBOBATh BHeE (PH3HYeCKHX OObEKTOB, MOSBOVJIACT, 
Mey MPpO“HM, NOMOHTH K PeCWIeCHHIO OYeHb HHTepecuoro Ma- 
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pawOKCd O TAK NaSLIBACMOM QHTPOHHIHOM ¢ACMONE? Make- 
BCJJa — BOOOPAKAeMOM CYLLECTBE, KOTOPOC, UaNXOdch B par 
HOBCCHOH (PHUBUUeCKOH CHcTeMe, jlocrHvulell COCTOHHIH C Ma- 
KeHMaibHoll Mugnseckoll SUTPONNeH, «COPTHPyCT» MoOsICKY.I1bI 
raza, IponycKkas HX Yepe3s OTBeEpPCTHE C 3ACJIONKOH B OT/LeuIb- 
HB COcyH, CCIM OHH 06.1a1awrT BbICOKOH CKOPOCTbIO, H He 
Nponyckad, CCH CKOPOCTbd Mala, Takand COPTHPOBKa MIpHBela 
6b B KONIG KOIMOB K NOHHKEHHIO SHTPONHH B H30.1MpOBaH- 
nofi CHCTCMe, BONPCKH BTOPOMY 3aKOHY TCPMOAWHAMMKH, Tak 
KAK B OJHOM COCYe CaMOMPOH3BO/IbHO COCPCAOTONH.THCh Obl 
MOJCKYJIbI C BbICOKOT sHeprHell, a B ApyroM—cC HHM3KOI. 
B pe3yabrate, MONO ObIIO Obl HCNO.1b303aTb o6p a30BaBIylo- 
CA paSHOCTb TeMMepaTyp DIA MOlyYeHuA nojesich padornl 
6e3 3aTpaTbl 9HePrHH H3BHe. Ec MBbICJINTS MAKCBe.1OBCKOTO 
nemMoia He Kak (PaHTaCTHY€CKOe CYLMLECTBO, cnoco6Hoe TBOPITb 
uydeca, a KaK peabHubld MpHOop, TO BOTIPOC O eFo padote MpH- 
oOperacT GOAbLIYIO UPHHUKNHAabHYIO H MpakTHUCCKY10 ocTpo- 
ry. Bropoif 3akoH TeCPMOAHHAMUKH WS TaBiid nomBepraered 
NPOH3BO/IbHbIM TO.IKOBaHHAM, H B Hall OHH TO H ACO MOAB- 
MMOTCA BAPHAHTLI <BEUHBIX WBUuraTeell BTOporo POAa>, B KO- 
TOPbIX MeTaloTCH NOMbITKH Oolee HIN MeHCce 3AMbICJIOBATO 
COOHTH 9TOT 3aKOH TipHpODbl. 

Tlemoun Maxcsela, HaxXOMACb BHYTPH PaBHOBECHOH CHCTC- 
Mbl, H@ MOXKeT Pa3JHUHTb MOJeKy.I Apyr oT Apyla, Tak Kak 
Ha Heo CO BCeX CTOPOH MawaeT OMHHAKOBOE KOAYECTBO H3W1y- 
NeHHA OLMHAKOBOFO CMeKTpabHOrO CcocTaBa. ITO OOCTOATEMb- 
CTBO CCTb OHO H3 CBOHCTB paBHOBeCHOroO COCTOAUITA. Jia Toro 
YTOOB] HMCTb BO3MOXKHOCTh COPTHPOBATh MOMCKYAbI MO CKO- 
NOCTSM, J@MOH AOJKEH MOTYYaTb HH(OPMALLHIO O NO.1O7KCHI- 
AX H CKOpocTAX MOMeKy. OHaKo Takaa HH*POPMAaILMA MOXKCT 
OLITb MomyyeHa TOTbKO C MOMOIMbIO CHrHaa, T. C, lipoiecca, 
CBAZaHNOro C SHepricH. 

BHYyTpH PaBHOBeCHOH CHCTEMbI HCMON MOACT NOJIYYHTb 
HHPOpMALLHIO TO/ILKO MpH yCJOBHH, Cc/iH OH 6yfeT NPHMCHATb 
HCKOTOPOe MONOAHHTeTbHOe HHDOPMALHOHHOC VCTPOHCTBO, 
CHrHaJH3Hpylouwee eMY O COCTOMHHAX MOJTCKYsI. Tak, Hampu- 
Mep, OH MOET OCBeWLAaTh KaK AIO MOTEKY HY CBeTOM OT OT- 
@IbHOFO HCTOUKHKA C JOCTATOYHOH APKOCTbIO AIA Toro, u4TO- 
Onl MOTCKY.1a OblLIa HaeCKHO BHAA Ha ore paBHOBecHOoro 
HBTVNCHHA, WT we CO CHCKTPasTbHbIM cocTaBOM, OT-IH4HDIM 
OT paBlOBeCHOrO H3JTyFeHHA (cBeTom Oouee KOPOTKOMi BOJIHBI). 
Ecan mpospectH momcuer sHeprin, HeOOXONUMOHN AIA COSMaHuA 
Takoli HH@OpMallAH [awe HCXOAA H3 MHHHMQJIbHbIX 3aHWMKECH- 
HbIX TPeOoBaHuli, MpeMNOORUB, WAaNPHMep, ATO TOCcTaTOUHO 
Glnoro KBalird cBeTa wa MocgteKy"ly, TO okaxkeTcs, UTO BbINT- 
Luu 
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PbU CROOORNOt sHeprHH, saBaemprt JEMOHOM, He OKyMAT 
SaTpaT SHCPrHU Ha NOTyyeHHe nHNcopManun. SamKuyraa CHCTe- 
Ma «fa3—e@MOH—HH(pOpMalLHOHHOoe YCTpohcTBo» 6yer nocte- 
NCHHO NOBBIWATh CBOIO PH3HyeCKyIO SHTponuto, elaa 9dTO 
IHIb HCCKOJIBKO M@/WICHHee, 4YeM ead 6p ley paBHOBeLeH- 
Nbui a3 6e3 Remona. MakcBe.10B JeMOH JMU HeMHOro 2aMe V 
IACT €CTECTBEHHDIUL IMpouecc MoOBBILieHna SHTPONHH, HO He 
IPHOCTAHAB.HBaCT Cro H YX. BO BCAKOM c1ydae He 3ACTaBIA- 
CT SHTPONMHIO TOHIDKATLCH. NE 


TE ee 
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IEPEJEAWA CHTULALDA 


Curia Moker Obits Nepean OT ONO KHOCpHeTHACCKO- 
ro yeTpoiictBa K APyrOMy. ITO OANO 13 CaMBIX CYHLCCTBEHUBIX 
cpoticrs curnaia. HMenuo sTo cBOlicTBO TO3BO.TAeT WpocTpall- 
CTBCHHO PaASIGICHUBIM YaCTSIM CHCTCMDL HAT Pas-THAHDIM CH- 
cremaM geficrsopaTh corfacopauno. Muorga nepelada CHTNa- 
a APONZBOANTeA Wa OUCH GOAITHE PaccTORINE fae re 
MaX TCACVIPABICHHA, B CCTHX CBA HW Tak jJacjee), HWHOrLa 
KO — 11a MATbIC PaccTOANHA B Mpeleedax OAWLOLO VCTPOHeTBA 
(nepetaua YAC.1a 113 6.10Ka WaMATH B APINPMCTILWCCKO yeTpoll- 
CTBO B dXICKTPONNO! BHMMCHITGIDHOM Malic, Hepe tava BO} 
Cy aK CH TO HepBY). 

Texunka nepesadn CHrMada UMCeT ACTO  C (PHBHUCCKA MH 
rpoueccaMu, KOTOpble MepeHocarT CHrHad, c aHacTH30M npoTe- 
KANHA STUX MpOWeccoB BO BPEMCHH H MpoctpallcTBE, C (busnue- 
CKUMM CBOLICTBaMH CHCTeM, B KOTOPBIX 9TH NpPOuecchl Mpore- 
Kalor. Ectecreenio, YTO Ad Tepesawit CHPHA.TOB HCMOAb3YIOT- 
cst TC (PPH3BUNCCKHE MpOWeecnl, CBOLICTBOM KOTOPBIX  SIBATACTCS 
PACHPOCTPANCMe, NCPEMCHICHHE B mpoctpaneTBe. K nx uneTy 


a 


OTHOCHTCH BO THOBDIC Wpowecc bl PasAHYHOLPO Doha (3BYKOBDIe 
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BOJHbI, PaTHOBOJIHbI, CBET) HIM MeXaHwyeckue mepemeulenna 
NpeAMeTOB (mouTa). 

[lockoabky BCAKHit CHrHad Aa Toro, uTOOBI Ne PeHOCHTb 
HH@OPMALHIO, JLOKEH HMCTb BO3MOMHOCTH IIPHHUMaTb pa3- 
(MYHBI€ 3HANCHHA HH COCTOAHHA, TO we Tpe6oBanne Mmpexb- 
ABIHETCA HK PHSHYECKOMY Mpoweccy, UcnoAb3syeMomy WIA 
nepelaun CHrHadla. B ynpouleHHOM BHe Reo MOXHO 6bIIO 
Obl MpeACTaBHTb Tak, KaK 6yATO Obl OT MepemaTunKa K npuem- 
HHKY HeMPePbIBHO ABHOKETCH HeYTO, Ha 4YeM TepexaTuuK Mo- 
KET JeaTb MOMCTKH B BHe CHMBOJIOB HeKOTOpOro asidbaButa. 
ITH MOMeTKU, PacMpocTpaHsAcb BMecTe c HX HoOcHTeneM, 
AOXOAAT LO NPHEMHHKAa, Te NOMeTKH CHHMAIOTCA c HOCHTe.TA 





Pie. 5.1. Cxema Kanata CBASH, 


f—neromnik coosuenmit — rrrenmee CoUbIriIG, 2— KODTpyoumec yerpoficrro — 13 
WEDUITCAL-MATMIK, KOppecnounent, 3 — MOAYATTOP-AepeatunKk, 4— renepaTop necy 
UUtX KOTeSameut, 5— cpesa Nepe kau, 6 — WCTONNNK WyMOR, 7 — NPHeMAIK, 8& — Memo 
AYAITOP, I —~ AeKOANPViortee yerpolierno, /0—nenoanntesnuoe ycrpolictpo — anpecat 


HW HCpenvocatca HH MpeoOpasytorca B unylo bopmy. Tax, Ha- 
IPHMCp, B CHyuac padnoTemepona «HeyTOy, KoTOpoe mepeme- 
HtacTCa OT MepelaTawkKa K TMIPHeMHAKY, MpenctaBrser co6oti 
ITCKTPOMATHATHOC = H3-TVECHHC, a «TOMCTKHYy — MOAY-TSILHEO, 


Monyasunus 


MOoAYAILHelt HasbIBaeTCH H3MeHCHHe Bo BPCMCHH OJIIOTO 
3 MapametpoB (xXapaktepucruK un CBOHCTB) (du3nuecKoro 
mpomecca, uecyulero HH*opMaualo. Uaure seero HCMOJIb3yeTCA 
NSMCHCHHE = MOULNOCTH KoJeOanuit. ABtomo6nabublit ryzoK, 
3BOHOK, CHpeHa .1H60 MovyaT, J1H60 BKTOYAaIOTCA Ha MOJIHY1IO 
rpoMkocTb, Hx BkKJIOUeHHe HM BBIKJIOUCHHE ecTh MOAYJIALH A 
3BYKOBBIX KOeOanHi. Muranue cperosoro curuasta — IIpHMep 
MOAYISIUHH CBeTa. BuOpalua 3ByKa NpH neHnH na urpe Ha 
CKPHNKE — NpHMep MOAYJAUHH 3BYKOBDbIX KONe6aHHit No ua- 
cToTe. 

Yale Bcero NOHSTHE MOAY.IALUH IIPHMCHACTCH K BOJIHOBO- 
My MWpoweccy, T. e. kK Mpomeccy pacnpocTrpaneuua Komebaunht. 
Bostuosoli mpouece onncplBaeTca 3aBHCHMOCTbIO OT BDeMeHH 
HW PaccTOmMHIAsA NCKOTOPOH DASHYeCKOH BeHYHIIbE maBJleHHs 
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baad BO CIYUG SBYKAa, TUL pAAeEHUC EH QIeKEPHHe COLO ET 
MAFHHTHOTO flodd B clydae paanopo.ibl. B mpocrchien ely: 
“ae STA BABHCHMOeTh WpencTaB.TAeT COOOH CHHYCOHAATHHYIO 
(PVH KIL EO 


=o Asin (wl + 9p). (0.1) 


Dra MDYHKWI ABISICTCA PCWICHHeM Jnneitvoro An@iepen- 
(aJIbHOTO YPaBHCHHA, KOTOpPOe ONHCbIBACT NOLABAAIOINCY 
OOJIbLIHHCTBO PeasIbHO BCTPeualOULXCA MpoUeccoB KOTCOARITT. 


Poe. 5.2. Bpemenunaa Aare 
paMMa CHAYCOULAAIDHOLO KO- 
acOaHusn (A — amity la 
KOmeOaHHs, [-- HC PHOM KO.TC- 
OANUA, Poo HaNAbHaAA (pasa 
xomedanus, f= 1/T — vacto- 
Ta KOmMeGauuii). 
} -- KomeGanlic ¢ N3M@HCHHOH aM 
UUTyRHOW, 2— KowcOauwe ¢ WsMe- 
HeHHOM Hayactpnolh dasoii, 3% -- 


Kone6aHHe C HEMCHCHIBIM Te Pllo- 
now (yacrorah). 








\ i @ 


Tounee, peuietiem sBdered He CHHYCOH Tat biad, a ROTO- 
HCTUUTAIbIA PVUKONS BATA: 


7 “of 
eg Oe ae 


ric Co @--- KOMIMIEKCHGIG UHCJa, 

CHHYCOW{aJibHad yHKIMA Mpewerabeldler cUGUlL ac THblll 
clydal SKCNOHEHIWAJbHOH AJA WICTO MUMMOTO apryMelita 2, 

Beakylo Gosiee CIOMKHYIO MepHOANYECKY 10 (PVUKINMO MO”AKHO 
MpeACTABHTb Kak CYMMY CHHYCOI/LAJIbHDIX, | 

Tlapametp AB (5.1) (HaHOonbiee BHateHHe 1) Hasblpaerca 
aMNANTY Lol CuNyCOHAbL SHaucHHA CHHY COMA DHOH = PYHKIL 
HOBTOPMOTCH YCpes paBHbIe MPOMEKYTKH BpesCHH TEC An 9oe 
Me@THTb KaKOe-JIHOO 3HayeHtte, HarpuMep == 0, Ha BOCXOAALLEM 
yuacTKe KpHBoH, TO TO we CAaMOC 3HACHHe I TOKE Ha BOC 
XOMAILEM VuacTKe CHOBA MOABHTCH Wepes HpOMOKY TOK Ee-2r 
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OF Ww tA 7 uaspipacress ne pie gow KOvIeOals, YHCO Mepie 
OAOB B CeKYHAYy LIT = )—uactorok KOvIe6aHHA, a UactTo- 
(ad, YMHOKCHHAA Ha 2a (2nf==0)—KpyroBoli vactroroii. 
Bevuuuna OF -+ $= 2rft-+ 9) HaspiBaetcs Paso wim Teky- 
leit cbasoit KoleOaHHa, a 9, -— HadabHoli dasoit, 

18 BOJHOBOrO Mponecca apryMeHTOM CHHYCOHaJIbHOH DyHK- 





HH ABJIGeT una @ = S , 
HH ABJIAETCA BCNUHHa D —= (t= aL KOTOpad MaeT 3aBHCH- 


MOCTb I] OT PacCTOAHHA, UOT 
bpement, /.is HexoTopoit rou- 
KH TipOCTpaHCTBa, MOJIOKHB x 
PaBUbIM MOCTOAHHOH BesmunHe 
(KOOPAUHATe TOUKH HaGmone- 
Hilsl), Mbl MOJIY4HM cCHHYycon- 
UIDHYIO 3aBHCHMOCTb OT Bpe- 
\Me@HH (CHHYCOHAaIbHOe KouIe- 
Oanne); JWI HeKOTOporO (puK- 
CHPOBaHHOr.) MOMeHTa Bpene- 
Hi, MONOMKUB £ PaBHLIM mocTu- 
SHHOH BeJUINHEHC, MOYYHM cit- Puc. 5.3. Beryuladt# BowHa B Mpo- 


HYCOUJlaJIbUyIo 3ABHCHMOCTH CTDaHcTBe B NOCIe NIOBATE JIbHbIC 
MOME€HTbI BpemMenn (P — nono xKeHHe 


OT paccTosHHd.  SacduKcupo- , 
= OTMeueHHOH Pasbt KOMeGOants). 
BAB TeKYINYIO §=6(pa3y —BOLT- i 





Xx 
‘| Retwrnee ry 
Hb v= w ( --- |) +0, Mb 3AaMeTHM, UTO KOOPAHHaTa 3ToOil 


(pa3bl MCHseTC CO BpeMeHeM; OHa tepemeniaerca co CKOpO- 
crpio vu. Boaua ,6caxKunT, coxpaHan rio NVTH CBOIO opmy. 


r eee f 4 ad 
(PYHKILH (==> Sin ( _ i )+e, ONHCLIBACT HCMOAYJIHPOBaHHyioO 


BOUHY, PaCNPLCTPAaHMOULYIOCsH BAO OCIE X CO CKOPOCTHIO ZV. 
DB KaveCTBe MOAYJIAUMH MOKHO HCNMOIbD30BAaTH H3MCHeHHe NOOO! 
NS BeWHYHH, iapaMerpon, B BpIpaxkenHi jit u (5.1) A, @ 
Il), Moaxuo, wanpumep, uaMelatb no CHHYCOHAaJIbBHOMYy 
He APYEOMYy SaisOHy AMIMIHTY Ay Bomb. Mbt nomyuum awo- 
SUIT VCLIEV IO) MOJLYJISLLHIO 


Wea [A)-F A, meosQ DP} sin (oD +. 9). (9.2) 


LI3 Meus §=CHHYCOHAacbILO HavabHyio (a3y, 6yAeM uverh 
(PasORY IO MOY AITO 





u = Aysin (w) + g) cos Qw), (5.3) 

Hameusat wacroty, NoAyyHM YacToTHyio MOJLYJEALLITEO 
Ws Aysin[(,-L © , cos 2) eo). (5,4) 
10) 
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Muorita uactoruyio un agonylo MOjly-IMWH BRAY WS 
CXONCTBA OOBCHHMOT NO OOWWMM Ha3sBaHlieM yraoBol 
MOAYIAWLHH (TAK Kak Tip OOOKX BHAaX MOAY ALLE TIPOUCXO- 
“WY H3MCHeHHe (pasnl WH (asoBoro yria, HO HO pashhint 3 a- 
KOHaM). 

MyNKNHA, OMNCHIBAIOMLAt  SAKOHOMCPHOCTH. H3MCHCHHS 
HapaMeTpa BOUBI, HasHlBacted MOLYAMPYIOMeH  YHKILACI. 
TOJIDKO MOY JUpylollas 
(pyiKkius Hecer HHPopMa- 
IO. ITO MOwkeT ObITh KO- 
1e6aHue, TOBTOP AIOWLCC 
peUb HH MY3bIKy, MJT 2c 
YCIOBHbIC 3HaKH — CHMBO- 


Jbl TC1lerpaDHoH Wepe-TagH. 
: | Se a OcHopyoe Ko.1eGaline c Ya- 
HAA | 
| i ny 


zw 


-—— 
i 
7 


| 
ia 
| 


Ls] a sit 
cTtoron f=5z MpeacTananet 


Hl coOOH JHIMTb CpeicTBO TIC: 

t peneceHua — HAPOPMAILHH. 

| Ouo wagpipaeTes Hecy- 

| lim KovleOéannem. Ero 

posIb B Hepewaye coodLle- 

His HoO.OGua pot OyMarn, 

Wa KOTOPOH = WamHcalro 
MUCbMO. 

Ha ImplHeMHOM  KOiTe 

Puc. 5.4. Mo;ty asus. KaAHala CBA3H Bh IACTCH 

{ — uecyuree KoreGanne, 2 — MOAYAUpyloula:! MOLY -THPytouta a (DYHKILHS, 

Deane 4 cmteromie noayanpominoene:  KOLODaS 3 TOM: Hall WOM 

1eOAHTC. BHC WOBOAHTCH MO afpe- 

cara -— UCIOBeCKaA HAM CH- 

cremb yupaBiouns. TIpoicee BbL@ICHHs MOT NpYIouLell 

(DYNKNHH Ha3zpiBactcA ACMOAYAANNCH HIN TeTek TH 

poBaHtemM. Crocod erekTupoBaliia 3aBinCnT OT BUA M5- 

SLY ST SIUHIT. 

PaccMOTpHM H€CKOJbKO HpHMepoB. CBer lperlerap.tser 
cOOOl, KAK H3BeCTHO, 3TICKTPOMATHHTHbIC KOTCOANNA BeCbMa 
pbIcoKUX YacToT (Mopsiaka 10! repu). Hpu repetaue coooiue- 
HE C MOMOULbIO CBCTOBBIX BOJIH HCTOUHHKOM KO.1eOallnit HeCy- 
efi YaCTOTH! ABAACTCH <1H6O CaM HCTOUHHK HN(pOPMaLHH, 
mu60 nocTtoponnuit ucrouHHK cBeTa. LIpHeMHHKOM ABIIAeTCS 
mui60 raia3 wuUBOTHOrO, 1H60 cdotossemenr. [Tp curnadn3auny 
recIWNOrpaoM HCHOIb3YCTCH AMIITYATAH MOAY UUM. Morty: 
NHUpYlOulelt (PyIKUNeh Tale Becro ABATMIOTCH TOUKH HW THD’ 
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a36yku Mopse. Mogzyasuua Bp atom cTy4ae MMeeT BUA «mps- 
MOYTOMBUBIX HMIYJbCOB>:! HHTCHCHBHOCTb CBeTa O4eHE ObICTPO 
BospacTaeT OT HYIs# MO MA@KCHMYMa H yYepe3 HeKOTOPhIT mpo- 
MCKYTOK BD€MCHH CHOBAa GObICTpO Nagaer mo HY JA. 

Curuasiv3auua UBeTHBIMH (poNapsAMUN THMAa cBeTodopa nan 
ACTC3HOMOPOMKHAN  CHTHATH3alHnA MCHONb3YeT  YaCcTOTHYIO 
MOAYTAWMIO, TaK KaK CBeT ropuT HENPePbIBHNO C MOCTOSHHOL 
IINTCHCHBHOCTHIO, IO MCHACT IBeT, T. e. YACTOTY He€CYIMHX Kovle- 
OaHHhi. 

_ Spee mpencrapiser co6olt crash MHOTOKaHaJIbHyWo, 
[a3 BONpHHHMaer OAHOBPDEMCHIO O4Y€HbB MHOFO OTEbHBIX 
CHTHATOB, KOTOPBIC, OYAYYH CBASAHBI Apyr c APYroM, jarwr 
B KOMONNALMH CAOKHDIII CHrHasi — o6pas. 

SBYK TakKKe ABJIAeTCH T€PCHOCUHKOM HHDPopMaunn, Curna- 
THSAWNA = 3BYKOM HCMOb3yer AMILIMTYRHYIO = MOJYISAILHIO 
(BKTO04eHHe ryqka). YerpolicrBo Tuna 9XO/10TA, HSMepsIIOIMHe 
riyOHNy BOLOeCMOB TO BDeMeHT NPHXONa OTPaKCHHOLO 3ByKoO- 
BOPO CHHada, HCHOMb3YIOT AMIAMTYHY10 AMNYJIbCHY!O MOsY- 
‘TMUMIO HIM Ke YaCTOTHYIO. 

OOmenne sosef TOCPCACTBOM Pa3roBOpa HCHOMb3yer Kak 
OMIVIMTYAHYIO, TAK H YACTOTHYIO 3BYKOBYIO MOAYASILMIO. To 
*KC OTHOCHTCH H K MY3bIKe, HO B MY3bIKe MOAYASUNA 3aMeTHa 
OTUCTIHBEe, TAK KAK 3BYKH Pa3ilOll BLICOTLI MH CHIE B MY3bIKe 
BBISBJICHbI pebeuee, ¥eM B peu. Oco6eHHoctTHIO peyn (KaxK, 
BIPOYCM, H OPKCCTPOBOH MYS3bIKH) ABAAeTCA TO, UTO B sByua- 
HH JIPHCYTCTBYIOT OAHOBPEMEHHO KOJCOAHHA PasTMUHBIX Yac- 
fOr © PasIM4HbIMH aMIVIATYLaMW. ror na6op KomeGaunuii 
MCHSACTCH BO BPCMCHH. OTe@IbHbIe 3BYKH peuH — onemyt, 
SBYYAHNA OTACIbHBIX MHCTPYMe€HTOB OpKecTpa, orauuaiotca 
py? OT Apyra CBOHMH CiekTpaMu, T. @. pa3sM4HpM cofep- 
KAUNCM KOTCOAUHH C PaSMHYHbIMH YacToTaMu. TeMOppbI ro.to- 
COB MOSBOMIOINe Y3NaBaTb 3HAKOMBIX MPH pasroBope no Te- 
neory, Take onperetsorca comepakanvem PasJIHUIbIX uac- 
POTHBIX COCTAB-THIOULMX, T.e€. cmeKTpom, K dba30Bbim coorTHoule- 
IHAM 3BYKOBDIX KOeOaHHH yxXO YeOBeKa ICUYBCTBHTEIbHO. 

ITpoueccom, cryKalluM jt nepemaun CHrHadla, He O6s- 
3ATCIBHO JLOJUKHBI ObITh KO.Te6anHHa. Tlepeqaua curnasa 6c3 
ICNOMb30BAHHA KOMeOAHMI MOKET OCYULECTBAATHCH, HANpHMeD, 
- NOMOIMbIO SeKTPOCTaTHYeCKOrO HAH MarHuTocTaTuyeckoro 
10.19, QAeKTPHYeCKOe NOWe PacnpocrpaHaAercs BAO mpoBowa 
[ BbISbDIBaeT B NPOBONe H3MeHeHHe JeKTPHYecKOrO TOKa. ITO 
(CHOMb3SYeTCH MPH TeserpapHpOBaHHu MOCTOAHHBIM TOKOM HJM 
IpH Teseounon mepezaye. Monyaauua np atom Hasloxena 
[a HOCTOSHUbUL TOK B TIpoOROte. 

Tiorna wenowsyeres uw mocrostioe marimnrioe nove, He- 
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LaABHD B Melani CooduLatoeb OG UCHOTL3OBATHN MOLMPOLC 
JICKTPOMAPHUTa Jil Mepesauit KOMaH peaiccepa akTepaM 
B KHIOCTYAHH IP CbeMKAX 3BYKOBBIX ()H-TbMOB. Tlocropounne 
BBYKIL B CTY H@AOMYCTHMLI, CBeTOBbIC CHIIa.Tbl Hey OOH! 
i uetocratom, Plepetaua c MOMOMbIO MariHTHOTO NOTA 
OKAsaTach OvelLD YIOGHO! B 2TOM Calyyae, Pescccep Wa O.110- 
raer 32 CbEMEGIL H3 B3BYKOH30.1NPOBANHON KAaOubl WH Aact 
yKa3alst akTepamM Bp MuKpodor. Ton B3BYKOBOIl YACTOTHI MO- 
AYUIpylor MaruWrocTaTHyeckoe NOAC, KOTOPOE NPOHH3bIBaAeT 
cryamo. Tprewnnk, mpespaulaioutnit H3MeienHa MarHATHor 
MOTs B 3BYK, YIA4IOCb CHOTATh HAaCTOADKO Ma@-TbIM, NTO Ol 

vioKer ObITb HesaMecTHO 


f HasMeulel BUSTe YXa aKTe- 
4 | . pa H saMackHpoBal Tpi- 
ae a re ee nr ee 


“veCKOH H KOCTIOMOM. Teule- 
(bounad  pyOKa pa3Me- 


? | HLACTCH B YLUHOIM PAKOBHINC. 
{fH —« HocireamMy  iHdopma- 
IH «MOry?T ObITD H TAKIHC 
Pic. 5.5. HiMiy.tpecut. HpoUecchl, Kak TelONpO- 
J — UMMYy.IbCh MpsMoro (.mocTOARHKOL oO") 10- BOJLHOCT, qadDy3nsA, TEUe- 
Ka (RIeOUMMY-TECbI), 2—-UMTYABCLE KosICbDa- ae} Yi : 
HiT (PAIOMMAY ATLCbY). HWHe WHTKOCTH HWUIH Td3d 
oT. &. Tax, curuad, yipa- 
BASIOWLNTT TCPMOCTaTOM, MocruracT WYBCTBHTebHOTO aJ1eMeH- 
Ta HOCHeACTBOM TCMLOMPOBOAHOCTH. 3anax JbIMa, mIpeympea- 
TAIOULUH TOXRAPHY!O OXpaily O06 OMacHOCTH, MepemaeTcaA ANG- 
bysuell W1H TOKOM BO3SLYXa, Bo36yKJICHHe HEKOTOPDIX HCpB- 
HbIX H@HTPOB NPOHCXOAUT B TOM C.lyuac, KOPAZa TOKOM KPOBA 
K HUM TIPHHOCHTCa HEMCICIIOC MO CpaRucHitto C MOPMaJIbHbIM 
cCUPIeCTBO XHMHUCCKOTO BCILeCTBa-— ropMoa, Tak MpOHexo- 
luT, HaNpHMep, BOS6yAR ACHE LIXATCALHOLO UWCHTPa TOAOB- 
HOTO MOB3PA WIP YBCTHYCHHH KOUUCHTPaNh YMICKHCOTO Tasa 
Bb KPOBH, OMBIBAIOULCH MO3r. Bryce — Curia, HOCyIMH HAop- 
MAILHO O KAUCETBC IHU, Takwke Tepe laeTed C MOMOULbIO XH 
MHYCCKIN BOWOHCTBHE IPH H8MCH@INIMN KOMLCHTpanyH 3C- 
ULecTBa. 

113 Beex NpomeccoB, HecyuLuX Hi@opMaiHio, HaHOo.Ibuee 
aHaUCHHe B TCXHIKC CBASH B HacTOAULee BPCMA HME€T, NOAKa- 
nyil, pacnpocTpaneHHe 3.1@KTPpOMarNHTHBIX KO.TeO ann — pa- 
anonowmbt. B pagvocna3H MpiMeHsetesd HW AMININTY Mas, HVA 
crotuad Mogayaamnu. IIpH asTOM WACTOTHI HECYINUIN Ko.1e6 anu 
MOPVT .1@2KAaTb B OUCH b LINPOKNX MpeMeTax (10* —- 10'° rep). 

B noccseniee BpCMa B PAMHOTeXHNKe NOTYUHA pacipo- 
CTPQHEIIG TAK TASHIBACM AS EMIV TDCI MON TATIEN, KOTON AS 
ns 
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ao LLL, 
‘LULL Ut, 
Sk, 
TLIUULLEIU UL, 


re 
Puc, 5.6. Umiyapcno-Koqopadt Mo;.y cits, 


/—~—MOAyANpyloulan cbynKkuus, 2— HeCyuie HMNYJbLeL, J — 
MOAYAAUHA NO aMNAHTy Ne, 4— MOZYAAUHA NO YacTOTe, 5 — Mo- 
AYAAUNA MO NOMOKCHHIO, 6 — MOAYAAUHA TO INH pHHe, 


SacTYKUBAeT OCoboro ynomHHaHua, MMnyapcn nperctaB.nior 
cOOOH NpoTeKaHue TOKa GOOMbWOl CHIE B TeYeHHe OUeHL KoO- 
POTKHX MPOME*KYTKOB BPeMEHH, Pa3MeICHHbIX NPOMOMKUTeMb- 
HBIMH Tay3aMu. Ecuin paccMaTpHBaTb cepHlo HMIYAbCOB Kak 
“MpOuecc, MpoTeKawollu BO BP€MCHH, TO CTANOBHTCH ACHO, YTO 
HMTYIbCbI MOKHO NPOMOMyHpoBatb. Moxyaaunio np stom 


odd 

nn! Lhtpe tld, 
Pl cnsasece LIU ULL, ° 
eee Li ii ot LOL 

~ ULL,» 


rt : : 

9.7, OANOBpeMeHuOe HavomeHne MOAYASMHH Pa3THHbIX THOR Ha 
OHH Hpouecce. 

/—Wecyuie HmMnyabcn, 2— MODYAUPYIOUlaN bykKUNA 

3 — BTOpad MOAyAupyloulan dyHKuA H MOJY.IAWLHA nO 


mae PYHKUNA HK WacTOTHAA MOAYAAUHA, 5 — COBMeMLee aMnaryAHolt, wacrorHolt 
HWIPOTHOR MOAYARUn C pasAHuHBIMI MOAYANPYIOUUIMY (DYHCMHAMH B OJHOM 


uporecce, 
109 


Pipe: 


aMMAHTYRHat MOLYAAUHA, 
WHPHHe, 4— THpeThA MOAYaANpy- 
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MOAHO OCYIRCCTBHTD PpascHubIMi cHOco6aMI, IaipiaMep, 19 
GMIPHATYLG HMHYIbeOB, HO YaCTOTe WX HOBTOPCIAs, HO Todo 
YKCHHIO KAKAOTO HMAYbCa BUDCACIAX TepHOJLa MOBTOPeMatd, 
no LauredbHoctH, MoxHO NP 9TOM OAHOBPCMeHHO NPHMCHATH 
RBA WIM TDI BHLa MOAYJASWHH K OAHOH MH TOH %#Ke Nocde1o- 
RATCJIbHOCTH HMIiy.IbCOB HC3aBHCHMO ApPyr oT Apyra H ATH 
nepeayH BYX WAH TpCX PasIMUIbIX COOOULCHHH OANOBpe- 
Menno. Une.to OMOBPEMeCHHO NepCTaBaeMHIX COOOUTCHMIL MOA- 
HO CHUC VBQINYHTb, CCI B MNPOM@2AKYIKU MCACLY HMILY<TbCa Mi 
HOMCCTHTb HOBLIC CCPHH HMMY<IbCOB, MO/LY-THPOBAIIIIble He3a- 
BHCHMO OT IICPBBIX, 

OHWOBpeMeHHas Nepeqaua WBYX HC3aBHCHMBIN COOGIUCHIH 
Ha OcULOl OGUECT WeCyUECH MOAKOT OCYINCCTBAIAT HOS HC TOMbKO 
PH HMMYcIDCHO-KO;LOBOTL MOAYIALHH, HO H TPH HCHO.Tb3OBa- 
IMM HCHpepbIBibIX Kodc6anHi. B sToM célyyae HCMOIbSYIOTCH 
OANOBPEMCHHO KAK AMILNITY Wad, TAK WH GasoBad MOLY TATA. 
[epeapacMoe KOCOaHe CKTATbIBACTeH H3 /LBYN He 3aBHCIIMDIN 
KoMeOaHHl 


j= Ay fl 4- nt, Fy (O] sin of, 
11, == By [1 4+ mtgfa(t) | cos of. (9.9) 


Cymmapioc Kome6alne UU; Ug OKABHIBACTCH MOLY 
POBAHNbIM H HO A@MILIATy-te H To (ase, MPHYeM Ha MPHCMIHOM 
KOMUC H3 HOPG OKA3bIBACTCH BOBMOMKHDIM BOLLETHTb HCPBOH l- 
TacIbIIbIe COCTABTSIONWE H HN Moayaupyoume pyusxman |) (7) 


Il I> (1) ‘ 
MckaxKeHHa 


Ilo yr oT BXOTa HepesaT4WKa {LO BbIXO AA NPHeMUHKd 
CHLHaT uperepieBacr [BosKOrO POAa MCKaKCHHAL BO-NCPBDIN, 
Ha wero BosleficrByloT LIyMbi, T. e. CyuaHubie H3MCHeHHA 
B cpese pacipocTpanenus HB amlaparype, 4, BO-BTOPLIX, Ol 
HO-BCpractcsd MCKAKeHHSIM 3aKOHNOMepHOrO XapakTepa, KO- 
TOpble BUOCATCA CAMO! annapatypoll H ope leisiloTcA ce Xa- 
PAaKTCPHCTHKAMIL C MWYMaMIL Mb ye 3aKOMH!, paccMOTPHM 
311eCb BKPATHe SaKOHNOMeEPHbIC HCKAACHMA. 

Ecald Mbl HMC@M Kaky!0-4H60 CuCcTeMY, 06.1a,al0lly!o HHCp- 
ILUCH, H BOZ1CHCTBYeM Ha Hee NeKOTOPO! BIeWHel CHAOH, TC 
CMEHLCIHIG CHUCTEMbI H3 TOTOKCINIS PaBNOBCCHS! HpOHSOH ACT 
H@ MPHOBCHHO, a “IHLIb locTCiHeHHo. 

Tak, CCH Mb NOMbITACMCH ABHTaTb MaCCHBHOE TAO M9 
II@pOXOBaTOll NOBePXHOCTH C€ HOMOIKbIO 91acTHNHOTO Wifypa 
IIH TIPV2Kitbl, TO, TWepeMecilan CBOOOMHbUL KOHeI, IWHypa paB- 
HOMCPIO CO CKOPOCTHIO Uy, MBI 3acTaBMM  Fe.TO ABHUTaTbcs 
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C YCKOPCHHCM, H OHO JLOCTHPHET CKOPOCTH Uy SHUI CHycrs 
UCKOTOPBIT = (TeopeTHyeckH — 6ecKOHedHO 6oO7bWOf) Nnpome- 
AYTOK BPCMeHH. 

Takoe Ke sABAeHHe NpoNsoligeT, ecJIM K 9JIeKTpHUecKOH 
UCMH, COCTOAIWCH H3 €MKOCTH, HHAYKTHBHCCTH MW COMNpOTHBJIe- 
HUA, NPHIOMKUTb X.TEKTPOABHXKYULYIO CMY. TOK B Wen B 3TOM 


2 
i 


Puce. 5.8. CucremMbl, oddajaioumue HHepmne li. 
{— TAxKC10e TCO, NPHBOAHMOE B ABHIKCHHC NO wepoxoBaTOH NowBepxuocTH ¢ LOMO- 
ULLIO 9aCTHINOPO Wnypa, 2 — 9eKTPHYecKkaN Wenb, COCTOAUIAA H3 COMNPOTHBACINS, HH- 
AYKTHBHOCTH H @MKOCTH. 








eryuyac OYACT Hapactatb HMocTeleiliO HW NpHOWoKaTbCa K Mpe- 
AC IDMOMY SHAYCHHIO acHMMToTHyecKkH. B 3aBHCHMOCTH OT Co- 
OTHOINCHHA WapaMeTposB ft, p, € (MaCCbI, COMPOTHBICHHSI 
ipenHs, XTacrHunocTH) win L, R, C (wHayKTHBHOCTH, Conmpo- 
THBJICHHS, EMKOCTH) MOPYT BO3HHKATD pa3.IH4Hble WepexoAUble 
mpouecebl. KosmeOaTesbubi 1¢- 
PCXOMHBIN Tpowecc IIPOHCXOAUT 
HpH MaJIOM TpeHHH (CONpOTHB- 
JICHHH) WO CpaBHeHHIO Cc HHep- 
INcH H Yyupyrocrbio (WHAYKTHB- 
HOCTbIO H eMkocTbIO). Anepuo- 
AUUCCKHM mpotecc (6e3 KO1e6a- 
HHH) iPOHCXOAAT IPH 6O.1bLIOM 





t 


r 


Pic. 5.9. JBuakenne cucrTeMbt, 


COMPOTHB-ICHHH. - ‘ BS 
23 | ae oOManaoulei  HHepuuell, nog 
CANaZDIBAHHC PeaKIlHH (pH- WeHCTBHEM BHeIUHe! CHIH. 
3HUCCKOH CHCTCM Db! Ha Np (= 7 — puemmnee BO3AclicTBuHe; 2,30— pa3- 
MKECHHOC H3BHeE BO3 TCHCTBHE AHUHBI€ THHBI J BUSKEHUS. 


mpescraBiser coOoH sABTeHHE | 

BCCbMa OOulero XapakTepa. Ono timMeer MecTO H JIA MeXaHH- 
YECKHX, H MAJIN QNeKTPHYECKHX, H MIA AKYCTHYeCKHX CHCTeM. 
Peaki{HH BCCX 9THX CHCTeM IIPOTeKalOT MO CXOHbIM 3aKOHaM 
H MOryT ObITb CTpOro ComocTaBJeHbI Apyr c Apyrom. [Ipua 
MOPMA@JIbHOM ONHCAHHM Pa3JIH4HBIX CHCTCM YPaBHeHHA, ONUCLI- 
BaAIOWHe H3MCHEHHA HX COCTOAHHA, COBMATaWT, H TOJIbKO KO- 
XPPHUMEHTHI B YPaBHCHHAX OTAHYAIOTCH PasMepHocTHlO. Tak, 
Macce TQJa B MeXanHuecKkoH cucTemMe (HIM MOMeHTY 
HHe Plu B clyyae BpallaTeIbHOro ABHKEHHA) COOTBeT- 
cIByCT HHTYKTUHBHOCTbL 9JeKTPH4YeCKOH CHCTeMbI H 
HHe€PTHOCTH AKYCTHYCCKOH. IQNaAcTHUHOCTIH 
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MOANGNYCeROH «CHIC Le MBE | (f.@. CBOHCTBY Acop MUPOBa Lbs 
HO, eHCTBHEM BHeWUeH CHIbl) COOTBeETCTBYe€k CM AUCH! 
IMCKTPHUCCKO! CHCTCMBE HO akycTHUPecKay CMKOCT bh. 
Cue Tpewiu st COOTBETCTBYeT B1CKTPHTECKOe HO AKYCTHIC: 
CKhOO COMPO TUB IC1ITe 

AllaclOrust MCKAY MCXAHHYCCKHMH, SICKTPHYCCKHMH HH ahy- 
CTHYCCKHMH SIBJCHHAMH MOKEeT ObITh WpPocNcAKCHa OYeHb Male- 
Ko. MuorHe CAOMKUbIE M@XAHHYeCKHCE CHCTCMbI MOVKHO NOBTO- 
DHTb HTH «MOJ@THPOBaTb» 3JICKTPHYeCKH H Haobopor, F1pe- 


Urge “pez 


ee 


Ups 





Pre. 5.10. Jue Hubie HCKAMCHHA CHEHA Za. 
a) pxonioit curnaa; 6, 8) HCKAMCHHBHT CHEHG4 Ma BBIX© i 


HS HHCDIWOUHOCTIE HpOABIHOres Mp Hepemade  ibitde les 
NPHHUHNHATbHO OAHHAKOBO B JHOOCK CHCTEMe CBsIBH, HesaBil- 
CHMO OT ce NPHpOAb, H MNOxTOMY MOryT paceMaTPHBaTbed 
C CHHHOH TOUKH 3peHhs. 

Hanngue HHePUWOHHOCTI BCAeT K TOMY, YTO CHPHael, ilpihto- 
*KCHHDbUT KO BXOAY CHCTCMBI, OKA3bIBACTCA HCKAWCHIIBIM la CC 
poixoge. TIPAMOYrOAbULUT HMNYABC PaCrArHBacTCaA H HSMCUACT 
bopmy. Tipu sToM Xapaktep HCKAMKCHHH OJMIOZHANHO WH Salo- 
HOMCPHO ONpeyemierca YCTPOHCTBOM H XapakTePpHCTHKAMI 
crerTeMbl OAH Ww TOT Ke CHrHad Beersa HCKamMaeTCA ONMIa- 
KOBO. OTH WekaxKeNus Bo KOPHC OTAYHR OT TCX, KOTOPTTC 
BHOCSTCH UYMaMi, ; 

TaKHM O6pa3oM, CcJiH 3HATb YCTPOHCTBO CHCTEMbE Hil Ce 
NAPAKTCPHCTHKH, TO B OPHHILHNe BOSMOAKHO NO HCKAVKCHHOMY 
CHEHATY BOCCTANOBUTD TOUNDITT RIL CHTHada, NOCTYTINBITCES 


abe 
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Ha Bxog. [Ipaktuyecku ke gis TaKoro «BOCCTAHOBJI@HHA> 
HY7KHO HSMCPATb CHIHA C O4CHb OO/IbWON TOMHOCTBIO, 4TO 
ObIBACT HEBO3MOXKHO H3-3a NPHCYTCTBHA LUY MOB. 


Crektp 4 noioca nponycKanua 


Moxno nogolita K H3y4eHWIO cBOficTB (busHyecKux cHc- 
TCM C HHOH TOUKH 3peHHA, paccMaTpHBaa He peakunio CHCTe- 
MbI Ha H3M@CHCHHA BXOQHOTO CHIHasa, a ycTaHOBUBUeeca 


R mi 








~tire 








t 
é} 


Puce. 5.11. Pesouancnste xpnpnte, 


@) pesonaucHan Kpupan (oTMeyeHa nonce NpOmyCKaHHA), 6) pesONaHcHWe KDpUuBMe NDH 
Pa3sJHunbIX ROGPOTHCCTAX KOHTYpa, 8) NOCwenoBaTeAbHE KOHTYDP, 2) pe3 Omancuble 
KPHBHe CAOKHHIX CHCTEM. 


COCTOAHHE — BCIHYHHY CHTHaJa Ha BbIxone mo mpouwecrBun 
AOCTATOUHO MOVroro BPeMeHH Nocle H3MeHeHHA CHrHana Ha 
Bxoze. 

Iloxapag Ha BXOM 9eKTpHYeCcKoN wenn, H306paxKenHon Ha 
puc. 5.11,6, cuHycongaabHoe uanpsxKeHHe, MBI NOYYHM Ha 
BhIXOAC, CyCTA HEKOTOpoe BpeMA, AOCTaTOUHOe AIA 3aTyxa- 
HHA NCPCXOAHBIX MPOUCCCOB, TaKKE CHHYCOMAAIbHOe Hampa- 
*KEHHE HEKOTOPOH amMntTyop A... U3mensaa “acTOTY BXOZ- 


HOrO HallpAKCHHA WH COXpPaiiA NOcTOAHHOM ero ammauTyay, 
8 H. A. Tloneraes 113 
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MbI 3QMCTHM, YTO AMILINTYTa YCTaHOBHBLUIeroca BbIXOJNOTO 
HATIPHKCHHA H3MCHACTCH B 3aBHCMMOCTH OT YaCTOTbI. B HeKo- 
TOPbIX CJYUARX HANps2KCHHE Ha BwIXOAe MOKeT NpPCBHWUATb 
HANDAKCHIN Ha BNOAC, B HHBIX Ke — OyAer MCHbINC Hero, 3a- 
BHCHMOCTb AMILIHTY:IbI BLIXOTHOrO HaNpsKeHHA OT YaCTOTHI, 
H300paxkennad TpacltueckH, MWpewcrapAser coooll KpHByi0 
C MQKCHMYMOM H Ha3biBaecred <pe3solancHOH KpuBOH> Hd 
uactoTHoll XapakTepucruxol: enw. MakcuMyM peso0nalicHor 
KPpHBOH MOAeT 6blTb BHC HH HW2KC B 3aBHCHMOCTH OT CO- 
OTHOHICHHA HH AYKTHBIIOCTH, €MKOCTH H CONPOTHBAeHHA KOH- 
typa (jo6potHoctn Koutypa Q*). JloOpotHocth kouTypa, 
4 oC HClO H BecIHUNHa MAKCHMYMa@ Ha pC30HaHCHOll KPHBOH, 
TEM BHbILIC, UCM Me@HbLUIC NOTCPpH B KOHType, T. e€, YEM Me€Hb- 
[uC COMPOTHB-ACHHE, BK TIOUCHHOE TMOCICAOBATCABHO C HHAYK- 
THBHOCTDIO H @MKOCTbIO (HAH MpOBOJHMOCTb, BKJIOUCHHAaA 
Mapa-lACMbHO HM). 

Lcd Wa pesolancnuoll KPHBOW OTMeTHTb TOUKH, -1CK alc 
cipaBa UW CleBa OT M@kcHMyMa, JMIA KOTOPbIX AMILTHTY2a Bbl- 
XOANOFO HANpsKCHIH MCHbINe MakcuMaJbnol B I/V¥ 2 pasa 
(T. @. MOLLHOCTD KOJeOaHH BIBOe MCIibile, YEM B MaKCHMYMC 
KpHBOli, TAK KAK MOULNOCTh APONOPHNoNadbiua KBawpaty aM- 
IWIHTY Obi), H OTMCTHTb COOTBCTCTBYIOULHe STHM TOUKaM Wac- 
yotpt |; HW fg, TO pasnocTh aTuXx uacToT /g—/i=A/, HasplBaeMaA 
No.tocoll NPONyckalvst MeNH, OKAKeTCA TakrKe 3aBHCAMeH OT 
ACOPOTHOCTH: YM BbIIC LOGPOTHOCTh, TCM MeHbllle MoMoCca 
NponycKauHs, Cucrema ¢ BbICOKCH JLOOPOTHOCTHIO pesKo Pa3- 
nuuacr “UaACTOTH, OHA Jacl CIVIDUYIO peakiO Ha Ko.icOanns 
c yactoroll, OAN3KOil K pesoHaucy, H caOylio—Ha APyrHue 
wacToTht. Takyio CHCTCMY HasbiBatoT «<y3kOMOOcHOolls. Bo ipotH- 
BONOAOKHOCTD STOMY IWHPOKONO.iOCHbIa CHCTEMbI HMCIOT pa3- 
MbITYIO PC3OUAHCHYIO KpHBYIO, XAapakTCpUyto AIA HU3KOH 106- 
PpOTHOCTH, H PeCarupylOoT Ha KOANcOaHHA C 3aMeTHO OTAMYAIO- 
WLU MHOS UaACTOTaMH HOUTH OTHMNAKOBO. 

PeaxiHa CHeTeME Wa HSMeHeHHC BXOANOrO HalpsiacCHHy, 
T. C. MCPCXOAUBL NPOWeEcc B CHCTCME, MO-THOCTHIO ONPCACTACT- 
ca OPMOM pesonancuoit KpNBOH HW Tomocon WponycKanHya, 
V3KOMOOCHDIe CHCTeMb. O6.Ta1aIoT OOADINOH HHEPILMOHHOCTbIO 
I PCarHpy!OT MCWACHIO, JUMPOKONGOCHbIC — O6.1a1aloT Macon 
HHCPILFONNOCTbIO H pearupyloT OpICTpo. Ecain mojgatb Wa BXO4d 
ICHH HalpspKenne, KOTOPOe H3MeHACTCH CKAYKOM, TO BDI- 
XOfLHoe Hanpawkenue G6yAcT BOSpacTaTh JIMIMb NOCTENCHIO. 


* Jlo6poTuocThio KouTypa Q=oL/R unaaspipaetca BeAHUMHAa, OOpaTnasl 
gaTyxannio a; Q=='/a. Gem mMenpie ROONOTHOCTH, TEM OOMbINAA AOA BHEp- 
rH, 3anaceiuoh B KOUTYype, pacceHBacTcA 3a OMAN NOPHOA KoweOaHHa. 
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Boems, B TeYeHHeE KOTODOrO BbIXOAHOe HaNpAKeHue Rocturaet 
63% or ycraHoBuBwerocs sHaueHHa (0,63 ~ I—1/e), Ha3nr- 
BdeTCH NOCTOAHHOH BpeMeHu wenn. Bennuuna NOCTOAHHOM 
BpeMeHH OOPaTNO Mponopunonanbya INHPHHeE TO0.10Cbr mpo- 
NYCKAHHS, 

YBCIMYHBAA TMOslocy IIPONYCKAHUA Wel, Mbl MOKeM NOHH- 
SHTb UNCPUHOHINOCT CHCTEMBI H YCKOPUTD ee peak; OfHa- 
KO 9TO°O MOMHO AOCTHYb JIMWb enol nNonMKeHHEA aMIVIATY- 
AbI BLIXONHOTO HalpsKenHA, Co3manve BecbMa Y3KONOJIOCHBIX 
WH BeCbM@ WMPOKOMOVJIOCHBIX Wenel mpencraBsaer 3HaYHTeJIb- 
IbtC TPyYTHOCTH, KaAK STO 4YaCTO 6OLIBAeT B TeXHHKe pH peuse- 
HHH Sala, CBA3SAHNbIX C NPHOWKeHHeEM K mpelesy BOSMOX- 
Hoctcit. B peavibHbIx cucTtemax Bcerga NPHXOAMTCH CUNTaTECsH 
C NaJHYHeM OrpanHveHHoH nowocel NponycKanua CB3aHHOH 
C STHM HHEPILHOHHOCTbIO CHCTeMBI. 


Hexaxkenna (popmpt curuacta IPH MpOXOK CNH HM peatbubix cbuau- 
I€CKHX CHCTEM MOXKHO Pace MaTPNBaTb C ABYX Pa3JIHUHbIX TOYeK 3peHHs: 
O-IEPBLIX, BO BPewedll H, BO-BTOPLIX, B OOMACTH actor. Maes curuan 
b Bde WYHKINM BpemMenH u(t), Mbl MO%KeM NOJb30BaTbCA AAA ONMCaHHA 
BOdeTB CHCTEMbI MOHATHEM \OTKJHKa Ha CAWHHUNMIA AMIYabcC* w(t) u 
OTylaTb SHAN€HNe BbIXOANOTO CHTuasa AWGO C NOMOLLBIO HHTerpabuoli 
BEPTKH (suTerpasia JIroamevis) 


wr 
w 


\ uy, (t) w(t — t) dt, (5,6) 


—-OO 


Ul 





BLIX (7) = 


NOO ¢ NoMOULbIO CUCKTPaNLuOi PyHKUNH cHrHaga, MPHMeHHB K cHrHaay 
peoOpasonaune Oypne 


+00 
Fx (@) == felts (t) dt. (5.7) 
—® 
YMUOKAA B NOCAeANEM Clyuae cuekTpalbuyio dyaKkunio F (w) na 


ACTOTHYIO = XapakTeplicTHKY CHCTeMBI Y (w), No.yyuM CHEKTPaJIbHYIO 
YHKIMMIO BbiXOAHOrO curHasta 


ee () = ar (co) Y (co). (5.8) 
Hponsson9 3aTem oGpatHoe mpeoOpa3opanne Wypbe, noayyuM BLI- 
IMHO CHEAT KaK @yHKWHtO BpeMeuH 
-o0 
—jot 
Ua (4) = | Fosx () & dw. (5.9) 
—~oO 


Hurerpupospaune Bp nocreanem CAYYae MPOHSBOAHTCA B KOMITeKCHOL 
lockocTH. [lo pesyabTatamM 06a cilocoGa BHlYHCaeHui Boodle paBHOWeHHbl. 
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Mpeodpasopanne Dypse HHTerpadbuoli cBepTKH ABYX pyukituit BpeMeHH 
paBHO Mpon3sBeACHHIO npeoopasuBadhid DypLe OvOUX ITHAx (PyukuUn i. 
TIpeodpa3opauhe Pypbe OTKANKa CHeTeMbl Ha CAHUHYHbld HMUYibe paBHO 
yacTOTHOH XapakTepucTHKeE CHCTEMBI, 


Onepaluh B OO.1acTH CNEKTPOB WMEIOT HekoTOpoe MpecHMy- 
wlectBo OwlarofapsA CBOCH Hara THOCTH, B cHrHase cosep- 
*KATCH KOJeCOAHHA C Pas.TH4HbDIMH YaCTOTAaMH. Tipu mpoxoxre- 
HHw Yepes cuCcTeMy C KOHeEUHOH Modocoll MponycKalnA YacTb 
KOMeOANHH, YACTOTbI KOTOPbIX IcvKaT BHE MOTOCHI lporlycKa- 
HUA, CHIbHO NofaplseTcA, H B CHeKTPe BbIXOJHOTO ClilHacda 
ocTaloTCa P1aBHbIM O6pa3oM KOTeOaHHA C YACTOTAMH, aeKa- 
IMMH B THoJoce MponyckanHy, VMckameHHa CHrHasia COOTBET- 
CTBYIOT HCUC3HOBCHHIO H3 CHeKTpa HEKOTOPbIX YaCTOTHbIX CO- 
CTABATIONLHX. OGLIUHO WCYe3alOT BHICOKOGACTOTHDIC COCT a BUISIIO- 
Une, YTO COOTBETCTBYeT CIaiKHBAanHlO (popMbl KPHBOH. 

VickaxkKeHHun Criada, OOYCJOBJICHHBIC KOHeUHOM WIHpHHon 
Nomocbl NPOMyCKaniA CHCTEMbI, Kay? Tpesled BO3MO?KHOCTH 
flepelayn OOJbuWOroO KOJIHYECTBA HHPOPMALHH "Wepes CHCTEMY. 
Tak, HanpHMep, Mp HMILYJIbCHOH MOAYAUMH NHOCbBMIKA Bce 
6oslee KOPOTKHX HW -YaCTbIX HMIYADCOB NnpuBOAHT K TOMY, UTO 
AMIMUTY La UMAY-IBCOB Ha BRIXOAe Kahala yMelbivaeTca, Tak 
KAK 3a BPeMA O4Cih KOPOTKOTO HMMYTbCa Cho peWuHHA He 
yereBaeT focTaTouHO HapacTath, MMIYAbCbhl CTAHOBATCA Ma- 
OOTIHYHMbIMH OT Nay3, H YBC.THYHBAeTCA BEPOATHOCTbh NOAB- 
NegHa OWNOOK H3-3a HadTHuNA WyMoB, TP. ©. Hamaer Hawex- 
HOcTh Mepewagdi. 

[lonoca mponycKkaHHa YacTOT, BpeMA MCpelauy i MOUL- 
HOCTh CHPHada mo OTHOWCHHIO K UlyMaM — BOT Te TPH BedH- 
UMHDI, KOTOPbie OM pPeAe.1AIOT NpPCNyCKHYtO crocoGuocTbh KaHavld. 


CenekuHa 


Ecait HaM HYkHO NWepedaTb Ape TC.1CrPAMMBI HiH mpoBecty 
fpa Tee@OHHDIX pasropopa, Mbl MOAeM chedaTh 9fo AM6C 
Mo ovepeaH (3a cuer yBeTHNCHHA BpeMeHH), AHGO O/-LHOBPe: 
Meio HO JBYM JIHHHAM CBASH, NHOO, WAKOHELL, OAHOBPeCMCH 
Ho MO OMHOl H Toit #XC JHHHH, HO Ha ABYX pa31HYHBIX Hecy: 
ux uacrotax. B o60HxX MocwJCAHH* cryyaax HeoOXOAHMC 
yBeJHUeHHe CyMMAapHOH MOAOCbI YaCTOT, HCHOJb3yeMOK MpH ne 
pesaue. Kaxk dbl pasroBop B nocdleaHeM cydae HCHOIb3Syere: 
KaK MOsLyJupylolian PYHKUHA juin OHOrO H3 ABYX Koe6a 
HHT c¢ pagJIHYHbIMH HeCyilHMH yactoTamMH. Gatem o6a MOY 
JIMPOBAHHDIX KoO1eOauHs nepesaioTrca mo obileMy TIpOBON! 
(unM Mo padvo) oANOBpeMCHTO. Ha mpHeMHOM kKoHWe yceTa 
HOBJeHLI (PHAbTPbI — pesoHaHCHble cCHCTeMbI, KOTOpbIe MPO 
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MYCKG&IOT PasHble Moocb uactor. Ha Bpixoge (PuIbTpa nepBolt 
Hecyien BTOPad HeCylkad OTCYICTByeT, TaK KaK OHa J@KUT 
BHC NOOCBI NpOnyckawun DudbTpa. B pesy.brate u3 BBIXOL- 
HOTO HalpAKCHHA MOKeT ObITh MOAYYeHO HanpsxKeHHe, cooT- 
BETCTBYIOULCe MOAYANPylouleH (PyYHKUMH, T. e. NPHHAT TObKO 
NepBbIHt pasropop. To »e nponexonHT Bo BTOPOM (uJIbTpe co 
BTOPOH Hecyulel H CO BTOpbIM Ppa3sroBopom. Ha BxoyHOM KOH- 
He Kanada 2Ba pasropopa cBOAATCH B OOH KaHaJ, HO He 
CMCIUHBAIOTCSH B HEM, Ha BbIXORHOM— OHM pa3yqeasiotca c Ue- 





Puc. 5.12. Cxema MHOrOKaHaJIbHuOH CBH3H C YacTOTHOL] cewek uHve it. 
Miiceiets 4 My — MOAyuatoph, P,,..., Py, — PuabTpH. 


NOJb3OBaHHEM Pa3HHUbl HECYUIMX yYacToT. TaKoe pa3deeHue 
CHTHaOB TO YaCTOTe HasbiBaeTca YacTOTHOH ceneKuUHe;, 

Takum cnoco60om mMoxkio no OMNOMY KaHaJly OLHOBPeMeHHY 
NepelaBaTb HW Ooee NBYX pasroBopos. Ecan na neperzauy 
KaKROPO pasroBopa Tpe6yetca nomoca yactot 3——5 KHJOrepu, 
TG AJIt OGULero KaHawsa 3TAa Mosoca OyeT paBHa CyMMe BCexX 
NOJOC HAH HeCKOIbKO Hobe. 

ITpu umnyapenoli nepenaue moxno «BNHCLIBATB» ODHV M0- 
CHETOBATCAbHOCTh = KOPOTKHX HMMYJbCOB B May3bl aApyrou 
TOCTEMOBATCAbHOCTH H TaKHM OOPa3OM COBMELUATh mBe YH 60- 
ree MepelayH OAHOBpeMeHHO B OOIeM MpoBone wan panuo- 
KaHale, SateM Ha HpHeMHOM KOHITe NpOUWYCKaTh Ka BIH mep- 
BDIH HMMNYJIbC B Ne€PBbIn BbIXOTHOH KaHad, BTOPOH — Bo BTO- 
PoH HT. I, KaxKAbI pas HauuHaa c HeEKOTOpOroO «HyJIeBoro» 
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CHHXPOHH3Hpylollero HMMYIbCa, KOTOPDIil OTJIHYaeTCA OT BCCN 
QPyrHX KakHM-JHOO MpH3HaKoM, HanipHMep  aMILIHTy OIL, 
Takoli cnoco6 pa3ieeHHA CHrHa1OB, HAYHIHX NO OOWLCMY 
KaHady, Ha3biBaeTca ceulekIkueH MO BpeMCHH HAH BpeMelHHOH 
cemeKuHell. 

CHcTeMbl CBS3H, HO3BOTsIONINe TepeqaBaTb M0 OAHOMY 
MpOBOAyY HeCKOMbKO pa3JIHYNbIX COOBILCHHIL OANOBPCMCHHO, 
Ha3bIBalOTCA MHOFOKallasbHbIMH. LoBopa 0 MHOPOK aH a. TbHbIX 
cucTremaX, H@JIb3a He YNOMAHYTb HO CHCTeEMAX, KOTOPDIC AB- 





Puc. 5.13. Cxema MHOroKallabuoH CBASH C BPeMCHHOH CeTeKUNeH, 
f-—renepatop, M,;,..+. My — MOAY-ANTCPHI. O — onopubit curuat, C — ce.1eKTOF 
Thy, ees gly — ACTCKTOPL. 


JIAIOTCA B OYKBAbHOM CMBICI€ MHOFOKaHaIbHbIMH, T. ©. co 
CTOSULMMH H3 MHOTHX Pa3eJIbUbIX MpOBOLOB — kaHaJlOB CBA 
an. C TAKUMH CHCTeMaMH MbI BcTpeyaeMcs, HaipHMep, B IICk 
TPOHHBIX CYCTHBIX MallWHaxX Napame.TbHOro Tuna, rle Kak 
Ibi paspid unca mepemaerca M0 OTMeIbHOH wine. C mC 
MOUIbIO ONHOTO H3 BHAOB CeeKUMA MOXHO OCYHIECTBHT 
mepexod OT MHOTOMNPOBOTHOH CHCTeEMbI CBA3H K OAHONPOBO- 
Holl MHOroKaHaJIbHOH HW OOparTHo. 

Bo BCAKOM peabHOM KaHale CBASH NPOHCXOANT pacces 
HHe 9HEPrHH CHrHasa HW MOSTOMY SHepria (amnautTyla) cH 
Hajla Ha BbIXOZe KaHawia owxKHAa ObITb MCHBINe, HCM Na BXC 
ne. Ila toro uTOObI KOMMeHCHPOBATbh MOTCP STEPH B Ke 
Hasle, UaCTO HCMONb3yIOT ycHJeHHe CHrHata MO NYTH CFO CTE 
OBaHUA C MOMOLIbIO yCHIUTeTeH, KOTOPHIc WepMmaroT 9HeprHn’ 
13 COOCTBCHHLIX HCTOUHHKOB. Pacxod 9ToH 2HeprHn HHKaK F&F 
okylaeTcA 9HepreTuyeckH, T. €, 9Ta SNEPrHst MOUTH We.THKO 
TepxeTCa B WelAX KaHadla, OANAKO B pesydbTaTe Ha BbIXO: 
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Kanada CHHad OKa3bIBaeTCA ROCTATOUHO GBOAbIIUM MO BewH- 
iHHe lO CpaBHeuHio C Liymamn. Muorga o6uee YCHJI€HHe B Ka- 
Hale NOCTHraeT O4eHb OOJbUINX BeAMUUH, 


Hpumep Kanasa cBa3u 


Paccmotpum noxpo6Ho paOoTy OnHOro Buna CBA3H, 4pe3- 
BbIYaHHO BaxHOrO WIA CYICCTBOBAHHA XKHBBIX OPraHH3Moz — 
Nepetavy BosOyKAeCHHA na Pa3ApaxkeHua mo HepBy. Hepp, 
NPOBOASIUAM pa3zapaxenne, NPC RcTaBlaer co6on tTunnuypit 
Kala] CBA3H MW MOXKET CPaBHHBaTbeH TO CBOHM XapaKTepuctu- 
KaM C TCXHHUCCKHMH KaHadlaMH. Dra masieko MAYULad aHado- 
rHst Tak eC HCCOMHeHHa, Kak HECOMHCHHa, HaNpHMep, aHa- 
TOTHH KOCTCH HM CYCTABOB CKeqeTa NO3BOHOUNBIX 2K HBOTHBIX 
C Pbl¥araMH MeXaHH3MoB. 

Heppuan cucrema xuBornoro (B TOM UNcvIe Hn 4e.10BeKa) 
COCTOHT H3 OYCHb OOMbUIOTO 4a KUBLIX KNeroK ocoooro 
BILIa (Heliponos), CBA3AHHDIX B ONPCHETeHHOM MOpAaKe apyr 
C APYrOM H C OpraHaMH Teta xKUBOTHOTO. B HEPBHOH cHucTe- 
MC CYyIlecTByeT MHOFO HelpOHOB pa3JIMYHBIx THIIOB, HO BCeM 
HM NIDHCyIH OOMkHe YepTbI, HeCMOTpa Ha Pa31H4UNA B JLeTaJI#x 
cTpoeniis. Kaxkablit Hefitpon coctout 13 KJICTOYHOrO Tea pas3- 
MePpOM oOKoJIO 0,1 mm wu oTxonaMMXx oT Tena OTPOCTKOB. 
BoJIbilHHCTBO 3THX OTPOCTKOB (TEHAPHTOB) BeTBUTCS, o6na3ya 
Kak Obl MepeBo AHHOL HeEcKOJIbKO MHAIIHMeTpoB. Kpome Toro, 
ot KleTOWHCrO Tela OTXOAMT OHH OCeBO OTPOCTOK (aKcoH) 
Oonbluoli WMNE (OT HeCKOJIBKHX CaHTHMeTpOB Oo Merpos). 
OT akcoHa OTXOJNT HeGOAbUIOe YIC.10 OOKOBbIX BOJIOKOH — Ko.1- 
NaTepadeuw; Ha KOHUe aKCOH neNHTCa Ha N€CKOJbKO BeTBell. 

TakuM o6pa3o0m, Hepauas KaerKa MpelcraBlaeT coOboli Kak 
Obl JWIHHHDbILt NPOBON, OKAHYHBAIOULHHCA Ha ONHOM Kore Te- 
(OM KJCTKH. OTH MpoBota— HepBHpre BOJICKHa — O6BIUHO 
OObCIHHEHBI B MY4KH, Ha3blBaempre HepBaMH. Heps, Takum 
O6pa3oM, 6oubme HanomuHaer MHOPOXKMJIbHbIN Tewteporanili 
Ka6e@Ib, YeM OJMHOUHDIT MpoBpon. Kak Ht B MHoroxKHAbHOM 
KaOele, B HePBe KaxXOe BOOKHO Kuper cBocH codécTBeHHon 
*KHSHBIO H BBINOHACT CBOE COOCTBEIIHCe Ha3Hauenye 

OcHOBHBIM Ha3HayeHvem H€PBHOTO BOOKHa HM HepBHol 
MleTKH B TC€ MKHBOTHOTO s@BJIHeTCH nepemaua COOOULeHHA 
(Bo36yxK TeHHA, PasApaxKeHHs) OT ONHOTO OpraHa xk Apyromy. 
Ilo KaHawam cBa3u, mia KOTOPBIX HEPBHble BOJIOKHa Ca1yKaT 
IPOBOMAMH, NepelawTca COOOMleHHA, KOTOpbIe oMeHHBalOrca 
WEJOBEKOM Kak CYOBEKTHBHBIe OULYIULCHUT: COOOMLCHUS O Mexa- 
HHUCCKOM MaBJICHHH (oca3aHNe), 06 H3MeHeHH AX TeMNcpary- 
Por (OuLyuleHHe Tema, Xxooqa), 0 G6HOsOrHueCKH oOnacHEIX 
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a) 


Puc. 5.14. Cxema cTpoeHHA Helipoua. 


a) o6mee cTpoeHHe: f—Te10 KJeETKH, ae 
eH; puThl, 3 —akcOH, 4— KO anatepa.u, 45— 
o6os0uKa axcoHa, 6 — lepexnaT Pavpbe, 7— 
KOHILE BOR PasbeTB-TCHHE, () paaspe3 aKcoHa: 
}—nepexpat Panrbe, 2 — HeBDU AemMa, 3& — 
AMpO wiBAaHHOBCKOA K.AeCTKH, 4— Hetipon 1a3- 
Ma, d—— MH2UHORaT OOOIONKa, 8 — BHCUUNAA 
l'oOo.104uKa. 
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BO3eHCTBHAX (60.1b), O06 aKYCTHYeCKHX, CBeTOBBIX, XHMHUe- 
CKHX ABJICHHAX, MPOMCXONAUMIX Ha TpaHHle *KHBOTO OpraHys- 
Ma H BHeWHeH cpembl. [lo Tem Ke KaHaTaM Nepenaetca KOMaH- 
Ma O BKJNOUCHHH B PaOOTY MbILUIeUHbIX BOJIOKOH HIM Kule- 
TOK *Keve3. B cayuae OULYIeEHHA CHrHasl “eT OT PeLleNTOPOB 
(<opraHoB YyBCTB»), HeMOCPeACTBEHHO BOCIPHHUMAIOINAX BHELLI- 
HH€ BO3JelCTBHA, K HEPBHbIM y3J1aM LleHTpaJIbHolt HepBHOH 
CHCTEMBI, OTH HEPBHBIC CBA3H Ha3bIBAIOTCA BOCXOASIULMMY, 
KeHTPOCTPEMHTCIBHBIMH HIM addepentupimu. B cayuae geii- 
CTBUS CHTHaJ HACT OT HEPBHbIX WEHTPOB K MepHepuu u coor- 
BETCTBYIOMHE HEPBbI Ha3bIBalOTCA HHCXONAUWLMMH, LedTpobex- 
HbIMH HAH 3pepeHTHbIMH. 

K ad depeytnbim oOTHGCATCH TakKxKe 4H He€pBbl TaK Ha3bl- 
BaeMOH BHYTPeHHeH UYBCTBHTesbHOCTH, Tepearoulve HHdop- 
MalHiO O TOOKCHHM WICHOB Tela, T. e. 0 COCTOAHHH COKDpa- 
ICHHA HJM paccaaOJeHHA OTebHBIX MBILUL WH HaTAKeHuH 
CYXOMKHJIHH (TaK Ha3bIBaeMBle KUHOCTeTHYeCKHe OLVILeHHA). 
Kpome Toro, 601bioe unc0 He€PpBOB OOC/YXKUBAeCT CBA3H MeX- 
AY BHYTPCHHHMH OpraHaMH, HeOOXONHMbIe WIA HX COBMeCT- 
HOH wesecoo6pa3Hofi geatembHocTu. Pa6ota 93Tofi rpynnpl 
HepBoB (TaK Ha3bIBaeMOH BereTaTHBHOM WIM aBTOHOMHOTI 
H€PBHOH CHCTeMBI) He MaeT cCyObeKTHBHBIX OULYUeHHH HeIro- 
CpeHCTBeHHO, H MBI «He 3aMe¥aeM» ee pa6OTh, BO BCAKOM 
cuydae Mo Tex Mop, NOKa OHa paOoTaeT HOPMa.IbHO. 

Htak, HepBHad cucreMa mpegctaBaser coboti CJIOMKHYIO, 
Pa3BeTBJICHHY!O CHCTe€MY CBA3H, KOTOPan OG6ecneunBaeT O6MeH 
CHrHaJIaMH MeKAY OpraHaMH Tela KHBOTHOrO HW COrdacoBaH- 
HYIO UX paOory. . 

Kak W B TeXHH¥YeCKHX KaHalax CBA3H, B HepBHof cucteme 
BCe COOOIIeHHA Nepedalworca C MOMOULbIO OLHOTO HM Toro x%Ke 
mpouecca. [lepenaya pasipaxenusn no o1HOMY HepBy Kayect- 
BEHHO He OTMMYaeTCA OT TepetadH mo m060My Apyremy. Oco- 
OCHHOCTbIO HepBHOM CHCTeMbI KaK CHCTeMBI CBA3H ABTAeTCA 
TO, TO NO KaKMOMY HEPBHOMY BOJIOKHY NepeaalwTca coobiue- 
HHA, KaK HPaBHJO, ANIIb B OTKHOM HanmpaBeHHu HW JUUIb O06 
OTHOM THC BHCWIHHX HIM BHYTPeHHHX co6piTtuh, Tak, nanon- 
MEP, HEPBHO€ BOVIOKHO, COCNHHAIOULCe YYBCTBHTeIbHOe GoNeBOE 
OKOHYAHHE, PaCNOJOMKeHHOE B KONE TAZOHH, CO CHHHHBIM MO3- 
roM, OykeT pa6oTaTb TOAbKO MPH CHAIbHBIX MeXaHMuecKHX 
AaBCHUAX Ha 3TOT y¥acTOK KOH (yKON) H HE OyneT pearu- 
POBaTb Ha CilaOble pa3ipaxKeHHA HH TenOM, HH xo1O0N0M, 
HH MpHKOCHOBeHHeM. B 3TOM OTHOLICHHH HEPBHbIe KaHaJbl CBA3H 
HAMOMHHAIOT CKOpee YcTpOHCTBa aBapHiivoro NpelyNpexeHHA 
THIa NOKaAPHOK TpeBorHu, YeM TeePOHHy HH TeTerpadnyto 
cBa3b. I[papna, HepB nNO3BOMAeT MepeyaBaTb CHrHatH oO pa3- 
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HbIX CTCMCHAX BO3TeHCTBNA H STHM OTWIHUaeTCH OT TlomKap- 
Holi curHadn3aunNH. TakumM o06pa30M, KaxXAblli nepB padoTaeT 
TO.IDKO B OAHO «cTyKOe CBASH> CO CTPoOrolt CheuhaM3alHeH: 
B «6O.1CBOli>, «CYXOBOIi>, «BKYCOBOH>, «MOTOPHOM> HT. J. 

IIpopoa NepBHoro Kanada CBASH~—- HepBloe BOJIOKHO WAH 
aKCOH -—— pe ACTaBAAeT COOOH HATOUKY K.1e€TOUHOFO BellecTBA— 
MpOTOMAa3Mbl, NOKpbITyIo O6o.1ouKaMH, TountwHa akcoHa JIA 
Pa3HbIX H€PBHDIX KAeTOK pa3saHyHa. Cample TOJICTbIe H3 HHX 
uMeloT jHameTp of 0,02 go 0,001 MuaaumMetpa. K.tetouHoe 
BeLILECTBO AKCOHA, KaK H K.1eTOUHOrO Tea, NOKPLITO O60.10UKOTt 
HH MCMOpanoli, oTesmoulel ero OT OKpyKaloulen cpeAbl. 
Tlopepx MemMOpaHb! aKCOH OfeT, KaK YCX.IOM, OOOOUKOH OCcOGo- 
ro *<HpoBoro BellecTBa — MH3ANHA. Tomuina MH9.1HHOBOH 
COOAOUKH HCOMMHAKOBA WIA PasJIHUHBIX BO.TOKOH. Y BOJIOKOH 
BCreTATHBHOH HePBHOM CHCTeMbI MH3JIHHOBaA OO0.TOUKa OUeHb 
polka: HHorma ee Wake He ylaeTca OOHapyKUTb. CaMow TOs- 
cToii o60N0uKON OONalaloT HeEPBHbIe BONMOKHA, MpOBOAAUIMe 
paslpaxkeHne OT YVBCTBHTCJbIIbIX OKOHYa@HHM K MO3ry HU OT 
Mo3ra K MbUUiam. [TlopepxX MH3THHOBOH OO6070UKH AKCOH OCT 
elle ONO o6o070uKOT — HeBpH.lemMol. MuaanHu3HpoBaHHble 
pOOKHa OTAMYAaIOTCA CepeO6pucTo-Gemoll OKpacKOH OT KJIeTOU- 
HbIX Te, HM@IOINAX Cepbl WBeT. 

Co spemen TaapBann H3BeCTHO, YTO WeATebHOCTh HepBa 
CBIZaHA C RWICKTPHYCCKHMH ABMCHHAMH. OTA CBA3b BbIpakKaer- 
CA B TOM, UTO, BO-MePBbIX, TipHMOKeHHe K HCPBY IIEKTPHYCCKO- 
TO HOTCHUHaATa BbIZbIBAeT erO Pa3sIparKeHNe H, BO-BTOPHIN, 
B TOM, UTO pa3sipaxkenne HepBa MIOObIM CMOCOOOM BbISbIBAeT 
B HEM MOABICHHE H3MCHCHHI s1eKTpHyeckoro MoTeHuHata. O1- 
HaKO HepBHOe pa3lparkeHHe cCoBceM He TO xe CaMoOe, ITO 
3JEKTPHYeCKHH TOK B NpOBOTe. 

C TOMOMbIO COBPEMCHHLIX BICKTPOH3MCPHTeAbIIbIX TINHOO- 
NOB, MOSBO.ATHIOUINX OTMCUATh WM 3aNHChIBaTb OYCHb caa6ple u 
GbICTPO MPOTeKAIOUIHe W3MeHEHHA BICKTPHYECKHX HallpAKe- 
Hult H TOKOB, CHHMAS TOTEHUHAAB C WOBCPXHOCTH HCpBa, MOXK- 
HO YCTAHORUTb, UTO H3MeCHEHHA STHX NOTCHIMATOB NpCACTaB- 
AmoT coOoll KOPOTKHe TOMUKH HAW HMMYTbCHI, LTAUIMECH OKO 
0,001 cexynidp. STH HMIMYyIbcbi pacmpocTpansaotTcA BAOWTb 
HepBa H, MOCTHrad eTO KOHIa, BLISLIBAIOT, HANPHMep, COKPa- 
ICHHeE MbIINeCUHBIX BOOKOH. [IpH stom nepedaya pasrpaxke- 
HHS MBILIeCUHBIM BOJIOKHaM H pacipocrpaneune 3.TEKTPHYCCKHAX 
UMITYJIbCOB 10 HepBy BCP’ 7 a IpHCyTCTBy!OT COBMCCTHO. Bo.tee 
Toro, CKOPOCTh pacnpocTpaneHHa 2IeKTPAYCCKHX HMITYAbCOB 
MU CKOPOCTh Nepertayn PusHOTOrHYeECKOTO PazTpaKeHHA COBMA- 
alot, UTO MO3BCAeT CHHTATh d.TeEKTPHNecKHe HMIMTYIbChI HE 
TOOOUHDIM ABJICHHEM, 2 COCTABHOHN WacTbIO Mpouecca NepewadH 
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pasapakenla. CKOPOCTh NepewayH pa3i1paxKenua No HeEPBHOMY 
BOJIOKHY TeM OOJIbIue, YeM OO/IbIe AMAMeTP BOOKHa HW 4eM 
TOJIMe CTO MHSIMHOBAA OO6ON0UKAa. Ota CKOPOCTb BOObULe He- 
BeJIHKa; It Pa3HbIX BOJIOKOH OHA KOJIeOeTCH B Openemax 
ot 2 no 160 MeTpoB B CeKyHAYy, 4TO HECPaBHEHHO MeHbLle CKO- 
POCTH PacipocTpaHeHUA OJIeCKTPH4eCKOrO NOA (H TOKa) BLOMb 
mposona (108 merposp B cekyHay). 

Ilepeqaya pasapaxkeHusa 10 HEpBHOMY BOJIOKHY eCTb 3u1eK- 
TPOXHMHYECKHH Ipowecc, MpoTeKalolwuh 3a cuer 39HeEpruH, Ha- 
KOMJIe€HHOH B C€aMOM BOJIOKHe. HayadoHoe Bo3s6yxKeHHe, HaHO- 
CHMOe€ Ha OKOHYAHHe HeEpBHOrO BOVIOK- 
Ha, BbI3SbIBaeT TOJbKO Hayao, «nol- 
Kur»,  Mpowecca pacipoctpanenuar 
pa3qpaxKeHHA, KOTOPHIH 3aTeM yoxKe 
TIpOMOMKaeTCA CAaMOCTOATeJIbHO, M0- 
moOHO ucKpe, OeryuleH mo 6uKdopzo- 
By WHypy. Kaxkyaa Takaad «HCKpa», 
MMNyJIbc, MWpoOeraeT CaMOCTOATE/IbHO. 
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Puc. 5.15. Onunounpili saeKTpuueckua uMMyabe 
HEPBHOrO BO3O0YXReHHA. 


HM H€3a4BHCHMO OT BeJIMUHHbI SHEPTHH MPHOReHHOTO U3BHe 
BOSNeEHCTBUA, CCIM TOJIbKO 39TO BO3ZelCTBHe MpeBblilaer Mu- 
HUMaJIbHOe, Moporopoe, 3HaYeHHe. OHeprua, U3pacxoNOBaH- 
Ha HEPBOM Ha MPOBeCHHE UMIY.1bCa, BOSMeULaeTcA BOCMeL- 
CTBHA MpoOWeccaMH NWTAHHA HepBa. 

Ota CHTYaWMA THNMYHA WIA CMTHAbHBIX ycTpofictB nau 
CHCT€M CBA3H, KOTOPble NOUTH BCerqa MMTawWTcA 3HEprHei OT 
BHYTPCHHHX HCTOYHMKOB, He CBA3@HHBIX Cc MOCTYNJeHHeM Ha 
BXOW CuTHawa. 

IToce kaxKoOro MpOXoKUeHHA MMMyJbca mo HepBHOMY 
BOJOKHY ToCJeqHee B TeYeHHe HeEKOTOPOTO BPeMeHH JOJIKHO 
«“OTHOXHYTb» HM MONTOTOBHTbCA K IIpOBeNeHHIO cCuemMyloulero 
HUMITyJIbCa, KOTOPHIM NMpoher HIM He HpowweT B 3aBHCMMOCrH 
OT HaJIM4NA CHIHaJa Ha BXOe. Ota Nay3a, WIN pedpaktepHblli 
nepHon, HTcA oT 0,02 no 0,1 cexyuap. Takum o6pa30m, HepB- 
HOe€ BOJIOKHO MOMKET HAXONUTHCA JIMWb B OHOM H3 AByX BO3- 
MOMKHDIX COCTOMHHH: COCTOAHUN MOJTHOTO MOKOA HAH NMomwHOrO 
BosO6yxK Nena. Bce cooOmeHna, mepeqaBaeMbie Mo HepBy, Ko- 
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MUpPyloTcA c MOMOULbIO ABOH4HOTO adaBuTa, COCTOAUero H3 
JBYX CHMBO.TIOB: «MOKOH>, <BO36y*K1CHHe>. 

OnHako, HeCMOTPaA Ha TO, YTO HepBHoOe BO.JIOKHO pabotaer 
B MBOHYHOM alaBuTe, NO HEPBY MOTYT NepenaBaTLesn Ccoobiue- 
Hs} O Pa3JIHUHOH CTemeHH BO3OyxKTeHHA, NpHuemM NepedaBae- 
Ma BeIHYNHa MOXKCT H3MeHSTbCH HenpeppiBHo, Pa3.1HuHBIe 
CTeNCHH BOZOyAXMeNHA, MepewaBacMbIe MO HCPBHOMY BOIOKILY, 
U3MCHHIOT YACTOTY ClesoBaHua uMMyibcoB. Takum 0o6- 
pa30M, B HepBe MbI HmMeeM JIe0 Cc UACTOTHOHMIOY J be- 
HOM MOXYIAWHeH, Nomyunesmell Bp mocmeqnee BpeMA 
IUHPOKOC TIPHMcHeHHe B TeXIIKe cBa3u, C yremnimenhem cTe- 
NeHH PasslPpaAxKCHUA YBEIHYNBACTCS H UICTO ROTOKOH HepBa, Me- 
pesqaroulux paspaxkeinie. 


Pa6ota HepBHOrO BOJIOKHAa 


Pacnpoctpanenne HMMyJIbCa BO3OY2KMeHIs HO HepBHOMY 
BOMOKHY t!poTekaeT MpHMepHoO caenxyiouliM oOpa30m. Buyrt- 
PCHHAA WACTb BOJOKHA, KdK Mb y2Ke TOBOPHAH, OTeIeHa O60- 
JouKoll OT HapyxKHOH, Ota o6o010uKa B HOPMaJIbHOM COCTOA- 
HHH NOKOA ABJIHETCA XIEKTPHYCCKHM H30JATOPOM H HAaXOAHTCA 
B COCTOAHHH XTEKTPHYCCKOH MOWAPH3SalldinH. Ona pa3qesaer 
O6.1acTH BBICOKOH KOHUCHTPalHH WHOHOR OTPHILAaTebHOTO 3H4- 
Ka (BHYTpH O60M04KH) WH O6MACTH NOMOMUTCIBUBIX HOHOB 
(cHapyxH OG6o0uKH)., TakHM 06pa30M, HepBHOe BOOKHO 
B COCTOAHHH NOKOA MpelctapAser coGoh AiMNHbI Wo TOHKHTE 
ZaPSKEHHbIA WATHHIpMNecKHit Komseucatop. EMkocTb nepe- 
FOPOMKH PaBHa MPHOMNH3HTeEABNO OHO MHKpo@apaye ua 
KBaIDATHbI CAHTHMeTP Ce NOBCPXHOCTH. 

Ecuin B mo60H TouKe O60.10UKH KaKMM-~THOO HytTemM Hapy- 
INUTh C€ H30JIMUHOHHbIe CBOHCTRA, XTEKXTPHYCCKH «KMOBPeTHTb» 
O6ONOUKV, BOSHHKHeET MeCTHDIT STCKTPHYCCKHH HOHHBI TOK 
(<mpo6oli>y KoHaeucaTopa). Tok 3aMbIKaeTCH yepe3 COCeNHHE 
VUaCTKH OOOOUKH H TEM CaMbIM HapyulaeT HX PaBHOBeCHOe 
COCTOANHE, H30TILHOHHbIe CBOMCTBa H noipH3aunio. B pe- 
3yNbTaTC Y4aCTOK MpOBONHMOCTH OOOAOUKH Nepemermaetca 
BIOJb BOTOKHA B O6€ CTOPONHI OT MeCTa ACPpBOHAaAaAHUOLO 
Hapylueuus. BmMecte c Tem Mepemellacrca WH MeCTO MTpoTekKa- 
HHA HOHHOTO TOKa H BCA KapTHHa Ppacnpewerenna NOTeHUMa- 
JOB, C HHM cBA3aliHad. DTO mepemMeuleHHe pacnpere.1cHHaA Mo- 
TeHIMada WH BOCIIDHHHMa@eTCH H3MeEPHTeTbHbIM IpH6opom 
B TOUKe, Pie HasOKEH BIeKTPON, KaK MPOXOAAILHH WMMy.1be 
HanpsoKenusa. AMIMIUTYLa HMMMY.1bCa HanpscoKCHHA PaBHa pas- 
HOCTH MOTeHUHaTOB Me?KAYy BHyTpenHeli YactTbio (akcom.1a3- 
MOH) H BHeWHeH OOOOUKOH HeEpBHOroO BOMOKHA H COCTABJIAET 
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30—60 mMusimuBoubr. Jaa nannoro BOJOKHa BeIMYHHa UMMYJIb- 
Ca OCTACTCH BCerTa NOCTOAHHON, €CIH TOudbKo HEDB HOPMaJIbHO 
MTaeTCaA H He NOBpex eH, 

IIpouece Bocctanopnenua aKkTuBHocty HEPBHOTO BOJIOKHA 
Ce HE NOMHOCTbIO H3y4eH, Uro6bl 436@KaTb H3VIMUIHUX nod- 
POOHOCTeH, Mb He OyReM OOcyK1aTb 30eCb 3TOT BoNpoc. 

Htak, onniounoe HepBHOe BovIoKHO MpelcTaBiner coboi 
Kaltadl CBASH AJIA Nepeqaun coo6ulenut 06 omnolt eauHCTBCH- 
HOW BesiMunne. Ha BXONHOM KOHLe Kanana HaXOJHTCH UYyBCT- 
BHTCJIDHbIM JIeMeHT (peuentop), KoTOpbIii BOCIIPHHHM4€e€T BHCUI- 
Hee CoObITHe MH KOAUpyer coo6ulenne RB allaBuTe KaHasa 
B BUA MepHOAHYeCKOrO HM'NYJIbCHOrO BO36yKReHUA KONA 
HEPBHUrO BOJIOKHa, NMPHMbIKalowero K peuentopy. YBeanue- 
HHE Pa3paKCHHA COOTBETCTBYET BO3PacTaHHIO YACTOTH Te- 
PHOAMNECKHX BOSOyKHeHHH. Kaxkabiii oTnembypii akt BoO3- 
OyK CHUA — HepBHbili HMIYJIbC — pacnpoctTpaHserca mo BOo- 
OKHY M OCTHTaeT BbIXOAHOrO KOHUAa, B CAyyae acdepenr- 
NbIX HEPBOB — Tela HepBHOH KJleTKH. MMnyabe Moet npolirn 
CREOSD KJICTKY AaIbiue, Ha Apyrve ee OTpOCcTKH, Hu Mepeltin 
uCPez COCANHCNMA (CHIlancbl), CyMmecTByloulMe MeKAy TeJla- 
Mi RueCTOK, ACHAPHTAMH H A@KCOHAMM KJeTOK, Ha ORO H3 BO- 
JGKOH CACLVIOMeH MO Wen KJ@TKH HIM HeECKOADKEX KaeTOXK 
cpa3y. Paucnpoctpansscb mo BOJIOKHaM H NepexoAA c O/LHOH 
H€PpBHOH KJICTKH Ha APyrylo, cHrHam JocTuraer mecra cpocro 
OKOHYATCIbBHOPO Ha3SHayeHYA — CTOAUICPO Ha BBbIXOJe Kanata 
HCHOJUHTC.IbDUOLO BT@MeHTa (MBILUCUHOrO BOMOKHA Halu KiteT- 
KH KeJle3bl), KOTOPbIi NOA Bo3sselicTBHeM NpHwesiutero CHrHa- 
Ja BkKuONaeTcA B padoty. [IponcxogutT jzeKognpopanue cur- 
Hala W ero HenoANeHHe, 

Ilepeqaua curuata pa3apaxenuna c pellentopa Ha BOJIOK- 
HO, C CANON KJI€TKH Ha ApyrylO H C BONOKHAa Ha HCNOAHUNTeAb- 
HbIH aement (apdextop) nponcxonxuT oG6niuno c yuacTHeM 
NPOMCKYTOUHBIX XMMHUCCKHX BeUlecTB (HeliporyMopos), Ko- 
TOPblC BHILCMOTCH B CHHANCAaX H HEPBHBIX OKOHYAHHAX C HDH- 
A\OAOM HCPBUOrO HMMY.1bCa H BO3HeHCTBYIOT Ha NocaAeLyomee 
3BeHO KaHada. AapaktTep BosmelcTRUA HeHPOryMOpoB MOXeT 
ObITbh pasiiuibiM. Tak, Wanpumep, Bo36y2K,eHHe HCKOTOPbIX 
HCPBOB BeeT K TOPMOMCIHINO PAaOOTb! Oprava (ocTaHOBKe co- 
KpalleHHH H30MpOBalioro cepa MpH paszpaxkennn O.1yK- 
/arourero HepBa), BOSO6yKAeHHe APyrux HepBOB — K YCH.Iei1HIO 
HX paOoTH (yckopenne 6uexui cepaua mnpu pas. paxKeHHu 
CHMMATHYCCKHX HepPBOB). | 

[IpoxoxkeHHe HMIYJIbCOB HepBHoro Bo36yxKTeHuS yepes 
T@.1a KTETOK ONPCHeAeTCA COCTOAHHEM STHX KeTOK. Kverky 
MOryT MpOMycKaTb HH HE MpONyCKaTb HMMyJIbchl B 3aBHCH- 
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MOCTH OT TOLO COCTOAHUA, B KOTOPOM OHH HaxosaTcH. ITO 
COCTOAHHe ONpesemaeTcA MHTaHHeM KJeTKH, HaJMNHeM XHMH- 
YeCKUX CTHMYAATOPOB B OKpyKalouleH KleTKy CpeAe Ww NPHXo- 
TAULMMH CTAMYJIUPYIOUMMH «WIM =TOPMO3ALIIMM  HepBHbIMI 
pasjlpaxkeCHHAMH CO CTOPOHBI APyrux KJICTOK, 371eCb MBI NOL- 
XOJLUM K CJIOXKHOMY BOTIPOCy 0 KOMMYTALLHH HCPBHBIX pasAPa- 
*KeHUIl — UX TepeKIOUCHHIO C OMHOH MAH CRASH Na Pylylo. 
Cefiuac MB He OyeM BUaBaTECaA B MOAPOOHOCTH H BCPHEMCH 
K 9TOMY BOMpocy HO032«Ke. 





Puc. 5.16. Uunyapcet Bos6yKAeCuHA YYBCTBHTCABNOFO NEPBHOTO BOOKA 
HCPBHOrO y3a cepa (KapoTHAHOTO CHHYyca) Np pasIn4Hbir y pOBHAX 
faBlenHsA KPOBH. 


Jlapaenne nonpiuiaetcs oT I kK 4; S—-purmMnveckie Ppytilbl UMNY.ILDCOB B OJLUHOVHOM BO- 
WJOKHE ARHraTecILHOFO HCPBa HapYRU_IX MEA pPeCEPHIN MDITTL KOMIKH (FPVIINbl C.1eAy10 T 
B PHTMe AbIXaHHst), OTMCTKH npemMeHH—VU,2 cen (110 Bponky). 


Ha BCeM NPOTSOKCHHM HeEPBUbIX CBHBCH PacnpocTpanenne 
BO3OYKACHHA MPOHCXOAHT 3a CueT 9HeprHyil HEPBION CHCTCMBI, 
a He 3a CUCT SHEPrHH MoOcTyNMalouero u3Be CHTHATA PaslTpa- 
KeHus. Heppuaa cucTeMa HMeceT, TAKHM o6pa30M, BHYTpeHHee 
ycHleHHe CHrHata, o6ecneunBatoulee Cro Tepe tay 6e3 3aTy- 
xanua, Heppupili Kava CBaAsH OO1a1aer OrPpaHHYeHHOH 10.10- 
cot uactot. U3smMeHeHHaA BXOMHOTO CHTHald Hodee Onicrpple, 
UeM, CKaXKEM, CaMbIll KOPOTKHH pedpaktTcepibli MepHod NepB- 
HOrO BOJOKHA He MOTYT ObITb MepeAanbl NO HepBy. «DB bICOKO- 
yACTOTHBIM> CHTHad Mp mepedaye NoABepracica HCKAAKCHHIO. 

Moxuo NORCUHTAaTh TpoMmycKHy!o CHOCOOHOCTb HepBioro 
BOOKHa TCM 2Ke M€TOJOM, KOTOPbIH NpHMeHAeTCH 1A TEXHH- 
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H€CKHX KaHaslop cBa3H. IIpu stom, Ppa3ymeetcu, HeoGxonnumo 
YIHTBIBATh TOT akT, 4TO Nepegaya mo HeEDBY ABJIAeTCA 
CBA3bIO MHOTONpOBOAHOH. Tak, HaNPHMep, 3pHTebHOe OULy- 
ItCHHe Nepeqaercsa OT ceruatku ruagsa xK 3PHTe@JIbHbIM WeHT- 
PaM MO3ra NO 3pHTebHOMY HCPBY, COMepkaWleMy HeCKOWJIbKO 
ACCATKOB TbICAY BOJIOKOH. 

Moyo Takxe OUeHHTE NPOMYCKHYyIo CnocoOHOCTh He oT- 
ACJIbHBIX HEPBOB, a BCeli Hx COBOKYMHOCTH, OOcJIyKUBAaIOMell 
AaHHOe «<BHELIHee YyBCTBO» — cutyx, SPeHHe, OCH3aHNe, BKyC 
HT. . SATCM MOXKHO CDaBHHTh OTMenbHBIE KauaJibl TO TX mpo- 
NYCKHOH cnoco6noctru. B PCSYiIbTATe CPaBHCHHS OKASbIBaeTCA, 
4TO Ha N€PpBOM Me€CTe CTOHT 3pcHHe, MMelolee CaMY1IO 60/1b- 
IyIo HHopMawHourtyio NpONYCKHY!O cnoco6uHocTh, ganee 
HACT OCH3AHHE H elle Tasiee —cayx, Umenyo NOSTOMY TIpote- 
3H4pOBaHHe (B HH(*OpMalHOoNNOM CMBIC.1@) YT@PAHHOrO 3peHHA 
HeTde OCYHLECTBHTbh C NOMOLWIbIO OCA3AHUA, 4ey c MOMOULbIO 
C1YXa. OQPOT BEIBOA MOKeT Oka3aTECE NOJI@3HbIM JIS KOHCT- 
PYKTOPOB MallHH, MpeHa3HayeHHDIX AAA «uTeHUAy neyatHoro 
LUIPH@Ta CJIeENbIMH, 

Bee cka3aHHoe BbUe oa H€PBHBIX CBA3AX MO3BOJIMeT pac- 
CMaTPHBaTb Tlepeqayy BO36yXeCHHA TO HepBy, Kak THIMMUHbIL 
ClyyaH nepewqayn coo6mexnuii mo Kauadly cBxa3v. HM ator Kava 
CBI3H MOKCT TOIHONCHHO HW MOJIHOMpaBHo paccCMaTpuBatTpca 
B OAHOM PATY C TCXHHYeCKHMH KaHaslaMH, ToxKe nepearolu- 
MH CHrHa OT KOppecnoHweHta ampecaty. Oco6enHocTbwo 
HCPBHOTO KaHaJla CBA3H ABIACTCH TOUIbKO CBOeOOpa3ne (bH3Ho- 
TOPHYCCKUX TIPOMeCCOB, ABISAIOWUXCA HOCHTeeM HUopMa- 
HHH, KOTOPOC B CYLINOCTH OHO TOKO MH OTMHUAeT STOUT Kanal 
CB3H OT MHOPHX Apyrnx, 


— 
a ee 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


- 
—T 
— 
- 
“TS a= 


Asean woke Cae SO Ee 
: ae — ree - 


ne © —tis / 
7 : oo 
» - 
“Bice ; ¢ ro 7, 
(TRA LR 
JT vi} Uys 
eens roe ‘ 
. OP aes ¢ on 
ibe ee 
= Fi . ia E 
eS 


ADA 6 tr SS 








OBPATHAL CBAdb. PErY JHPOBAHHE 


[IpennouoxKHuM, 4TO HaM HeOoOXONHMO BO BpeMs Haluero 
OTCYTCTBHA NOLAEPARUBATS MOCTOAHHOH TeMMepatTypy B KOM- 
Hare. [Lda 3TOM HeH Mbl XOTHM H3ProOTOBHTb ABTOMAT, KOTO- 
Db peryTHpoBal 6LI KOMHaTHy!O TeMNepatyPpy. JlonyctTuM, 
uTO Ls HodmepKauna mocrouHHoH TemMmepaTypbl BO3AYX 
B KOMHaTe HeOOXo.HMO Bce BpeMaA NomorpeBaTb H Mb! MO?KEM 
peryUpOBaTb HarpeB, HW3MeH A nosauy TOWWINBa B Neb HAA 
CHy TOKA B SvleKTpoHarpeBaTce, 

Camoe rmpoctoe peulenne NOCTABICHHOH 3a4aul —- 970 yCTa- 
WoRith Takoll pery.tarop (WampmMep, yacoBoll MCXalu3M), KO- 
ropbili ¢ TedeuHeM BpeMehy MCHA Op HarpeB B COOTBeETCTBHH 
c oKHRaeMOl NOTPeOUOCThIO B TCILTC. O6v4Ho K YTpy cTaHo- 
area Xomoec, W NOAauy TOMINBa B yTPCHHHe Wacbl ceaqyet 
VBOTHUHTb, Takoe «pcrysHpoBanhe Ho HporpaMMe» lpeAno.la- 
raeT 3HUaHHe CTATHCTHUCCKHX cBeeHult 06 H3SMCHCHIH BHeWIHCH 
TeMMepatypbl B TeveHHe CYTOK. Pery.IaTop, paG6otTaiouluHn TO 
mporpammMe, He cnoco6en cipaBUTbeaA CO cpoch 3amaueli, ec.1H 
BHCHIHHE YeOBU CHJIbHO OTKTOHATCH OF cpocro cpe Hero 
3uaUCHHS!, HaNpHMep, ec1H K YIpy IpOHZOHTeT HeOAUAAHNOe 
MOXOJOMAHHE WH NOTCILICHHE. 
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As toro yro6p yayumure pa6oTy peryastopa, Heo6xo- 
AMMO BBOAHTb B Hero HH*OPMALMIO O BHEILHeit TeMMepatype 
H 3aCTaBHTb ero PearHpoBaTh Ha ec H3MeHeHUS. Torga caly- 
NaHHOC MOHHAKEHHE BHEIIHeEH TeEMMePaTypLl BbIZOBeT He TOUIbKO 
OX aK TCHHE KOMHATbI, HO HM Yepes BO3srelictBHeE pa pery.1a- 
TOp — yBevIH4eHHe HarpeBa. Takada cucTeMa Ha3biBaeTca CHc- 
TEMOH «IpsMoro peryaupoBaHusa». Llenoft 6bompinyx ycH aun 
IPH HaTa*KUBaHHM ABTOMala MOXKHO MOOOpaTb ero Xapakte- 





Puc. 6.1. Tepmocrar. 


Tlorstmenne TeMNCPATYPbI BHYTPH ulKada BbISHIBAeT PeaKUHIO UVYRCTBHTeNLIUOrO 93y7e- 

M@QHTa-—-NOAbEM PryTH B TpyoKe TEPMOMCTpa 24u 3aMBbIKaHHe 3CKT PHEeckoro KOHTAKTA, 

KOTOPbIfT BKJionaeT mMTanne 4, NoLaBaeMoe Ha OOMOTKY pete 3. bene, cpa6otan, paa3- 

MbIkKae€T KOHTQKIN H BBIKJIOUaeT OHTaHHe fF Harperate.ia f, Tem CaMbhIoM npekpaman 
NOBbUUeHHe Te MMepaTyppl. 


PHCTHKH Tak, 4YTOObI CTeMeHb HarpeBa COOTBeETCTBOBAaJa cTene- 
HW OX/laKACHHA BO3AYXa Mp H3Me€HEHHH BHCWINell TeMMepaty- 
Pbl. OHaKO OTKpbITad ABepb uN opTouKa cyenaior u 3TY 
CHCTeMY HeaP@eKTHBHOH, HOO oOxmaxKTeHHe KOMHATHI yepe3 
(bopTouky yBesIHUHTCH, a HarpeB, 34BHCAULUI TOUIbKO OT BHELI- 
Hel TeMMepaTypbl,— HeT, H PaBHOBecHe 6yzeT HapywuieHo. 
PatuKaabHoe pelmenwHe 3amaun mocruraetca 
CHCTEMOH C OO6PaTHOK CBHA3b0, Han «cHcTeMofi 
PperyJIHPOBAaHHA 3aMKHYTOrO UMKJia», Takag cuctema OoTVIH- 
4aeTCA OT NpeAbIAyYWIHX TEM, 4¥TO NOMaya TOMIMBa oNnpere- 
ACTCH HE 3apaHee yCTaHOBJeHHOH MporpaMMoH Mu He BHelL- 
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HHMH YCAOBHAMH, @ pa3HOCTbIO MCaK ALY neHcTBHTedib 
HbIM 3HaueHHeM TeMMepatypbl B CaMOH KOMIaTe H KC Mac: 
MBIM ce 31auecHiem. EcaH remmepatypa B KOMHaTe paBHa 
salanHoll BeTHUNHe, TONAUBO NOAAeTCA C HCKOTOPON HOPMaMb- 
Holi ckopocTblo. Ecan Temfepatypa CTaHOBHTCH HHKe (BbILIC) 
3aaHHOro YPOBHA, NOAava TOMMNBA YRCTHYNBACTCS (VMe€Hb- 
WaeTCH) MPOMOp MMOH abo o6pasopaBuieliea PasHOocrH, Ta: 
KUM O6Pa30M, pery-eliTOp He TOTbKO BOSCHCTBYeCT Ha TeMIIC- 
patypy KOMHAaTHI, HO HM “OIyidaeT> Pesy.1bTaT ITO? BO3JLCHCT- 
BHS H ABTOMATHUCCKH H3MeIsIeT BOSACHCTBHC Tak, uTOObI pe- 
3yAhTaT KaK MOANO MCHDINC OTANTATCH, OT KC aeMOro, 





Prue. 6.2. AproMaTivecaHl pysiesuH. 

HMavuenenne kvpea cystna J BO CTOpPONY 2 BEabIBVeT Ipemecchin POLK @ Bo HANpP I BAe: 
HUH 3M BaMBIKQHHe KONTAK1IOB ¢, KOTApPOe Suc tabsrsbe ky SO. Op A oppurlarhea B HailpaB: 
JIQHHH ¢ H NOBOPAIHBaATh PY¥tb B PR WallpuAJrou 5, BbIPUBHITBIA CYANO Ha WpeakieM 
Ky pee. 


Tenepb MO%KHO OTKPLIBATh MOPTCUKH H ABEPH He He GOAT b- 
ea Kanpugos morogbi. Haim aroma «ipiios3al» HeHoOCpeA- 
CTBCHHO K TemMiepatype BO3yXa B KOMiaTre I Oyler ee NoA- 
ACPHKHBATb GBTOMATHHCCKH, UCZABHCHMO OF MOObIX BUCLIHAX 
Bel SHH, 

Tipyrum THMNGHbIM MpHMepoM NPHMCHCINs o6paTion CBAs! 
EBIACTCH ABTOMATHUCCKHH PYICBOH, HAN ABTONMAOT. BbIxosl 
oe yerTpolicrBo Bo3slelcTByer Ha PYyvlb KOpaOAA HJM py.1h 
camoneta. BxonHoe ycTpolicrBo pahoTaeT COBMECTHO © KOM 
nacoM, OTMCUAA OTK. TOUCH (PaxrHyecKorO Kypca OT 3a 2a 
Horo. IIpH OTKOHEHHAX OT 344aHHOrO KYPCa BxomMoe ycTpoH 
CTBO BUICT CHITA, KOTOPbIi Mocte YCHACHHA BbIseIBAcT 10 
BOpOT pyle MH BbIPAaBHHBAHHe KypCa 
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Cuctembt c o6patHof cBsa3bi0 upeSBbIYaHO UIHpOKO pac- 
upoctpaneubtl. Mo2xkxHo nepeyncuts Muorne H MHOrHe IIpuMe- 
PEI HX MPHMeHeHHA B TexHuke. Boaee toro, pery.Mpopanue 
C OOpaTHOH CBA3bIO XapaKTepHO wWIA MHorHux OnomornyeckHXx 
npoweccos. MoxHo 6e3 npeyBeanyuenns CKa3aTb, TO OOpaTHan 
CBASb ABAACTCA HEKOTOPBIM YHHBEPCabIbIM OOLLUM NpHH- 
UHROM KHOepHeTHueCKAX CHCTeM. . 

IIpoctas cuctema PCryJMPOBAHIA 3aMKHYTOrO IHKAa co- 
CTOHT H3 H€CKOJIBKHX Yy3JIOB, COCAMHCHHBIX B oOollyio, xapax- 
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Puc, 6.3. Cxema cucrembl c OOpaTHOH cBHA3bIO. 


TCPHYlO JIA BC€X TAKHX CHCTe€M CXemMy. Dra cxema npuBemena 
Ha puce. 6. 3, 

Cuctema peryauposauns SAMKHYTOrO UHKJIa, Kak lpaBu- 
‘10, BKMOFdAeT B CeO HEKOTOPOe SHEprernyueckoe YCTPOHcTBO, 
MPHBOAMMOe B AeHCTBHE OT BHYTPCHHero ucTOUHUKa 9Heprun 
H YNPaBAACMOe C BbIXONa YCH.MTeIA CHPHama. Ito BbIXO1HOe 
HCNOMHUTEJIbHOe YCTPOHCTBO MOxeT, HanNpHMep, MpOH3BORUTb 
Harpeb HTH OXTAKEHHE, MEPCMelATh TAAKCIbIC Teva, Npou3- 
BOA MCXAaHHNeCKY!IO PaOoTy, OTKPLIBATh H 3aKPbIBATb KJlana- 
Hdl, SaCIOHKH, KPaHbl, BpalllaTb pyJiH HT. o. Pesyastatom 
paOOTbI BbIXOMHOrO ycrpolicTBa BCerila ABIAeTCA ReHcTsByHe, 
NOAWaC 3dkoyalollee B ce6e O4eHb G6OTbWIHe KOMHUecTBA 
IHEPPHH HW HanpaBdeHHOe Ha HEKOTOPHI BHeIWHH, no OTHO- 
(UCHHIO K CHCT€Me PeryJHPOBaHHH, O6beKT. 

Kak MBI yxKe CKa3avin, yupaBJieHte BbIXOAHbIM ycrTpoiict- 
BOM, CKaKCM MeYdbIO B HAIleM MpPHMepe, OCyCCTBAReTCA CHT- 
NaTOM C BbIXOMa ycuuTena, CurHad TobKO ynpaBlser BEI- 
XOJNBIM YCTPOHCTBOM, HO Ile cna6xKaer ero sHeprueh. Mour- 
HOCTbh BXOAHOPO CHTHalia, NOMABaeMOTO Ha YCHJNTeAb, MOKET 
ObITb OYCHb Mata, 
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Cyusgecrsenioit dactbio cuecreMpl perylitpobaitna C oOpai-: 
HO] CBAZbIO sBINeTCH CaMa Utilb OOpaTHOn CBA3H. JleficrBue, 
MpOH3SBOAUMCe BbINOARDIM yeTpolicrBOM, Yy-laB-IHBacTCA He- 
KOTOPHIM YYBCTBHTCIbIbIM 91CMCHTOM, B KOTOPOM OHO mpeo6- 
pasyeTcA B CHIlad, 1 9T1OT CIVHad Nojacred C BbIXOJa CH 
cTeMb! OG paTHO Ha ce BxO-L (oTCG/a TepMiHH «oOpaTiaa 
cBi3b»). L]a BxoJe CHCTeMbI CTONT Q1€MCHT CX€MbI, KOTOPDIIt 
CHYKUT IWId CpaBHeHHA ABYX CHIHAJIOB. curHada oOOpaTHot 
cBaA3u, Hecyulcro HHPopMauHlo O PCsy-TbTare pa6oTH BbIXO.- 
Noro ycTpolictBa, HM BXOAHOrO CHYTHasla CHCTCMBI, llocTynato- 
uleTO H3Blie MK Hecyuicro HHPOpMalHiO O WCTACMOM pesyilb- 
TATE JLCHCTBUA BbIXOLHOFO YCTpUlCIBa. B pesybTrate cpaBHe- 
HHA Moyuaerca pasHocTb OOOHX CHINATO, KOTOpaA H TO- 
qactes Wa BXO; yclnTeda. Lem *KeOMACMbIUL HK JCHCTBUTeAb- 
Mbit pesyIbTATL! CoBNagaloT, CHrHal Ha BXOTC YCHAKTeAA 
papel HY-1O H BbIXOAHOC yeTpolicrBo Oe3.aclicTByeT. 

Ecan 2ke, BedesicTBHe = 110 OLX BOs LeHCTBHI, 2%e1aeCMbIn 
Mo MCHCTBHTCIbHbDIH pe3syTbTaTDE We COB Ma LaloT, pasHOocTHbi 
CurHasl Ha BXOJe yCH.ITeAdA He paBen Hy o, ITO 3acTaBJIAeT 
padoratTh BbIXOATIOC yCTPOHCTBO. AO TEX <0), NOK jeH- 
CTBHTCJIDUbIHT pesyibTaT lie cTaleT paBeu *KCMACMOMY. 

BxowHOll y2e41 CHCTCMBT MIpCAcTaBarAel coboll BbIYHTAaIOMICe 
yerpolicTBo. kia BbIXO-LHOTO CHriladia CHCTeMBI, aroulero CBe- 
lelHA O 2KCTaCMOM pesydbTaTe, BETH TaecTCA BCH, 
OUPENCTHEMAN CHPUAOM o6patHoii cpa3n. LlostoMy TaKOH BHA 
O6parHoll CBABZH HASEIBAacles KOTPHUATCJIbHON» o6paTHoH 
cBa3sblo. CyuiecrByloT H CHCTCMBI CHOAOKUTCbHO» OOpatT- 
Holl CBA3bI0, KOTOPbIe Mbl pacCMOTPHM HeECKOJIbKO TNO3Ke. 

Cuctema ¢ OOpaTHO! CBA3bIO HCIIDITHIBACT, OUeCBH AHO, BO3- 
neficTBUa JLBOAKOTO pola. Bo-nepBbiX, BJIMsSHHe CLYTAHHbIX 
H3MCHCHHE BUCIUNHX yC-lOBHH; B Cly4ae TepmMocTata —— 9TO H3- 
MeHCHHA yC/loBHit TeldooOMCcHa (U3 MeHeHHS BHeWIHeEH TeEMMe- 
patypbi H TemOnpoBoAHOCTH cTeHoK), B cuydae abTONHAO® 
ya-—-9TO BANAHMe BeTpa HT. A. Bo-BTOpbixX, BO3MeHCTBHE 
BITCHINerO CHrHaTa yipaBlTcuks, KOTOPbIi MaeT, Tak CKasaTb, 
ONOPUblit YPOBeHb AeTaeMOTO pe3yIbTaTa, HCXOAA 3 KOTO- 
poro cucTeMa «<oTpabaTbibaeT> BHCUINHE posmelicrpua. Ilovb- 
3ysiCb CHTHAJOM YipaBsennst, Mb! MOKCM ycTaHOBHTb TEPMO- 
perysTOp Ha HOBoOe SHadeHHe remMMepaTypbl, H aBTOMAT 6y- 
eT NOALCPKHBATb STO HOBOC 3HauCHHe. 

Bxosaoll CHAT MORO IeNpCPbIBEO MeuHaTb. B atom C.TY- 
uae BEXOAUOe yeTpolieTRo Oyler pagOotatTb Tak, YTO Ha Bbl 
xojle ero BOHUNHa, XapakTepHsylOlhes pesyIbTaT cro JeHCT- 
BUA, HANPHMeP, NOMOWKCHHE TAMKETOTO rpy3a, 6GymeT NOC-YLUHO 
Ce1OBaTb 34 BXOMILIM CHPHa-1OM, KOTOPbIN MO2KeT 3aaBaTb- 
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CA, HaNpHMep, MOBOPOTOM He6oudbulolt pyykH nan aerKoro 
MICKA HJIH HHYTORKHBIM CBETOBbIM NOTOKOM, Wamlaloulum Ha 
(poTO31eMeHT. 

Kak Obl pH 3TOM HH OBI c1a6 BXOAHOs CHrHaJl MW Kak Obl 
HH ObWIa BeTHKA MOULHOCTb BBIXOJHBIX YCTPOHcTB, BbIXOAHOe 
YCTPOHCTBO 6yeT He TowbKO NOCAYINHO C.I@NOBaTb 3a H3Me- 
HCHHAMH BXOAHOPO CHTHAJa, HO H CTAOWIH3HpoBaTD BbIXOLHYIO 
BOUAMHY MPH CYYaHHOM U3MeHeHHU BHeIUHUX ycsoBuit. 

EcrecTBeHNO Ha3BaTb CHCTEMY C OTPHUATeMbHOll OOpatuofi 
CBASHIO YCTPOHCTBOM,MCMOH TIOULMM curHast, rT. e. npes- 
PauLawONLHM CHrHa.l B slelCTBHNe 3HauHTeBHOrO aHeprerHye- 
CKOrO MacluiTa6a. 





fla-0, Wet, cy 


Puc. 6.4. Pemenne TPaHCueiUTeHTHOrO ypasnenna ce 
HOOULBIO CHCTEMLI C OGpaTilo‘d caq3bI0 (K—koappu- 
WUCHT yeiterenust). 


Bnpoyem, we caenyer AYMdTb, 4TO CucTeMa c O6parTHoft 
CBASbIO HEMPCMCHHO OOlaaeT GONbUOM MoOMHOCTHIO BbIXOHOPO > 
yeTpolicTBa. Cyumlectsyer mucro NPHMCHeHHH TaKHX CHCTeM, 
PRC STOrO He TpeOyerca, XoTA WB 3THX NpHMeHeCHHAX HMeercH 
YCHTHTCIb CHrHada. K unery TaKknx NPHMCHCHHH OTHOCHTCH 
HCHOTb30BAHHe OOPATHOH cBx3H B pellalouLHx ycTponcTBax 
HENPEPbIBHOrO HeHcTBua. Ila pemennsa coxKHOro YpaBHeHHs 
(HalpHMep, TPAHCHEHCHTHOrO) CMOS YyIOT Cs yeTpolictsa, 
PYHKUMONAAbHO nNpeo6pasyiouwne cura, HW300PaxKaloulnlt He- 
SABHCHMVIO nepemenuyio, Poemacmoe ypasucnue IPuBOUTCH 
K BIty 7 (*)=0; chauana p Kaucetne apryMeHTa X BRO,HTCH 
NPOH3BONbHag BoTHUHIA. Ha Buxone byHKILNOHAAbIbX mpeo6- 
PasoBaTeTell MostyuaeTcH HeKOTOpan BQHIYHHAa, OTNIHad OT 
Hy. f(x) =ys60, Ora BCINYHHa MOMacTcA B KauccTBe BXOd- 
Horo CHriata Ha Welb O6paruoil cas3H, c BbIxoga KOTOpPOH 
CHHMdCTCA BeTHYUHHA aPryMeHTa xX, BRBOANMOrO B (PYHKWHO- 
HaThHOe petiawulee ycrpolictBo. Cuctema u3menser BXO/IHYIO 
MN BHIXOTNYIO BOTHYHHB! 10 TeX MOp, ToKa He OymeT yronaer- 
BOPCHO YPaBHCHHe H Ha BbIXOZe MVHKIMONAMbHOrO YCTPOH- 
CTBa HC NOABHTCH HyIepoe 3iauenie (Tounee, BHauenlic, G61H3- 
koe K Hy.10). Peutaioulee ycrpoiicrso c oOpaTHOoH CBA3bI0 KaK 
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6b HueT NOIXONAULee 3HAYeHHE KOPHA, Pelllan 3atauy MeETO 
TOM TMOCeTOBATCDHBIX MpPHO.HKCHHH. 

Pasvoo6pa3ubple Mpx6ophl Taxoro Tuma, w Womwac OFeHb 
CTOMHOTO YCTPOHeTBa, WHPOKO NPHMCHALOTCS B TEXHHKE. 

CucteMb Cc O6paTHOH CBASbIO MO CBOHM CBOHCTB4M PpC3KO 
orlnualored oT cHcTeM HpsMoro peryupoBania, OTHYHA 3TH 
MOKNO UPOCICAHTh C Pa3IMYHBIX TOVeK SPeHHA, Ouu xapak- 
TEPHDI H HMCIOT GOMbUIOC NPHINMMNMAAbNOe 3AauenHe. 

B cyereme Mpsamoro peryJIpOBaHHA, Kak Mb! ye BILLET 
BhILUe, H@KOTOpBIIT CHTHaT, MOLaBAeMbIl] HA BXOA CHCTEMBI, 
NDOXOANT ycHenke H MpcoOpa3zo0Banne B CHCTEME. B pe3ylb- 
rate, Ha BbIxoe CHCTeMBI HMeCT MecTO HeKoTOpoe SHeprerH: 
veckoe sleficTBHe, OTHA3ZHANHO OTpPeAe.THE MOC BXOANDIM CHIHa- 
OM, HANPUMCD BHITeNCHHe Tela WAM MOBOPOT Pyell. B 3TOM 
OTHOLUCHHH cCHCTeMa TIpAMorO peryAHPOBAHHA, Ka3dlOCh Onl, 
nolo6lHa CHcTeMe ¢ OOpaTHOH cBA3bIO. OAHaKoO 9TO CipaBeA- 
AYBO TOTbKO pH TOM yeAOBMH, YTO BCe BICHINNC BAMA 
H BHYTpeHHee CocTOMHHe CHCTEMBI OCTAIOTCA CTPOTO H1CH3MCH- 
HBIMH H He OKABbIBAIOT BOZTICHCTBHH Ha pesyibTar paOorTbl 
cuctempl. B npaktike Take yeoqOBvaA waule Bcero He BbITOWT 
HHIOTCSH, NOSTOMY .1OG0C H38MCHeHHe BHeELNIIX YC.IOBHH HI 
H3Metlele XapakTCPHCTHK Yy3.10B CaMOH CHCTeMbI BAedeT 34 
coboll w3MeHellve pesy.lbTatTa pa6orbl CHcTeMbl pery.THpoBaHnAA 
pasoMKHyTorO WHKa (TO cpaBHelMio C AtetaeMbiM pesy-IbTa- 
TOM). T&k, HaNpaMep, NOpbia BeTpa cOuBpaer Kopa6ijlb c Kypca 
WH ORE YMCHDUICHHE KOsPMULNeCHTa YCHeHUA yYCHAHTeAA 
curuada BeleueT 3a COOOn YMCIHbINeCHHe BEXC-LHOTO 3b(pexta 
IPH HeH3MCHHOM CHTHade Ha BXOTC. 

ZaMbplKanne NCTAN O6parnol cBI3H Cozaey KAUCCT BE H 
HO HOBYIO. cHcTeMy, 06.1a1a10llyio HOBBIMH CBORCTBAMH, 
KOTOPHIX H@ HMCTH eC COCTABHBIC WACTH. NapakrepyucTHKA 
CHCTEMbI C OOPATHOH CBAZKIO B WHPOKUX Mpeaetex WC SaBie 
CAT OT XAPAKTEPHCTIIK Ce Y310B HIN 9TA SABIICHMOCTH OKa3hr 
BaeTcsH OUVWHD Mano. Tak, u3MeHeHve KOadMpnUMeHTa YCH-AACHHA 
VCHAH TON OKASbHIBACTCA NPakTHYCcKH HCZAMCTHBIM, CCH TO.Tb- 
KO NOMDDHNHEHT VCHACHAEE OCTACTCA CHC TLOCTATONTO OOAbWEM. 
Kpome taro, creremMa C o6parnoli cBaspia paooraer, y TH 
TLIB AS BUCIUHH BAUS Ha posyabTat paburol i Pea lr 
DY Aiea WX TAKIM OOPassM, yreGbl VeTPAHH Tb BT BeRETTAA, 
CuctemMa ¢ OOparTruaQit cBaehia haK Ou sUpHCHOCaOTHRAeTCAs 
K BUCHIUNAL Ve roBiitM. AnromMaTinecer nih pytescy nocerano- 
BUT TWykKiial Kype, HO KART OE Mpwidae Tot UPOH IORLIG OF 
ROC Ie. 

Paadidie Givtea EpsIMOro peryebip 98 ViiGL OP GEST EN pe- 
PYM POKOU ST OOpatiol CBasbIa XOPOitoO BHATT MOGHTOMH 
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CTPOHTb NapyCHble H MOTOPHBle MOZeTH cyzos. Ilyckaa MOeb 
B OTKPbITOM OacceliHe, OHH BCera CTaKMBaloTCa c Tpy1HO- 
CTHMH, KOr2a NbITAIOTCA OOeCNe4HTL XO MOReIH NO 3alaH- 
HOMY KYDCY. 

Ect 370 ylaeTca Cle1aTb IPH paBHOMepHom BeTpe H OT- 
CYTCTBHH TCYeHHS, TO MPH MOPbIBHCTOM BeTpe HIM BOLIHE, Tf, @. 
MPU WaTHYHH CTYYAHULIX BIVAHHH H3BHe, MOZeIb COuBaeTcA 
C KypCa H MasI@KO OTKIOHACTCH OT *eaeMoli TpaekTopun. 

‘ Hukakaa mpeapaputedbuaa ycTaHoBKa PpyIa WU CHacTeH He 
OOccneyHBaeT CTaGuM3alHN Kypca. 

8 9TOM Clyuae 3aa4ua peulasTca ABONKHM IyTeM: sIH60 

BROAHTCH ABTOMAT CTAOHIH3alMH, AH6O yopaBJeHne no panno. 
I]pocroit apromar nepenaer posnelicraue IPH H3M€HCHHH CHJIbI 
BeTpa C Tapyca yepe3s HarsKenvwe WIKOTa Na PYMMedb pyssa 
H LOBOPAYHBaCT PyiJb Ha HEKOTOPbIA yrOJl, YTO KOMMeHCHpyer 
HSMCHCHHE Kypca NpH NopplBpe BeTpa. Takoe ycTpolicrBo, cTpo- 
ro TOBOPS, XOTH HW OTPabaTbiBaeT H3MCHCHHA BeTpa, Bce «Ke 
He ABMACTCH CHCTCMOH C O6paTHOM CBA3bIO, TaK KaK OHO He 
Ollyulaer H He OYpaOaTHIBaeT H3MCHECHHH KypPCa  cyduHa. 
— —- Bovlee cio Ub AaBTOMAT JIA MexaHiueckHX Momeslel KOH- 
CTPpyupyercH Tak Me, Kak aBrTOMATHYeCKHH pyseBOH waa Ha- 
CTOMUHX Cy10B, Ti3mMeHeHue Kypca (No KakuM 6b! NIpHoHitam 
OHO Hii MPOHCXOAHIO) OTHOCHTeIbHO Kypca, 3aqaHHoro§ m0 
KOMMacy (HH Manky), T. €. OWHOKA B Kypce, BHIZHIBaeT 
B KOHCUHOM HTore IOBOPOT pyJIH, MOBOPaunBalolero cyTHO 
10 HYKHOFO HallpaBJenusA, OTO-—~ THMMYHaNd cHCTeMa c O6par- 
HOH CBAB3HIO. 

(ip Hcrosb30RahHH ynpaBJleHHA MOJeHMH MO paguo ner- 
AA COpaTHOH CBA3H 3aMbIKacTCA Yepes OepaTopa, HaGw10- 
aioulero ¢ Oepera 3a OTKMOHCHHAMH MO/eJIM OT Kypca H BO3- 
AEHCTBYIOWWerO Ha PYM C MOMOMBIO ynpaBAeHHa To pamuo. 
JI MOIHOTE! CleqyeT yNOMAHYTb, 4ro Ha Napyciom cyaHe 
(He MOReCIH) pyevoH, Ha6MORawluHit OTKIOHCHIA OT Kypca 
H HCIMDABJSUOUIMH HX MOBOPOTOM pYyJIH, ABJISICTCA 2KHBBIM 3BC- 
HOM NeTJIH OOpPaTHOH cBaA3H, cCTaOHJH3NpylouleH cCyaqHO H3 
Kypce. 

Ip KOUCTPYHPOBAaIiNH CTAUKOB-ABTOMATOB pa3sANutie B Mpo- 
rPAaMMHOM 3perVJHPOBalHH MW peryHpoBANnin Cc o6paTtHor 
CBIZHIO RpHOOpetaer  yoKE Cephesioe  TeCXHHKO-9KOHOMH- 
uecKoe 3HANCHHe, CTradok-aBToMaT — BUINOTHAe? — OTepalLHlO 
iO OOpaGotKe ChIPbH, Tpespauyasd ero 8B usiedae. Onuepaunn 
MOKCT APE LeTaAB Ith COGOH HB3MenCUHe (OpMbL H pa3sMepon, 
o6rouky, waudosnky, oxpacky (mevaranne o6ocs, pucyhKa Ha 
TRANH), XMMHYECKYIO O6paAG6oTKY, TeMTORVIO OGpPaboTKy HT. TL 
Bb KaKNOM CJYYae ChIDbe, opylve, xapakrep oOpaborTkKH H 


3s, 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


pesybTaT pasIM4Hbl. OOUIMM Mat BCeX CTYYaeB ABAACTCA TO, 
U10 [IPOH3BOAHTCA HCKOTOPOe BO3/LEHCTBHE Ha CbIPbe, KOTOPOC 
nosBepracr cbipbe O6paboTKe WH MpeBpaulaeT ero B MNPOAYKY. 
PaOora cCTaHKa-aBTOMaTa@ MOKeT peryHpOBaTbcaA NO 
uporpamMe. B 9ToM Cydae Nodaya cyluopTa W pesila TOKAp- 
Here CTAHKAa, HanpuMep, ompexelseTca POpMou ia610Ha WH 
ycTaHOBKOli MpeieIbHoro ymopa, 3aNaioulero HYAKHBIH Pas- 
Mep eTaH, KOTOPbIT TOUKeH ObITD NoOMyYeH B PesyAbTAaTe — 
o6pasoTKH; TeMMepatypa Mey wu BpeMA MpeObipanlia B New 















ae ee, id 
———- was ante Cheeses ee 
‘ ' a an eS 2 
i e : ik, . ee ne te, 


- 
—_ 


Pee 
oa 


Pic. 6.5. Pyaesod, yapas.1moulnit KYpcoM cydHa. 

H3Menenne Kype: cvana fo B cTropoty 2 BOCNpHHUMeeiCH Spee py-lenoro (110 6epe- 
rOBBIM OpHrentip 1, BRe3TeM TI Kemnacy). Pysenott nepex.rAbmaer UWITYPRUT BCLO- 
pouy 3, YTO BlBHSaer HOROpOT pydia 4 B Cropony OW BeIPABINTBAHUC CYA 
lia npexkHem Kypee. 


H3NeNH XMeCOOVveKApHH YcTanaBIHBacTcH Bapalice H OARAK- 
Ibi; COBNAICHHE PHCYHKOB Pa3JIMYHbIX UBETOB ONPeAeTACTCH 
MOTOHKCUHEM BaIHKOB NWeyaTHOrO CTaHKa H TOUHOCTbIO Npo- 
TAIKKH MaTepHata  T. 2. 

TowrocTh pe3ybTaTa 3aBMCHT BO BCeX STHX CyY¥aax OT 
HOCTOMUCTRA CTPYKTYpPb!l H PC2xKUMa paOoTbI CTAliKa-aBTOMATa. 
JLocrarouno H3SMCHUTDCHA OFHOMYy pasmepy (WwanpuMep, B CIy- 
yae NgHOca) Het CONTECH VCTAHOBKe — HI pesyAbTaT OOPaoorKi 
BLIIeT U3 MONYCKOB; CTaHOK Hauer WesaTb Opak. 3a TaKHM 
KABTOMATOM» HCOOXOAHM Heoc14aOHbld HaAA30P, MpoRBepKa H 
peryAUpoBka. 

Hay30p 3a aBTOMAaTOM pe3kO COKpallaetca, CCH aBTOMAaT 
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paOoTaeT mo cucTeme perylupoBKu c oOpaTHoli cBa3plo. Tak, 
alpHM€p, PH NeYaTaHbH IWBeTHBIX O60€B Ha BbIXONe name- 
YaTAHHOH JICHTbI MOXHO NocTaBUTh YCTPOHCTBO ¢c (boTosvie- 
MCHTaMH H CBeTOPHAbTpaMnu, KoTopoe 6yzeET PHKCHPOBaTb Mo- 
MCHT NpOXOM CHUA PHCYHKa KaxkKoro uBeta. B cyuae pac- 
XOACICHHS PHCYHKOB (O6pak) necopnaneHne OyieT oTMeuaTbeA 
B BHC NOABJCHHA TOKA «CHrHasa OlUHOKH> B LeNAx (porogs.te- 
MCNTOB, KOTOPBIH HCMOIb3yeTCH Moce ycueHua Mis pery- 
HPOBKH OTHOCHTCbHOrO PaCOJIOXKeHHA BaAHKOB, MeyaTato- 
HMUIX PHCYHKH PaSHbIX IWBeTOB, C IeIbIO ycrpanenita pacxork- 
AeCuHHs, 

Cayuyaiiible npockarp3biBanHa wan PacTArMBaHve OyMax- 
HOW JIGHTBI, H3HOC M@€XaHH3MOB ¥ ApyrHe C.lyuanuble uw cucte- 
MaTHYeCCKHe BJIHAHHA OYAYT aBTOMAaTHyeCKH KOMIM€HCH POBAaTb- 
CH CHCRAILHM YCTpOHcTBoM. CTaHOK cam KOHTPONMpyer Ka- 
4CCTBO CBOCH PaOOTHI H ACNpaBAAeT OMIMOKU. 

ITono6uble 2e cucTeMBI Cc HaOwMOReHHeM pesy.bTata pa6o- 
Thr H COOTBCTCTBEHHOH aBTOMaTHuecKo}} Pery/IHPpOBKOH yera- 
HOBKH MOryT ObITb NMpYMeHenpl 4H TIPHMCHSHIOTCH BO MHOPHX 
NpOH3BoAcTBaX. HM B aTHX calyuaax oOpaTuas cBs3b, OcyLecT- 
BATACMAS TEXHHYCCKHMH YCTPOlCTBaMU, 3aMeHseT TDY eJIO- 
BCKa, NaOJlORaoulero 3a pabotoli CTaHKa-aBTOMaTa u_ pery- 
‘THPYIOWLErO ero pabory. 


Padota cuctem pery4posanusg 


Pa6oTa ce ASWLHX CHCTeM HTH CHCT€M C OOpaTHOonR cBA3bIO 
NOALaeTCH TOUHOMY ONMCaHHIO 4 Pacuety. Matemaruyecxolt 
opMyupoBkoit Takux onHcanuy SaHHMaeTCA TeOpHsa aBTO- 
MaTHYCCKOrO peryHpoBanua. Tonpobnaa Teopuan cdopmyan- 
POBalla, B UaCTHOCTH, MIS WMpokKoro Kaacca Tax Ha3bIBaeMbIX 
«IHIHCMHBIX® CHCTeM, 7. e. CHCTCM, ONHMCbIBAeMbIX JHHefbIMIT 
ALPCPCHUHAJIbHBIMH =yDaBHeHHaMH. Matematirgeckiit a:mia- 
PaT TeCOPHH JIMHEHHBIX CIC IAL CHCT€M SABIACTCH o6uUIM 
Als TCOPEM aBTOMaTHY4eCKOrO peryaupoRanusg TeCOPHH JIMHCH- 
HBIX WeneH B STeKTPO- H PaNHOTeXHUKe, a TaKxKe TCOPHH SIH- 
HCHHBIX CHCT€EM B M@€XaHHke yIpyrux rea AKYCTHKE, 

Mbt He 6yReM yaeaaTb MHOroO BHHMaHHA MaTeMaTuyecko- 
MY OMNCAINIO HW HCCe1ORaHHWO cBOlicTB cuctem. Hac OowIbuIe 
OyweT HNTepecoBaTb KayecTBeHHaA cTOpoHa siBNenHi. Tlostomy 
MBI PpaCCMOTPMM XapakTepHble THMbI peakuull CHCTEMBbI Ha He- 
KOTOPHbIC THIHYHDI€ BXOAHbI€ CHrHa.TSl — eLMHHYHpIII CKayOK 
H C1MNHYHbIT liMiyabe. O6a atu curuaqa ABIAIOTCA MaTeMa- 
THYCCKOH HNeaasaHvel, 4B MpakTHKe MpI MOMEM CO3aBaTL 
KX TObKO MpHOIMKeHHO, HO OHH YAOOHEI aH OMHCaHHA CH- 
CT€M WH HMH NOSTOMY WHPOKO Nowmp3yrorcs. 
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Hla pic. 6.6 nperctatlelibl THNMYAbIe peakun He CAHUHG 
nit ckayox (cbynemio Xepvcalifa): 


“0; -- |] put (220; 
uw ==0 mua t<0; uj =s=l auf 
Hoa egnHMYHD ummyspe (yaxiuao Jtupaka): 
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Puc. 6.6. Craufaprable BXOANDIE CEPHAIHE HEX OF) a 
OoTKa CHeTeMaMH ¢ OGpaTHod cBAsbIO, 00-14 4AMIONULTH 
PASAHYHLIMH XapawTrepuicTikasl 


a) @ANRWOEDET ChavoK (qivHKILAA Xerncalis?), OG) @ JUG eta th sat 
Hvabe (pyHKIUH flaparka). 


Orpe3ok BPCMCHi, 3a KOTOPDE Ss earner ets pe 
AO YCTANOBAEIMEPGCHL SHAMCHI [Oe iat, Teneo. we ; 
CTOMEIOM BPeMCITH CHereslh “eh Tee Oe 
His BHOMCITL, Tes GhIOHPCE CeTOMa Paerepyet. Sate Luasoe 
Ket MOCTHPATD YETAVEBIEBITOTOCT Co rOdTHEtT, TOD ye = 
K YCLANOBUBUTC MYC Sees 8 ” - Ue tees 
WCCK AS HCAKUSL), MOG BROCTO OMA area cee De : " on 
sHaueciist, KOdeGata OKUbL SATY ART CO BpEMCUEM, bbasit 


4GHe KO.neGatesIp Horo Wpoweced B pee ELTtEe CHeTeMbE H CKODPOCTb 
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3aTyXaHHA 3THX KOMeOAHHH onpenenntiotca CTPyKTYpo  cu- 
CTeMHI. 

Peakuun clensimeit cuctemp na BXOAHbIE€ CHIH2.1bF 1006- 
HBL PCaKWHAM SJIEKTPHYECKHX (MeXaHHyecKHKX, AKYCTHYECKHX) 
PUALTPOB C TOIO JHIb PasHuUeH, UTO CeAAWad CHcTeMa O6- 
TalaeT BHYTPCHHHM HCTOWHHKOM 3HeprHuH, NOTOMY, B IIPiHH- 
UHITC, MOKET PaCXOMOBaTb 9TY SHEpruIO Ha NOWlep Kanne Ca- 
MOCTOATCIBHBIX KOeOaHH. Bompoc o Bo3sMoxKHocTH BO3HHK- 
HOBCHHA CAMOCTOATEJIDHDIX KOWIeb6aHHil way BoNpoe ycTof- 
THBOCTH CHCTCMBI, He BO3HHKaBLUN aA naccHBHnx 
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Puc. 6.7. [pumepur PeakuHA TeXHHYeCKHX CHCTeM c 
OOparHoil CBA3bIO Ha efHHHbIit HllyJbc (¢f —- Bpema 
B CeKYHMax), 


HALTPOB, CTaHOBUTCA OAHHM H3 PMIABHBIX BORPOCOB Mpa usy- 
WCHHH AKTHBHBIX CJ@AAULUX CHCTeM. 

MoxkHo HempepprBHBIM H3aMeHenney TapaMerpoB CHeTeMnbl 
HSMCHSITb PeCaKIHIO CHCTe@MLI OT M@ILICHHOL anepHorHyecKon 
AO KG.1COaTe.ibHOH, KOTOpan B mpetete MOKeT NpHBecTH 
K HCYCTOUWHBOCTH CHCTEMBI. 

Jlaia oupeteienua creneun YCTOHYMBOCTH CHCTeEMbI paspa- 
OoTanbl, NO Kpaiiueit Mepe mets LoctAtToUNo NPOCTHIX CALYdaes, 
TOUHBIG KPHTepHE. 

ABIeHHA, IPHBOIUIULHe K HOVCTONYHBOCTH ff BOSHHKHOBe- 
HMIO KOTeOauH OT BHeUTHerO TOTKa, 3 NIPOctehulem OmHca- 
HHM MOLYT OLIT H3JtOMKCUDI CAeJLYIOULIM OOPu3som, 

Cura, IptoxKenupit Ha BNO CHCTEMBI, NPOXOANT jfeTalo 
O6PaATHOT CBSI3H 3a HEKOTOPHIA OTPe30K RpemMeHit (c HOKOTOP OH 
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3aslepxKKolt) H C HeKOTOPbIM HCKaKeHHeM dbopMbl. Ec am- 
NHTYLa CHTHada OOPaTHOH CBI3H He Ma.ta, TO BXOJHOH CHrHaJ 
YCH.IMTEIT MOKCT HSMCHNTb 3a CHCT chrHada o6paTHoH cBxA3H 
CBOIO BeJTHYHHY H 3ilak. Curya.t OOpaTHOl CBASH, HPHTOKCH- 
Hbii KO BXOMY CHCTCMLI, CHOBa YCIREiBAacTCH H 3alepmRUBACT- 
Ca H CHOBa NocTyNaeT Ha BXOA CHCTCMBI C O6paTHLIM 3HaKOM. 
Ha pxoje yCuaHTQIA CHrHad BO3pacTacT MO AOCOMHOTHON Be- 
AHUHHeE H TepHOAHYeCKH MeHAeT 3Hdk. CucreMa «packaun- 
BacTcs>, T. @. BOBIUKAOT KOTebaunst C HApacTaowleh GMI 
TYLON, 

Ecc Bp enw o6paTuolt cBsisn BBICOKONACTOTUDIC KOMIO- 
HCHTpL CHPHaTa HMcIOT KOO PHUHCHT YCHACHHA Hom BiIe: "eA 
HMIbE A CABur (paspr Sotpue 90", TO OOpaTadad CBAZb H3 OT- 
pHIlareabuol Npeppanwacies B NOAOMUTCIDHY!O, TaK Kak Ha 
BXO1e CUCTCMbI MPOHCXOAHT BbIGHTAHHe MpoTHBOA3HBIX KOM- 
NOHCHT, T. €, CcIORKCHHE CHHPABHBIX, TO H TAeT NOCTeENCHHOC 
napacTanHe AMIMIATY-LbI. 

PaccMoTpuM Ha MpuMepe aRTOMATINCCKOPO YEPaBJICHUA ps- 
eM CYy/la, UTO MPOUCKOANT B HNepIHOMHDIX CHCTeMAX, T. ©. 
cicTeMaXx,  O67alalouNx OoALutoll  sasepyKKOH — peakiMill. 
C.rynalihoe OTKJOHeHMe OT KypCa BbIsbIBACT PeCaUnto cucre- 
MbI H MOBOpOT pyta. Oro BezeT K MecTcneHHomy MOBOpPOTy 
cyiHa 10 HanpaBleHisl Satanncro KYPCA, BXOANOH CHITA 
wycuczaeT, OHAKO BCAeTeTBHe HEP CUCTCMbI CHYrHa. Ha 
BHIXOe, T. €. TOBOPOT Py.7s, elie WesOTOPOe BPeMA COXpAar 
usercs, CYANO NpOSOVKAeT MOBOPATHBATL HW OTKAONATECH OF 
KypCa B NPOTHBONOJOMKHYIO CTOPOHY. Ono ycneeT OTK-AOHHTb- 
ca Tem Gotbue, YCM MOAbUIC He cpabotacr (3ano3TacT) CHC- 
TOMA YIPABICHHS. GaTeM OTKMONEHHE BLIGOBCT PCEKILHTO, PVIb 
Gyner nepedoACH B NpOTRBOMOAOATOM HaNPAaBICHH WH BCC 
NOBTOPHTCs! B TOM 2Ke HOpsAKe, HO BUPOT HBOMOIOZKHY!O CTO- 
pony. CyiHo O6yser «pbicKaTb> Ha Ky)ce H MoxKeT COBCEM 
noTcepsTb ynpapacuic. Jfecto MosKHO HCHpaBilp Nas. THYNbIMA 
cnoco6aMH, WANpuMep BREA perysnperane ¢ YCTOM Hpo- 
H3BONOL BXO;WIOrO CUIMada, T. @. Tab, UTOOLT HOBOPOT PY-1A 
RDBNBAIeH UC TOKO BOTNINHOM OTRKONCHIDT OF Kypca, BO 
H CKOPOCTHIO H3BMCICHUA TOTO OTKAOUCIH A, a i TARHOG, SABM- 
cen Gb OT 3iaka atToli cxopoctu. Torda Hnapactanne = yrela 
OUINOKH BbIsOBeT G6o.Tee CHAIDNEN mopopor py.1a, a YMCliib- 
IleHHe C@—- YMCHUBIEHT ToBOpoT Py Ad Wea Law 3aCTaBIT 
PyIb CACTKA HEPCHTH 3a HY TeROC NOsOWKCMHC, UTOObI IIPHTOP- 
MO3HTb BpalileHHe cy tia NO HNC pPrLeAlt. Brorsd 910 H3MCHEHHE, 
Mb MCHHeM WacToTHyIO XapaKiepieTuay CHeTeMBI TAK, yTOObI 
(pasa cHuruada OOparaoll CHAS WTA BCeX YCHAHBACMBIX WaCcTOT 
ObecneqHBada OTPHWAaTGIbuyio OOparnyio CBASb, 
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CucteMbl C Modokuretbuoli OOpaTHOH CBa3bIO MOryT H¢- 
UOMBSOBATHCA H HCMOb3yIOTCA KaK TeHcpaTOpbl HesaTyxaio- 
WIHX KOJIeOaHHH, ITH cHcTeMbI G6Oee CHOKHBL B ONHCaHHH, 
HEM CHCTEMbI C OTPHIaTe.IbHOH OOpaTHOHK CBA3bIO, TaK Kak OHH 
HCJIMHCHHBbI. TlomtoxuTenbHad O6paTHaa cBaI3b B MMHeiHot 
CHCTEME BbISHIBACT HeOrpanHyeHHOe HapacTaHhe aMMNMMTYAbI 
KOeOaHHH, @ TaK Kak BCAKAA peadbHand cuctemMa simuelita 
‘NIU B HEKOTOPBIX Npekedax, TO 3TH MPeAeNbI H Baar yau- 
OOubUIyIO, NpeAebHYy!O aMMJUTY Ly HapacTarwulux Kowe6anuit. 
Matematuueckuil dilapaT JIMHeHHBIX CHCTeM cmoco6beH JYHID 
yKa3aTb Ha HaTHUHe NOJOKUTeCABHOR OOpatHolt cBa3H Hu sa 
BO3MOMKHOCTH BOSUHKHOBeHHA Kose6annh. Jlng ONMCaHHA Tto- 
Apoouocreli pasBuTua Ho ycranoswenua Mpotlecca tTpe6yetca 
Apyrol, Oovlee CHIbIbIi MaTeMaTHueckHi anmapar. 

Texnvyeckne cleasulne cucTemp BCTPCYalOoTCA B OQIbUIOM 
pa3Ho06pa3Hu THNOB HM BONAOMeHHE. To NPpHMeHeHHO HX MOX- 
HO Pa3MeJIHTb Ha CJCTYIOIMe KIACChl: ycuauTenu MOULHOCTH, 
CHCTCMBI = QMCTANUHOHHOTO  ynpaBseHus, NpeoOpasospareun, 
HSMEPHTEJIbHBI€ YCTPOHCTBa, CueTHO-pelatoulMe ycrpoiictBa. 
Ilo xapakrepy (usuyeckux mpoueccos, KOTOPbi€ HCIOJIB3YIOTCA 
B CHPHd-IbHOH WH B CHJIOBOH YaCTHAX CHCTEMBI, OHH Mestatca Ha 
IICKTPOMAIUHHHbIe (CeEPBOCHCTeMbI) NOCTOMHHOrO H le pe Me@H- 
HOrO TOKa, 3JI€KTPOHHbIe (BakyyMHble y THPAaTPOHHble), Me- 
XAHNNCCKHe, THAPaB/iueckve, MHeBMaTHYeCKHe Hu T. 9. [lo 
CTPYKTYPe CHCTCM HX MOKHO pa3feJIHTb Ha CHCTeMbI Helipe- 
PbIBHOrO, MpepbIBHCTOrO (HMMNYy.IbcHOrO) H pevlelinoro sjelicTBua. 
B cuctemax Hempepbipnoro pelicTBHaA BbIXOHOL adpektT mpo- 
NOPUNOHANeH KOWHOKe», BbIeeHHOH BO BXOAHOM ycTpoiicrse, 
€¢ NPOH3BOANBIM H HATerpadaM. B cucTeMax HMIyvipciioro Jell- 
CTBHA BbIXOJHOH spPekT mocrosHen B TeyeHHe HeKOTOporo Te- 
Pplofa BpeMeCHH, H erO HSMe€HeHHe MPOHCXOMUT TOJIbBKO B MOMCHT 
KOPOTKOrO HMIlyJIbCa peryaupoBanns. B petelinpix cuctemax 
BbIXOMUOH sPekT WOcTUraeT MAKCHMAJIbHOrO 3HAYeHNSA BCAKHT 
pa3, KaK «OMHOKAa», BbIe1eHHaA BO BXOMHOM ycTpolictBe, mpe- 
BbUMaeT HEKOTOPyIO MHHHMAaJIbNYy!O, Moporopyro BeaHyHHy. Bee 
NepevicCJeHHble THIMbI CJIeAAHUWIMX CHCTCEM LWIHPOKO MpHMCcHAIOTCA 
Ha lIpakTuke. 


OOpaTHas cBa3b B X2KUBbIX OpraHH3Max 


CylllecTBOBaHHe CHCTeM perymipopaHHa ¢ O6paTHoli cBa3bi0 
AaTeKO He OrpanuynBaetcH TexuuKOH. Topa3zo 6o.1ee wWMpoKo, 
4€M B TEXHHKe, TaKHe CHCTeEMbI NpeAcTaBeHH! B OuOOrHH, 
B XKHBbIX OPraHH3Max. 
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slo6ot, jake camp npocroh xKuBOM OpraHH3mM (KHBAs 
KebKa), Ipeleraperrd coOoll wero eqMHOe H WedlbHoe, BCCr Aa 
ZAK CHaeT B CCOC PASTHOHbIe COCTaBIbIe YaCTH, OTH AOlulne- 
CH CTPYKTVDHO HW YAKUHONATDNO. OTH COCTAaBHble YACTH B3a- 
HMOJeHeTBYlOT pyr c ApyroM H C BueUIHeH CpeAOl COAKHLIM 
OOpa3oM, B pesyibTare “ero HEKOTOPble KH3HCHHO BaRHble 
ILI CPPaNHsMa BeTHYHHb! MOALCPARHBAIOTCA CTporo NOCTOAH- 
HbIMH, UCCMOTPst Ha H3MCHeHHA, MNpOHCXoAMuIMe BO BHeIMHeH 
epeze. Tiponecc GrosorMueckOl NpHCHocoO.1neMOCTH OpraHis- 
MOB K H3MCHCHH#M BHeLDINeH Cpetbl BecbMa MHOrooOpas3eil 
u ccroacen. Mbt CVMeCM YIOMAHYTb JHWb HEKOTOPbIe MPOWeccHl, 
VUNCTBYIOLLHE B 9TOM B3AHMOACHCTBHH. 

Ilepexo;ta OT TeEXHH4YeCKHX YCTPOHCTB K XKUBbIM OPlaHHs- 
MGM, HCcIb34 HE OTMeTHTb Weoro pada OCOobeHHOCTeH Npes- 
MCTa H3YUCHHSA, KOTOPbIe JOKHbI HaJIOMHTb OTHeNATOK Ha 
HOsLNOL K BONpPOCY H Wa MCTOMM HCC1eOBaHHA. 

Tlad.10,1aq NOBEACHHC, PeaKILHH AUBbIX OPFallM43MOB, B OCO- 
OCHHOCTH RbICIUHX IKHBOTHDIX, Tia BHeWWHYe Pa3spaKeHla H 
CPaBHUBAN 9TH PCaKILHH C paOOTOH MalUMH, Marke CaMBIX COK- 
NbIX, Mbl HeBOJbHO OTMe4aeM OFpOMHYIO pa3HHUy, 3aMeTHY!O 
yekC DH CaMOM THOBCpXHOCTHOM HaO.lOQeHUM. Pa3HHlla 97a 
HACTOADKO BCIHKa, YTO YaCTO MBI BOBCe He peltaCMcA MpoBo- 
AWTb WHKAaKHX auaclorHit WAM Ke, CC.1H H MeMaemM 9TO, TO COM- 
POBOAK ACM MHOPOUNCICHHBIMH OFOBOPKaMH H «NGBAHCHIAMI. 

Peaks MpocToH MaUIHHb Ha 11060 BHCLUHEE BOS .ICHCTBHE 
Bcerza ONogHauia, SHad YCTPpOHCTBO MaUINHbI, 3Has BITCUI- 
Hee BOBICICTBHe, Mbl BCefya 3apaHee MOMKeM MpeAcKa3saTb 
ce peawimno. JLaxke ecu Malitila Cpearupyer HeEOMH LAHHO, 
TO H TOF/la MbI YBepenbl, UTO STO MPOHZOULTO H3-3a CC MOTOM- 
KIT, KoTopad, COOCTBCHHO, H OKAZa1aCh HEOWNZAHNOH WH OJHO- 
SHANHO GUDCUCIHa HCOMMAANHYIO Peak, 

Mtoe aea0-— wKuBbIE cyulecTBa. C HAMH HHKOPa He.Ib3A, 
Kagalocb Gb, Ollfb YBePeHUbIM, KAaK HMeCHHO OHH NOCTYNAT 
B cienyioull MomenT. J/lio60e HeyyTeuHoe BO3SHeHCTBHE CO 
CTOPOHDI MCHACT HX PeAKWHIO, HX MOBETeHHe. Utro6b MOOUTHCA 
noeroatieTBa yC.1oBHit 9kcnepHMeHTa, OHOTOrH OTTOPaKHBalot 
NuGopatCphun SBYKOVEMPOHHTACMBIMM — CTCHKAMH, BO3BOASIT 
eH MoAuaHiis>, HO awe cTeHbl He OTpaxlaloT oT Cy: 
uATOrO BOCIOMHHAHHS!, YOBNTb BIMAHHE KOTOpOTO Na NOBEAe- 
ue HpARTAYeCCKH HeBo3MO7KHO. Hl YeM BbILIe CTOHT 2KHBOTHOe 
Wa s1eCTHHUe PaSsBUTHS, TEM COAHee H mHorooOpasHee, He- 
OU 'LaHNee H, Kagalocb Obl, <6ecrnipHynHtee> c BUY ero pcak- 
wns. Jlaxke Ba O67H3HCILa, BhIPOCWIHX BMCCTE, NO pasHomy 
OrBeTUT Ha ONMHAKOBbIC COOBITHA, 
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Kak K€ MOKHO H MOKHO WM NOAXOAHTD c OAHOh MepKoh 
K JKHBOTHBIM H MaulHHaM? He npiraemca aM MBI CPaBHHBaTb 
HECPaBHNMOC H HE SBINCTCA JIM MHP KMBBIX CYIMeCTB KayecT- 
BEHHO HOBDIM H HeCPaBHHMbIM C MHPOM HeXKMBBIM? 

HecoMHeHHO, KBE CyUecTBa COCTaBASIOT OcOObIH MUD. 
HlecoMHeHIO, 4TO HX CcyulecTBOBaHHe Ka¥eCTBEHHO OTJHYHO 
OT HC7KHBOH TpHponp. Ko Tem He MeHee 9TH KauccTReHHbte 
OMIHYHA HE MOry? 3aCOHHTb HeECOMHEHHBIX yepT cxog_cTBa 
MEY PaOoTOH MaUIHHbl H NOBELEHHEM XKHBBIX CYLUeCTB, 

Ecuid MBI GY€M IOMHHTb oO pa3zaHuHax dusnyeckol mpu- 
POAbI NPOWeccOB H eCJIH Mbl BCergqa OyAeM HMeTb B BUHAY, 4TO 
MBI POBOPHM O CXOACTBe OOlUerO XapakTepa, Kacafoulemca liepe- 
AaqH HRDOPMaLB C NOMODIbIO CHrHaJOB B ipejlesax opranH3o- 
BalHOH CHCTeMbI, TO MbI, BO-I@PBbIX, H36exKHM rpyOok ouu6- 
KH, SAKJIOUAIOULCHCA B JIOMKHOM YTBEPKACHHH, UTO <KHBOTHOR 
NOMOOHO TeXHHYeCKOMY aBTOMATY», 4H, BO-BTOPbIX, CYMeeM 
BHCCTH MHOrO HOBOTO B Halle NOHHMAaHHe MIpoweccos KH3HH. 

He Bee pCakWH oXHBbIX OpraHHMOB «HeOKWLaHEY WI 
SHPOHSbOUbUbIo  armke c MepBoro B3raiada. T]lpon3so.pHpix 
8 CTPOVOM CMBICTE COBa, T. €. OCCNPHYHHHBIX peaNxuHit, BoO6- 
le He CyllecTByeT, CCTb TOJIbKO OYeHb CJIOKHbIe peakIHH, 
SDISBIBACMbIC HC3AMCTHBIMH H HEH3BECTHBIMH HaM MpHyHHaMH, 
B YaACTHOCTH MpOULTOH WCTOpHeH CyLeCTBOBaHHa %KuBoro op- 
MalH3Ma, T. C. PCAKUHH, HMeIOULMe WIA Hac XapaktTep cayyail- 
HOCTH. Ho MHOrHe XKH3HEHHDIC NPOABACHHA MMeIOT BHOsIHeE 
YCTOHYHBbIUl, 34KOHOMepHbili XapakTep, HalOMHHalollHh crpo- 
PO 3aKOHOMePHbIe PeaKUHH MAIUMH-aBTOMATOB H TOMYYMBLUINe 
34 STO Ha3sBalild KABTOMATH3MOB», Bor 06 3THX ABTOMATH3MaX 
MbI, B MCpBylO O4CPCAb, H NOBeAeM pa3roBop. 

ALI] HOPMA.IbHOTO CYIMeCTBOBaHHaA XxXHBOTO OpraHH3Ma_ He- 
OOXONHMO cTporoe MOALepxKaHNe MocTOANCTBA HEKOTOPHIX (pH- 
SHKO-XHMHYCCKHX BeHYHH, PeryMpoBaHHe STHX BeMYHH Mpo- 
HSBONMTCA ABTOMATHYeCKH H MpoTeKaeT NOMHMO OIMLyULeHHH, 
COSHaNHA H BO. “YesoBek OObIYHO He MOXKET MpAMbIM Bo.1¢- 
BBIM aKTOM MOBBICHTb HAM MOKH3HTb TeMMepaTypy cBoero 
TCd, KPOBAHOE JLaBJeHHe, COMepKanve CaXapa B KPOBH HT. J. 
Co3Hanle M BOJIA MOFYT OK@3bIBaTb BAMAHMe Ha 3TH BeTHUU- 
HbI, HO He Tak HeMOCpeACTBeHHO, KaK, CKaKeM, Ha pa6otv 
CKEICTHBIX MbILLEIL. 

CyhkKUMH OpraHH3Ma, He MOAYHHEHHBIC HenocpexcTBeEHKO 
ICHTPadIbHOH UepBHO cHcTemMe wu OOecncuHBalOlMe NocTOAH- 
CTBO BHYTPpCHHeH Cpebl OPraHu3Ma, TaK Ha3bIBaeMble Bere- 
TATHBHbI€ (PYHKIUMH, MPOTeKaloT NO YipaBeHHemM C.1Ox%KHOrO 
MCXaHH3M@a ABTOHOMHOM (BHCLePaJIbHOH, HIN BereTaTHBHOH) 
HEPBHOH CHCTeEMBI. 
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MnrepecHbim H OveHb Ba7KHBIM CBOHCTBOM 9TNX Mpolec 
COB ABAACTCA HX TOCTOAHCTBO UH 3aKoHoMepHoct. Jia Haysioro 
HOPMaJibHOro HIAHBUAyyMa OOo H3 BereTaTHBHbIX Npouec- 
COB IPH MOBTOPHbIX 9KCNepHMCHTAaX OymeT faBaTh OANy H TY 
KC 3ABHCHMOCTb OT BpeMeHH. Te Ke SKCHepHMCHTD! fis JIpy- 
roro HHAHBHLYyMa WadyT Apyrylo, HO TORE MOCTOAHHY!0 3aBH- 
CUMOCTb. OTKAOHCHHE 3aBHCHMOCTH OT OODINHOH jIn AauvHoro 
HILIHBHAYYMa Bcerga CBHMeTeAbCTBYCT 06 OTK-IOHeHHSX 
(DYUKIHH OT HOPMbI H MOKET 6bITh UCHONbZOBANO ILI AMal- 
NOCTHKH 3a60aenanna. HmMeHHo MosTOMy BpawH warTo GosIbiue 
PHHMA@HHSA YyleJIslOT H3YYeHHIO OObeKTHBHDIX JadopaTOpibix 
aHaH30B, 4eM KaJloO NalveHTa. 

AproMaTHyecKkHe peaKIiHH Mo MoAsepKalnio MOCTOMUCTBA 
BiyTpeHiell cpeAbl opraniiaMa--romeocTastl ¢ —- ocy- 
ILECTBUISIOTCA B CBA3H C 9IHEPreTHYCCKHMH MpoueccaMi ycBoe- 
HHS. HHTATCIBHBIX BCIUECTB H HX HCMO/b30BaHHA B OPraHH3Me. 
Tlonysene MuTATeAbHBIX BeILECTB, BOAbI, KACTOPONa, XHMHUC- 
CKO PACHACILICHHE I CUHTe3 HOBBIX BCHICCTB, JOCTABK A HY 2K IbIX 
NPOAYKTOB K BHYTpCHHHM OpralaM, UCHONb30BaHHE 3allacoB 
QHeDrHH WH (PUZHUCCKOH SNTPONHH, SaKJIONCHHDIX B 3THX T1po- 
WykTaX W WOAyYaeMbIxX OPraHHsMOM H3BHe JWI HYK OPraHis- 
Ma, VilacieHie MpomyKTOB pactlaa — BOT OCHOBHbIC SUCPreTi- 
yecklie Npouecchl, WpoTekaroulwe B PasTHTHDIs opravax lH TKa- 
AX. 

Ree sTH Mpouecchl MpoTeKaloT OAHOBPEMCHHO B pa3sJHUHDIX 
Opranax H AOSKHBI ObITb TOUHO cormacoBalbl Apyr c ApPyroM 
BO BPe€MCHH H MpocTpancrTBe. B mo06ylo MHHYyTy BKJMOUCHHE 
p.paboty To Hn MHOL TpyNMbl MBI WH APyrHx <MoTpeou- 
Teleli> SHCpreTHUeCKOH CHCTCMBI AOJKHO ObITb VLOBCTBOPeHO 
COOTBCTCTBYIOINHM <OOCHYKABAHNEM> BO BCCA OTHOLUCHHSIX, 
Sra BHYTPCHHAN «<HHTerpallnd (yHKINIi»y pasINYbix opraloes 
HO MOXKCT HMCTh Mecta 6e3 oOmella VNopMalHehH Mealy CO- 
TDYAHMYAIOULIMH OpranaMy, 6e3 KaHialoB CBA3H H aBTOMAaTOB 
pery.1H pOBaHH”. MoxmHO TIpeAMOJIOKHTb, YTO CCTM Obl Bce 
ROTeCTATHBHDIG PeryANPOBKH YesloBedecKOTO Te.Ta 3ABHCeJI OT 
BHUMAaIIVA YeTOBeKA, TO YETOBEKY HC TOABKO uckora ObL1O Obl 
HoLyMaTb HH O YeM {pyroM, KPOMe 9THX BHYTPCHHHX pery-IH- 
pOBOK, HO, MOMpOcTy, He XBATHO Obl BHUMaHHA HM BpeMeHH O60 
BceX O IHX MOMYMATb 'BO-BpeM4A. 

Virak, kKpome B3aUMOReHCTBUH QHEpreTHYCCKHX, CBA3aH- 
HpIx co cHaOzKeHHeM TKaHer MUTATCJIbHBIMH BellecTBaMH H 
KHCOpOsOM, HeoOxoAHMa CurHadbiad CBA3b Me@K Ay oprala- 
MU H B3aHMHOC COrdacoBaHHe HX padoth. Takas CBASb, Kak 
Mbl yoKe 3HaeM, ocyllecTB.TAeTCH, B MepBylO ouepesib, Mo Heps- 
HbIM BOsIOKHaM BereTaTHBHOH HEpBHOH CHCTCMBI. Kpome Tor, 
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HHPOPMauHA O XUMHYeCKHX PeaKUHAX TMepeHocutca xumuye- 
“KHMH XK BeWeCTBaMH — ropMoHaMhH, KOTOPble pa3Hocate To- 
KOM KPOBH H OK43bIBaIOT BO3RelicrBue Ha COOTBETCTBYIOUINe Op- 
Panbl, Rake B HHYTOKHO Maso KOHUCHTpauMy. O6a Tuna 
KaHaJlOB CBASH, HeEPBHBIH HW XMMHYeCKHII, TecHo B3aHMOeHicT- 
BY!OT: HOA MeHCTBHEM HePBHBIXx Pa3lpaxKeHHH BOSHHKAaIOT XH- 
MHYeCCKHE BeILeCTBA (HeHpo-rymoppi), BO3QeHCTBHE ropMo- 
HOB Ha HEPBHBbI€ Y3JIbI BbIZbIBAeCT nmepelayy pa3sapaxkeyunit no 
HepBaM. YnopaBrenne WyHkuuama c NOMOUbIO STHX JBYX 
THNOB CBA3H Ha3biBaeTca HeHPO-ryMOpaJbHolt perysiainen. 

Pa6ota MbilIeCQHBIX BOJIOKOH CONPOBOKaeTCA YCHAeHITbIM 
NOTPeOJeHHeM KUCOpOTa HU BbIeTeHHeM yrleKHCIoro nasa, 
CuaOakenne KeTOK Npoucxogur ywepes NOcpecTBO KpoBu. 
Ecru Obl pa pa6ore MBIWMBI TOK KPOBH He ycHJHBaJca, 
MDBULIa He MOra Obl HOO ycuJleHHo paboratn, OnHako -TO 
BOSMOAKHO, TAK Kak IPH BKJNOYeHHH B PaOoTy MBILWIUBbI oO 1HO- 
BPEMCHHO YBeJIHGHBaeTCA MPHTOK KPOBH K paOoralouleii MpbILU- 
We. Kak 376 npoucxonut? Buersempt TIpH paOote Mbllteu- 
HOH KJI€TKH B KPOBb yraeKHCAIBIit a3 ABJIACTCA MepeHOCUnKOM 
HHPOpMauHH O paGoTe MBIT. Tloppuuenue KOHUeCHTpalHn 
CO2g B KpoBM cyxKUT CHTHAJIOM, Ha KOTOPBI cocyazbl mpHie- 
mKallwe K paOoTaiomel Mubtrutte, pearupyiwor paciuiMpennem. 
B pe3yabtate, TOK KPOBH YCHJIMBaeTcad MH O6OMeH BeLLECTB 
oOecneyMBaeT Bospoculyio noTpeouoctb. Mecruniit peryaupyto- 
INHH M€X@HH3M IipeactaBanet co6boii aBTOMaT ¢ OO6parTHoli 
CBASbIO, NPHYCM BHeWHHM CHPHaJIOM sBAReTCA HHHepBallna 
MPUUUbI, a €PO YCHOJIHeHHeM — yBerHMueHne MPHTOKa kpo- 
BH. Ilepemaya curuana mnpoucxorur c MOMOULbIO (pH3HKO- 
XHMHY€CKOrO  —pouecca  Hu3MeHeHHa comepKaHHA COs 
B KPOBH. 

Ecan B padory BKaAtOYValoTcY 6ouIbuIHe TPyNNbl MBI, pery- 
JMPOBKa TaKoro THMa OKaxKetTca H€AOcTaTOUHOH B MaciuTabe 
BCCPO OpraHH3Ma, BCeACTBHe NOHHKenNS KPOBAHOrO jaBuie- 
Hust. JLoDKeH 6bITD yBeanueH AOCTYN KHCNOPONa U3BHeE, Tf. e. 
YCHTCUBI AbIX2HHe H KpoBooOpaulenue. Dro Ae€HCTBHTCIbHO 
TPOHCXONHT NOM WelcTBHeM PeryIHPyIOUH4X MeEXaHH3MOB 6o0Nee 
Kpynhoro Macwita6a. Yeennyuenpe KOHHeHTPpaunH CO, B KpoBH 
BOSCHCTBYET, BO-II€PpBBIX, Ha XEMOPELLENTOPHI, T. @ .WyBCTBH- 
TCJIbHbIe K H3MeCH€HHAM XHMU3MAa HEpBHble OKOHYAHNA Bere- 
TaTHBHOH HepBHOH CHCTeMHI, PaCHOJOXKeHHbIe B aopTe yn COH- 
HbIX apTePUAX («KaPOTHAHBIe CHHYCbI>), H, BO-BTODBIX, Ha 
TPYNMy HEPBHBIX KJI€TOK, PacntoOsJOxKeHHbx B MPpOMOJTOBaTOM 
Mosre. IlepBoe Bo3geficrBue Begert ywepe3 HeEPBHble pa3lpaxe- 
HH, MepeqaBaemble cepfy, kK YUalleHHO ero coKpalteuuii 
 YCHACHHIO TOKAa KPOBH, BTOpoe — K ycuneunio AbixaHua (H 
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HOSB/eCHHIO CYODEKTHBHOVO OULYUICHHA «yityuiba»). Mo 3amecb, 
yrke B OO.IbIUHX MACLITIOAX, BOSHAKINAN BCACACTBHE BKJIIO- 
UCHH B paOOTy MBILUI, MOTPeOvOcTh B KHCOPOAe BbISbIBACT 
nepemayy CHTHaoB Mo 3AMKHYTOM Tete OOpaTHOH CBA3H, 
UTO NPHBOAMT K BOCCTAHOBEHHIO PaBHOBCCHA MeAKIY noTpeo- 
HOCTBIO H eC YAOBTCTBOPCHHeM. 

ConepKakHe caxapa (raloKo3bl) B KpOBH pery.THpyerca 
MHOTHMH MeXaHH3MaMH. Caxap oOpaTHMo yCBaHBdeTcA Ie 
yeliblO, Pe OH MpeBpallaeTcA B PAIMKOFCH, CaxXap YCBaHBAeTcA 
TKAHAMH HT. 2. B3anmMogelicTBue BCeX AIpOWeccoB 9TOTO pOHa 
OpralHsyeTcaA C MOMOLMLbIO AaBTOMATHYECKHX PeryTHPOBOK THIMa 
peryATOPOB C OOPaTHOH CBA3HIO. Tak, yBesuueHHe colepKa- 
HHS CaxXapa B KPOBH (THTCpranKeMHA) BOSAeHCTByeT Ha THIIO- 
ralamuyeckylo o6.1aCTb MO3ra H Mallee B BHAe NepBHoro 
BOSOYKICHHH Tepcaerca NOAKEYLOUHOH wevwe3e, rye Now 
elicTBHCM H€PBHbIX CHTHaJOB B OCTPOBKOBOH TKANH BbLTC- 
isercd B KPOBb TOPMOH—HHCYAHH, YTO MPHBOAHT K YBeJIN- 
UCHHIO YCBOCHHA Caxapa TKaHSMH Tea, YACTHYHOMY mpeppa- 
WieHHiIo caxapa B MMIHKOTeH H, B pesyvIbTaTe, K ycCTpaHeHulo 
H30bITKa caxapa. YpeqHueHHe KOHIUCHTpaliH — PiHOKO35) 
BosiciicTByeT H HEMOCpeACTBeHHO Ha MOAKEC.TYAONNYIO *KewIe- 
3y, CTHMYJIHpys C@KpeHlHlo HICyANHa, HO B MeHbIWeH CTeNeHH. 
DunorauKeMHsA, T. @. WOUN2KCHHC KOHUCHTPallin FOKOSbI, BbI- 
3bIBpaeT peakUuHiO ApyroH FpyNnMbl HepBHDPIX Y3-1OB, TaKKe 
B THMOoTataMHueckOH O6.1aCcTH MO3ra, HCpBHOe BO3OYK ieilHe 
fepexaeTca MeucHH H HaAMOYeNHHKaM., HannoyvedHHkKH BbI7e- 
AAIOT TOPMOH — aipcuaHy, KOTOPHIT BOSelCTBYeT Ha Meueub 
BMeCTe C HCMOCPEACTBCHHDIM HCPBNBIM BOSOYAACHHEM H BbI- 
gpiBaeT ycuienloe paculendenHe rimtkKoreda (rTHKOFeHOJIHS ) 
H TIpeBpailenne ero B PIOKO3Y, KOTOPAR BbIBOJHTCA B KPOBb, 
BOCHOMHAR NeLOCTAaTOK, 

Moxno NepcdHectHTb OveHb MOTO TIPHMePOB MO O6HbIX 
ABTOMATHYCCKHX peryHposok. ComepaKanne B OpraHH3Me 
BON, KUCAOPONAa, CGAeiL MeTaTOB, TeMNepatypa Tela, aB- 
jeHne KpoBa HT. J.— Bce 3TH BCMNMAbI N01 pKHBAIOTCA 
NOCTOSIIIULIMH C MOMOMLbIO Alla-TOFHYHBIX ABTOMATHYCCKUX Me- 
XAHH3BMOB, HCNO.Tb3SYIOUMMX Wepe lady HIdopMauluH mocpeAcT 
BOM XHMHUCCKHX pa3siparkHTescH WM HCpBIBIX BO30yK-LEHHH. 
a TAKIKE PCTYAHPOBKH SAMKHYTOTO HWUKATd, Bo spcex 3THX Mpo 
eccaX MII siCHO BUAHM XapakTepHbic YepThl yiipaBseHHs 
¢ MOMOMIbIO CHTHatoB, KorZa avepreTHyecKHe MPOUeccnl opra 
HH3M2 BBIBbDIBAIOTCH OUCH C.TaODIMM HePBUBIMH HTH XHMHYC 
CKUMH BO3JICHCTBHSIMH, ABARIONLIMUCA TOKO TICPBEIM TOY 
KOM K pa3BATHIO Mpowecca, INCPriia KoTOporo BO MHOTO Pa 
MpeBblidaeT 9HEPrHO YIPAaBIAOILE’O curHalla, 
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6 KaxKNOM H3 3TH Mpoleccop MoxkHo NpOCeAUTth BG3- 
HHKHOBeHHe CHTHAaJIa PeryJIMpoBaHHa, ero nepeqayuy, ycuuie- 
HHe, IpeBpalleHHe ero Bp 3HepreTHyecKoe (MeXaHuyeckoe, xu- 
MHUCCKOe) eHCTBHe, KOTOPOe CHOBa BBI3bIBAeT TOABJIEHHE 
ye HOBOTO CHrHasia peryupoBanna. Moxno BBI3bIBaTD uC- 
KYCCTBEHHO (B SKCII€PHMeHTe) NoBpexkAeHHe Mexanu3ma pery- 
IMPOBAHHA H HaOJOLaTb OTKMOHEHHE OT HOPMBI B ero padore. 
HMenHo TaKHMH MeTo,aMu (SKCTPHNalva wees, NepepesaHue 
HEPBHBIX CBA3CH, HHbeKUMH TOPpMOHOB) H U3y4aloTCA Mexa- 
HH3MBI PeryJHPOBaHHA B AKUBbIX OPraHH3max. 

B akKCNepHMeHTe BBIABJIAIOTCA TaKxKe XapaKTepHble yepThi 
CXOACTBA PaDOTbI TEXHHUCCKUX H GOHOMGrHYeCKHX CHCTeM pe- 
ryHPOBaHHA. Tak, mpw ucKyccTBesHoM HapylleHHH cocToa- 
HHA MOKOA KaKOl-JIH6O CHCTeMBI PeryINPOBaHHA, HalmpHmep 
UPH YB@IHYCHHM COXepKanynA caxapa nytem HHbECKUHH TVil0- 
KOSbI HJM MPpH€Ma BHYTPb HeKOTOPOrO KONMUeCTBA caxapa, 
MOKHO HaGJilOaTb OTBETHYIO peakIHIO cCHCTeMp pery.1u po- 
BaHH, CHUMAA 3aBHCHMOCTb OT BpeMcHH peryJIMpyemMol BeIH- 
UHHbI (KOHILCHTpaunA caxapa B KPOBH — «CaXapHasd KPHBaa>). 
XO KpHBOH HanomuHaer PeaKUHIO TEXHHYeECKOH CHCTeMbI pe- 
TYTHPOBAHHA Ha CMHHUHBIN HMMyspc. [Ipotexanne peakunu 
MOXKET ObITb KaK anePpHOAHYeCKHM, TaK U ne pHOAHYUCCKHM 
C 3aTYXaIOULHMH KOIe6aHHAMH. 

ABTomatuyeckne PeryIHPOBKH MOXKHO Ha6sOLaTD y pac- 
TCHHH WH HH3WIMX MKWBOTHBIX (TpomH3mbl). IIpimepom moxet 
CAYHKHTb UBETOK TONCOMHeUHHKa, NOBOPauMBalollulicsa K cBeTY, 
HJIH OakTepHs, NepemMeulalomasca B o61acTb 6oulee 6laronpu- 
ATHBIX YCJIOBHH cpenpt, 

CpaninBast pery.upopanne NpH NOMOULM O6paTHo cBa3y 
B MKHBHIX OPraHH3MaX HW B TeXHHYeCKHX aBTOMATAaX, MOKHO 
SaMCTHTb PA HHTePeCHBIX pa3svnyuit. Tax, HaILDHMep, B XKHBBIX 
OPPaHHSMaX XapaKTePHCTHKH OTICMbHbIX 3BeHbeR wenu pery- 
AHPOBaHHA He OOaqaloT AMHeliHbIMH CBOTiCTBaMH. Beauguna 
HCPBHOrO BO3OYKAeHHA Yaule Beero 6EIBAeT MIPOMOPUHOHAaIbHa 
He CHIE PasApamwKenua (KaK B AHHEHHBEIX Wwenax), aee Jora- 
pudmy. Tipu stom w3menenus BHEUIHHX  BO3ReHcTBUL 
5 BEChMa UWMPOKHX Mpemelax (B THICAUN HM AecATKY TbICAY 
pa3) aioT H3MeHeHNS BeHUAHB CHTHA4JIOB, CYULECTBYIOILAX 
BHYTPH OpraHH3MOB, B Oovlee y3K4x npeemax (Bcero Ha He- 
CKOJbKO CHHUI). OTH cBolictBa nenell c JIOTapHMRYeCKHMH 
AMMIMTYAUBIMH XapakTepHCTHKaMH B nocerHee BpeMA BCe 
Tanle HaXOAAT TIPHMeHeHHe UB TCXHHKe. 

B XKUBbIX OpraHH3Max PeryHDOBKH Yallle BCero ocyulect- 
BuNOTCA NO ABYM MPOTHBONOOXKHO elicTBYIONLMM, Kak Ob 
«<OOPIOUlMMCA», KaHasaM, Tak, HanmpHMep, K Ce€pAIy NOAXOLAT 
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Puc. 6.8. TIpumepir peaktit oprandueckKHX CHCTeM C o6paTHOH CBA3bIO 
Ha BHecMuee BOSOYARACHHe Tila CTUHHGHOrO HMHY.IbCcd. 

a) BOSHVANMOCTL CeTUATKH Td3a B BIBUCUMOCTH OT RBPCMeHH WoC. OAHOK paTHOrO 

pasApixxKeCHUA FICK TPHVeECKHM TOKOM (na Moroswaps), f) H3MeHerHe CKOPOCTH pocia 

prcrenla woe.7e Wepeneea ero 3 TeEMHOTbI HA CBeT {10 Baayr), 8) uamencHHe BOTO- 

pomHoro noka3ateasa (pH) Kpopn cobaKkn mocse BABINaHHA yPAeKHC.toTbhE (M0 LObBHT- 
uepy). MOoMeHT BUbIXATHHA OTMeueH YEPTOUKAaMH Ha OCH BPeMCHH. 
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ABa peryHpyOWHX HePBHBIX CTEOJa— 6NyKAaloulMii HepB 
H BCTBb CHMMaTHyecKkoro HepBa. IlepHoauyeckue ccKpauleHun 
cepduia MOryT MpOTeKaTb He€3ABHCHMO OT BO3eHCTBHA OOOHX 
9THX HepBoB. OzHaKO O6a HepBa OKa3bIBaIOT BO3TelCTBHeE Ha 
paOoty cepaua. Bos6yaxaenHe BeTBH CHMMaTHUeCKoro HepBa 
BhISbIBAeT YCKOpeHwe WH YCHJIeHHe CepaueOHeHHA, BOsOyxe- 
HHe OJlyKLalollero — 3amMeideT cepmueOuenle u jake mMpe- 
KpaulaeT ero Bosnce. Bosyelicrpus’ O60HX HepBoB Ha cepazue 
MepewqaroTcH C MOMOUbIO HeEHTPOryMOpOB — AleTHJIXOJNHA H 
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Puc. 6,9. Tpumeptr peakwuli opraunyeckux cHCTeM Cc O6paTHolt cBA~3BI0 
Ha BHeUIHee BOSOYK Mele THA €AHHHYHOrO HMIYIbCa H eHHHOHOFO 
CKadKAa. 


a) H3MCHeHHE COMep KAHUNA CaXxapa R KPOBH nocae npHema RHVTpBD 25 H 100 rpaMMon 
rqtoKo3sbi (10 Ppanuy), 6) PAlewenne asoTa ¢ MOO, nNocme pesKoro yReanueHin co- 
ACP KAHIA GeKOB B ONuULe (no Mowumypa). 


CHMMaTHHa, COOTBETCTBCHHO. PHTM pa6oTbI cepaia onpese- 
AACTCA, TAKUM OOPa30M, yDOBHeEM BO30yxAeHHA O6OHX Hep- 
BOB, CHCTBYIOWWMX B MpOTHBOMOJOKAbIX  HailpaBJeHHAx: 
YMCHLWeHHe BOSOYKIeHHA OAHOrO MelicTByeT NpHMepHo Tak 
we, KaK YCHJIeHHe BO3OyKACHHA Apyroro. 

(le ToIbKO cepAlle peryaupyetca noto6HbiM o6pa3som. Bea 
ABTOHOMHAadA HH CHMMaTH¥eCKaaA HePBHast! CHCT@Ma eHTCA 
Ha -Ba pastela: OpTOCHMNMaTHUeCKYIO H Napa- 
CHMITATHYeCKYIO CHCTCMBL KuleTKH NMepBol pacimo.a- 
ratorca TlaBHbIM O6pa30M BO/Ib NOZ3BOHOUHOrO cTOOa (BHe 
COHUNOrO MO3ra), K-TeTKH BTOpOl oOpa3yloTt y3.tpt (raHriHy) 
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B pa3IM4HbIX YUaCTKaX Tella, pacnomarasch PAAOM C BHYT- 
PpeHHHMH OpralaMA. @yuKunona MbHO KaKbIli BHYTPeHHHA 
Oprah HCMbITLIBACT MPOTHBOMO.1C%KHble BO3SMCHCTBHA OT OOeHX 
CHCTeM: eCJIH OHA TOPMO3HT ero (byHKILHH, Apyraa — Bo30j%K- 
maer ux. UysersntestbyHocTh CG6eHX CHCTeM K BO3,1eHCTBHIO 
XHMHYCCKHX BeLLeCTB COBeEPWeHHO pa3/IHdHa. 

Ilob3yACL TeXHHYeCKHMH TCPMHHAMH, MOKHO CKa3aTb, 
uTO Mbl HMeeM HeKOTOpoe nomo6ue OalaHCHOH CHCTCMbI, Kora 
NOJOMKUTeIbHbIe BOSMCHCTBHA Tepedaiwrca OTAeJIbHO OT OTPH- 
UaATeIbHBIX, MO OTTebHbIM ensimM. Takas CucTeMa pa3e1b- 
HOH MepeLadh NOATOKUTEDHBIX H OTPHLATCAbHBIX BO3JLCHCTBHH 
NO pa3HbIM KalladaM B XKHBOM OpraHi3Me HCHu30emKNAa, TaK 
KAK 110 HCPBAM MOFYT TicpetaBaThea BOZOYKACHHA THINb O-LHO- 
ro 3HaKAa, OT COCTOSHHA MOKON H WO MaKCHUMYMa., 


Pecp.leKCbI 


fe TObKO BereTaTHBHble MYHKIMH BHYTDeHHHX Opranos 
perysJHPylOTCH M€XaHH3MAMHM C O6parHoll cBa3bio, Takne “Xe 
MeXQHH3MbI B psite clyuaeB ACHCTBYIOT H B YMpaBJICHHH CKe- 
JeTHolH MyckydaTypolH. K HX YHCTyY OTHOCATCH aHTHTpaBita- 
ILMOHHBIC MCXAINI3MbI, O6ecneyHBalOulHe YCTONYHBOCTb Tela 
B MOe TAKEeCTH, PeryINPOBKH, CO3MaIONNe HaNyUlliie yCvlo- 
BHA paOoTbl peucnropos, a TaKKe MUOFie Wpyrie OesycJOBHBle 
peseKcbl. 

CkevleTHBIe MBUUMLbI, O6ecmeynBaloHINe yCTOHYHBOe TOWO- 
*KeHHe Halcro Tela B MOe TAKCCTH, HANPHMEP. MDBILILbI HOT 
H CNHHDbI, BCera HeCKOAbKO HampaAxKenbl, CocroauHe Hanps- 
*KCHHA MBIT BbISHIBACT Pa3IPaKcCHHe OCCHObIX UYBCTBHTECb- 
HbIX OKOHYAHHH adPepeHTHbIX HEPBOB, PaciO.1ORKeHUbIX B MbUL- 
Wax H cycTaBax. (baarosapa 3THM NAPOMpHONeNnTHBHbIM HI 
HHTPOPeLleNTHBHBIM HePB@M BHYTPCHHeH UYYBCTBHTeJIbHOCTH 
MBI 3114@M O NOMOMKECHHH HAUIHX UWIeHOB Tela, He Minis Ha 
HHX). Ecstn MbIMMILa HOTH OK@KETCA JONOIHHTCIbNO pacTsaHy- 
TOM WIN COKpAauCHHOfi 3a cyuer BeuIHero BosyelicTBUA (Kak 
3TO cayyuacTca, HaNpHMep, Korda MBI CNycKaeMCsH Ha JIbUKaX 
¢ ropbl No HepoBHoMy CKOHy), BCIeTCTBHe aBTOMATHYeCKON 
peakilHH UPOHSON ICT YyAHHeHHe HIM COKpallleHHe MbILIMD! 
TaKHM O6pa3oM, 4YTO Hora He MoTepAeT KONTAKTAa C NOUBCH H 
He MepeacT HAWIeMY Tey ONPOKNAbIBAIOWero TONKA, MDIHIIta 
ABTOMATHUECKH TLPHCHOCOOHTCA K H3MeNCHMIO BHeLIHeH Ha- 
rpy3ku. Peryampyioulnit Mexallu3mM Oe3yc1OBHOTo nedpteKkca 
COCTOUT H3 ade penttinblx HCPBOB, NOAHHMAIOMLUXCA OT YYBCT- 
BUTCIBNDIX OKOHGaNHA K CIMHTOMY MO3TY, TIPOMCKYTOUHDIX 
He PBHULIX CRIBZCH B TKANAX CHHHHOTO MoOsfa. atpibe pen THBIX 
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BOJIOKOH, CIMYCKaIOUAXCH OT CMHHHOrTO MO3ra K MBILULAaM, 
HEPBHbIX OKOHYAHHH B MbIWMaxX WH CaMHX Mbiluw. Peaxkinio 
STOTO H€PBHO-MBIMIeYHOrO aBTOMATa IIPOBePAIOT HeBPOTAaTO.I0- 
CH, NOCTYKHBaAA MOJIOTOYKOM TO CYXOXKHJHIO KOJIeHHOrO CyC- 
TaBa H HaOJONad COKpauleHHe MBIW (HCKYCCTBeEHHOe, MeXa- 
HHYeCKOe PaCTAKeHHE MBM! WOU yeape No CYXORKHIIHIO 
BHIZbIBacCT ee (PU3HOVIOrHYecKoOe COKPalleHHe). 
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Puc. 6.10, Cxema peaexropnoa syru. 


/—Oenoe BeulecTBO CHHHHOrO MoO3ray .2—iRHraTerbHbe Hefipouw; 8—cnHHHOMO3roBOn 
Kakat; 4—BCTaBOVHHH Hefpou (aK0UeHHHIA MCKAY YYBCTBHTE.IBHAIMH H JBHraTedb-= 
ubIMH HefpowamuH); 5—aKCOH YYBCTBHT¢bHOrO Hefpona: 6—HePBHEA y3en; 7—4yBCTBH- 
TeJbHEA HefipoH; 8—oTpocToOk 4yBCTBHTeAbHOrO Hefpoua; 9—3aanHA KOpeuloK cnuH- 
HOro MO3ra; /0—"YBCTBHTEJIbBHbIe OKOHUaHHA B KkKoxe; //—fRuraTenbHble OKOHWaHHA 
8 MBIMCYHBIX BOOKHAaX; /2 -NepetHHA KOpeuIOK cnHHHOrO MO3ra; /3—-akcOH JBHra- 
T@JbHOrO HeHponHa; /4—aenApHTHI ABuraTeAbHOrO HeApona; 15—BoaOKHO 
NPOMpHOWMeENTHRBHOTO HeApona. 


AHTHIPpaBHT@WHOHHbI€ ABTOMATH3MbI MO3BO/IMIOT Ham «He 
AYMaTb» O CBO@M PaBHOBeCcHA, 

CKa3aHHOe BbIWe CCTb JHUIb Kpalive ynpowénHoe onuca- 
Hue pedekTopHon Ayrv. B gelictBuTeasuoctH B OcyllecTBe- 
HHH aKe QJICMCHTAPHRIX Pe*JIEKTOPNbIX akKTOB y4acTBYyeT 
Ooee CJIOKHaAA HepBHad crpykTypa. K w3qoxKeHHOH BBILIe 
npocrehuef cxemMe cJlelyeT O6aBHTb, B NepBylo o4eped, 
OOpatiityiO CBH3b, HZyUlytO OT HCIOMHUTebHBIX OpraHoB 
(MBI) K CIHHHOMY MOSry. STa CBA3b OCYIMeCTBAAeTCH HepB- 
HbIMH OKOHY@HHAMH H KJIETKAMH-pellenTopaMuH BHYTpeHHeH 
“VYBCTBHT@bHOCTH (HHTPO- HWIH MpolpHouentopamu). Uyscer- 
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BHTCIbDHbI€ MPOMNPpHOWeUTHBHbIe OKOHYAHHA Pacno.IOAeHbl MCK- 
AY MbILUCYHbIMH BOJIOKHaMH, B CBA3KaX H CYXOMUMHAX CycTa- 
BOB, Pa3sapamkenHa, MAyulMe OT NponpHowenropos, curnaan- 
3HPYIOT O TIOOAKCHUM KOCTCH, CYCTABOB H COCTOAHHH MYCKy- 
aaTypbl. Tako o6pa30M, axe MpocThle JLBUAKCHHA MpOucxo- 
AIT HE Kak OWHOKPAaTHBIH @KT «BKJIIOURHHA B padotTy» TOW 
HIM HHOH Ypylilibl MbUINL, €@ CKopee kak polecc padctbi 
CHCTeMbI C O6PaTHOH CBA3bI0, B KOTOPOM CDaBHHBaeTCH «2Ke- 
NGCMbIN> HW «OCTHIHYTHIN> Pe3YJbTaTHI. 

K asTOMY PYKHO ele JLO6ABMTb, YTO YYBCTBATCJbHOCTh 
IPOMNpHOUeNTOPOB, TO KNaHNeH Mepe HeKOTOPbIX H3 HHX, MO- 
KET JLOMOMHHTeIbHO PeryJIHpoBaTben (HaTAKeNNeM MpPOMeRy- 
TOYNbIX MbIDICUHbDIX BOJOKOH, B TOILE KOTOPbIX HeENocpe 7CT- 
BCHHO PAcIO.1O%KCH PCLUeMTOP) C NOMOILbIO OTAEIbHbIX OCCObOrO 
THN a HEPBHbIX BO.TOKOH. BepoaTno, HepBuasd cTpykTypa, Ocy- 
UIECTBIIOWLAN Mpocrehwuh pedlekc, He HCueCpNblIBaercA NO.T- 
HOCTDIO TIPHBeGHHbIM OMHCAaHHeEM H HMeCT AONOATHUTCAIBUBIC 
VCJIORKHEHHA, 

BezyccloBHble peq@IicKCbl B OOvJIbILMHCTBeE CIyudeB HMeIOT 
COPKHVIO CTPVKTYDY, IPH4eM HCDBHAA Myra 3aMblKAeTCH YEPe3 
HECKOSIDBKO TIPOM@KYTOUHSIX Helipovo3 covlnoro Mosra i 
peakluad BK TOuaeT paOOTY He OAHOH MDBILIIUbI, a lkeslow rpyn- 
Mbt MBL. EetH o6e3r1aBJIeHHOH JISTylike HaHecTH Ha KOKY 
MHBOTa KAIO KHCJOTHI, JIAryuiKa cTHpaeT Karo OAH KaH- 
lueH K MecTy TOBpeKennaA slankoH. Ec ary Jlamky Npyjep- 
Kath WI Ke OTCeUb, TO JAPyUiKa CTUPaeT KHC.IOTY Apyron 
NankoH HH Take WamkaMu Apyrou CTOPOHbI Tela. 

Be3yc.1opible pedekcbl He MpoOTeKaloT H30JUPOBaHHO. 
Hepsuple BO3S6YKTCHHA OTBETBIISIOTCA OT pe*eKTOPHOH AYrH 
H 110 H@PBHbIM CBA3aM CIHHHOrO MO3ra MepelaloTcs B KOpPY 
rOATOBHOrO MO3rda , KOTODDIN B pAe CAyyaeB MOcbIAaecT COOT- 
BeTCTBelIHble SbepeHTHble HMIMYIbCbI HW MelieT, TaKHM o0pa- 
30M, peakIlHlo — ycuuBaeT WH TopMosnT ee. TlaunenT MO*KCT 
3ATOPMO3HTb KOJeHNbI peddeKkc, HanpsaArad MbIINIbE HOPI, 
Bpayy MpHXOHTCA OTBAeCKATb BHHMAHHE OOJIbHOTO, 3aCTAB.TA 
HalpsAraTh MPOH3BOMbHO Apyrne FpyMmbr MBIMNI (pacTHrvBaTb 
pykH), YTOGBI PacTOPMO3HTb KOJICHHBIM pePaeke Man HCC.TC- 
nopaHun. BesycloBuble pedIeKCbI MOryT ObITh CBUSAHBI B Iellb 
H RE3LIBATb MOCJ@IOBATCJbHOCTb CTEPCOTHMHbIX ABHKeHHH, 
KAK1Oe H3 KOTOPHIX BbITMOAHAeTCA C ABTOMATIYCCKHM TPIT 
cnoco6leniiem K TpeSoBaHuaM oGcTaHoBKH. Takne Well Hempo- 
H3BO.IBHBIX JIBHKeHHIT — ped.1eKCOB — MNpeLCTAaBAAIOT cooon 
xomb6a u Ger, Ta3aHHe No wecTHune wT. 4. Peaxnun Ha WH 
TCHCHBHBI€ pazsipaKeHAsA — KalliCJIb, UAXAHHe, LLU a 
mpencTaBsioT co6ol uelb MBHXKeEHHH, KOTOpHle BbI3bIB Aro 
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APyr Apyra nocilemoBarerbyo y oOpasylor BMecte Leclecoo6- 
pa3Hoe aBTOMaTNHUeCKOeR AeHCTBHE, Kak 65I BBINOHeEHHe OHOH 
oOmeH mporpamMpr, 

Pa6ora penentopos (opraHos BHemnHnx 4YYBCTB), Hanpu- 
Mep rla3, NpoTekaeT no ToH xe Cxeme daBTOMATHYeCKHX pery- 
HpOBOK. [Ipu B3raane Ha cBeraoe NMATHO Tila3a COBepualoT 
HeTbIH PAA ABHKeHHH. Bo-nepBpix, ocy O60ux raa3 NOBOpa- 
HHBalOTCA BMeCTe B HaNpaB.eHHH NATHA; BO-BTOPbIX, ocH raz 
B34HMHO CMeULaIOTCA Ha Takolt yroul, UTOOM TouUKa nx nepece- 
YCHHA TIPHUlacb Ha NATHO (KOHBeprenya) ; XPYCTAJHKH Taz 
H3MCHALOT Popmy * y oKycupytor H300paxenue Ha ceruarke 
(akKkoMonauua): SPauKH COKDaINaIOTCA Hay pacuiapsaiores 
B COOTBCTCTBHH C APKOCTbIO MATHA (amantanusa) un, HaKOHell, 
KPOBCHOCHbI€ COCYAb, cHa6xKaloulHe Ce€TYaTKY, MeCHSIOT WHAa- 
MeTp B CCOTBETCTBHH Cc NOTpe6HOCTAMH B KPOBOCHA6KEHHH. 
Bee Tu peryanposKu NPOT€KAlOT C MOMOLIbIO HCPBHBIX BO3- 
OV KMeNHH, HAYULHX B Mo3r H BO3BDaWlalOULHXCA K MDbIULaM 
rta3, Ht 3necb uMeworcs NpoTHBONOAOKHO HallpaBJICEHHble BO3- 
ReHCTBHA, TOJIbKO OHH OCYMLECTBJIAIOTCH HE ABYMA CHCTeMaMH 
HEPBUBIX PeryJHPOBOK, a JBYMA rpynnamn MbILUL, pa6dortato- 
eX B MPOTHBOMOOKHBIX HalpaBCHHAX H BO3OYKAeMbIX, 
KOHCYHO, pa3mebHo. M B 3TOM Culyuae OTZebHbIE NeTAN O06- 
paTHO! cBa3H paOoTaloT coBMeCTHO B eXuHOM KOMIMIekce H 
B3aHMOCBA3aIIHO. M pa6ota Kaxkyoli 43 HUX 3aBHCHT OT yllpaB- 
ICIS! CO CTOPOHBI BBICIUMX OTMeOB WeHTPabHOo HepBHof 
CHCTEMBI. 

Tip \BbInNOAHeHHH CJOXKHBIX ABHKEHMH, Tpe6yloulux Tou- 
HOCTH, OOpaTHaA CBA3b OCYLeCTBIAeTCA c TNOMOULbIO 3peHHA. 
Buepanne HHTKY B HroaKy NPOTeKa€T KaK THIMYHBIL Mpomecc 
CS8C1CHHA K HYJIO PaSHOCTH M@KAY MOCTHIHYTHIM MH XKeaeMBIM 
Pe3yAbTaTaMH, IPH4eM 9Ta Pa3sHOCTh KOOPAUHAT VIUKA HPOJIKH 
H KOHMa HHTKM BOCIPHHUMaeTCA 3peHuem. C 3aKppiThiMy ra- 
3aMH BA€Th HHTKY B HIOJIKY MOXKHO TObKO clyyalino, Kuue- 
CTCTHYCCKOrO YYBCTBA, T. €. OOPaTHO CcBA3H 4epes IIpOIpHo- 
HENTOPbI, HTH PeleNTOPbl BHYTPeHHeH UYBCTBHTCAbHOCTH, OKa- 
SbIBAeTCA HeNocTaTouHo. Jlaxke CBeCTH KOHIbI yKa3aTeJbHDIX 
NaIbUueB C 3aKPbITHIMH Tia3aMH yaeTCA sadyeKo He BCerna. 
ITpu HeKOTOpEIx paccrpolicrBax NPOMpPHOWeNTHBHOH UYBCTBH- 
TC-IBHOCTH OKA3bIBaCTCA 3ATPYAHHTCIbHLIM MaKe KOCHYTHCHA 
NavibleM HOCA C 34KPBITBIMH Tvwia3zaMu. 


* Y HeKOTOPbIX %KMBOTHEIX, HAaMpuMep y pLI6, coKycuposKa MP OH3B0- 
HHTCA He HePopMayneh WenogBHAKHOTO XpycTalHKa, a Me€peMeWleHHeM XDPy- 
CTaIHKa, HMCIOULerO HCH3MeHHYyIO @OPMY, OTHOCHTeIbHO CeTUATKH Breped 
H Ha3au. | 
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flucbMo Hu pucoBaHHe MpoteKaloT NOA HeEOC.IGOHbIM KOHT- 
poem 3penua. CyulecTByeT ga6aBHbil cmoco6 yOedHTbcs 
83 9TOM HaraagHo. [Ipenmaraetca C 3aKPBITBIMM PidSdMn Ha- 
pHcoBaTb Ha sicTe OyMarii, He OTPbIBan KAP MUL, OUCPTAHLE 
nopocelKa WH coOaKH. B 3apepiienve pucyhKa CTC 1yeT MPH 
puconaTp ryia3. [[pH 9toM ganpenlaeTcA NpuKacatbca K 6y- 
mare ceo6ornoh pyKoll. O6bmHO Ha picylike rla3 OKa3bl- 
BaeTCH Ha COBEPIIeHHO HenoXOAAULeM mecTe, 4acTO Make 
BHe OWePTAHHH MKHBOTHOSO. 

Crenble MMIWyT OObIYHO, NOJIb3yACb TpatpapeToM, KOTOpBIA 
O3BOINeT HM H36@KaTb OLWHOOK, 

B X%KHBOM opraHu3me cyllecTByer O0.1bIN0e HHCTO NPN: 
MepoB CHcTeM C NOAOKUTCAbHOH O6paTHoN cBi3bIO. K UX YHC- 
Jy, B TepBylo Ovepesib, CAeMyeT OTHCCTH 3AMKNYTbIe Ie mWelt- 
pOHOB B HCPBHOH cucTeMe, KOTOpbIe MOryT MocTOANHO MOLep- 
KUBGTb CBOIO AKTHBHOCTb 3a CUCT camoBos6yxAcHHaA. B Ha- 
CTOALICe BPCMA HMeIOTCH PHCTOOTHYCCKHE anHble, LOKa3bl- 
Balolwwe CYULCCTBOBaHHe TaKHX enefi, Tleppouaua bub HM- 
Hy bc, WOLAaBAaeMbIM Ha Takyl0 CHCTEMY, MOKET BHIBBATh OUCH 
UTC AbHOe BOS6YKAeHNE CHCTEMBI, KOTOPOC oOersaeT Npo- 
XO*KHEHHE BCeX MOCMEAYIOUNX HMNYJIbCOB. AKTHBHOCTb B IIpO- 
uecce WHPKYIAMHH AMIMY/IbCOB BOZOYIKUCHHA MO 3AMKYTBIM LC- 
NAM MOMepxKUuBAcTCH 3a CUT MeTaOomHaMa (OOMeHA BeL{CcTB, 
CBAgaHHora C NHTAUHeM) HeHPOHOB, COCTABAIOULNX Melb, 

Camopo36yxX Lalouineca HEHPOHHble ICH C Od OZKUTCJIBHON 
o6parnoly CBA3bIO MOTYT HPpaTh OMpe-LeTCHUYTO pO1b B Mpo- 
ecce O6pa30BaHHA H 3aKPeIVICHHS HAaBMIKOB AKMBOTHOMO, ie 
O6pa30BbIBaTb MaTepHaJbHBIt cy6cTpaT NAMATH WKHBOrO CYULC- 
cTBa. STO yTBepxKAecHHe NOATBEpAKAAeTCA HCKOTOPEIME akcre- 
pliMentaMH. Tak, nepepesanie CHeHHDHYECKHX 3AMKNYVTbIX HCpB- 
HBIX TyTel MpHBOMUT K UCUESHOBEHHIO NpOleceo’ oOpa3soBanHs 
HABBIKOB (OMIT MPOW3BOMHICA 1a TOSOBONOMHX MO.1WHOCKAX). 

PasiwuHoro powa WHKYeCKIc Mpolcccnl, NpoTekaloule 
B XKNBOM OPPaHIi3Me, ABIAIOTCA CeACTBINCM paGotht clcTeM 
C NOMOKHATGIBHON O6paTHOH CBA3SHIO. K uncay HOPMAaIbHDbIX 
IHKAMYCCKHX MPOWeCCOB OTHOCHTCA, B NEpBYIO ouepenb, pabo- 
Ta cepmua, KoTOpoe NepHoANTeckH coKpamaeTca, Make ecvli 
sce TOAXOMMMe K HeMy HepBbl Nepcpesalbl. Hatano coKpa- 
WLeHHSA cepmia — coKpalllenHe npeacepanit—Hactynaer MNDpH 
pasipakKellHH HePBHBIX Y3TOB CTEHKH Tpecep-UIA, KoTOpoe 
Ho KODOTKUM BbIPOcTaM K-TeTOK MIpOBOAAULeH CHCTCMBI pac- 
mpocTpanserca K MbILICUHbIM poNOKHaM mpercepana. Mpnureq- 
HbIe BONOKHA KeJlyTOUKOB pos6yaK1aloTca APYrHM YYBCTBH- 
TeEJIbHbIM Y3J10M (aTpuoBeHTpuky Ap bil y3en), pacnolowKeH- 
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NpeACepAHA, HO C HeKOTOpO 3aepaKOH. Takum o6paszom, 
MPHTOK KPOBH B MpeacepAHA BBISbIBaeT cOkpallleHHe cepmita 
(CHCTOMY), a nocmequee NPOrOHHeT KPOBb CKBO3b Cepjue 
B COCYAUCTYIO CHCTEMY H, B CBOIO OYepenb, BBISLIBAeT HOBLIT 
MPHTOK KPOBH, 3aMBIKaIOWIWH WK. 

MHTepecHO OTMETHTb, 4TO B HOPM@JIbHOM COCTOAHHH YJICHBI 
rela He HaXOMATCA B NOKOe, a COBEPUaIOT XA0THYeCKHe Koue- 
OaHuA MaJIOH aMMIHTYAbI Cc YactoTamu NOPpANKa MecATKa rept. 
Takve Kowe6aHua peructrpupyrorcas, HallpuMep, TIpw W3yyeHHH 
dHTHrpaBHTaUHOHHbIX peMiekcos. Tlomomwenne usenopn tena 
ONpemeIAeTCA TOHYCOM (CTeNeHbIO HanpsxKeHHA) MBI, KO- 
TOPbIN peryaupyerca mo cxeme pedmekca. Onnaxo NpOXox 1e- 
HHe CHrHada HEPBHOTO BO36yXAeHHA MO pedeKTOpuoll Ayre 
NPOHCXOAMT C SaepKKOH. OcCHOBHAaA MOA 3anepxKKH MpoHc- 
XONHT B COCMMHCHHAX Hel pOHOB—cuHancax. Bpema 3anepx- 
KH HW OT1peyevIseT CpeQHHH MepHon Kome6anunh. Jleno o6cToNT 
SHCCb COBCPUICHHO TaK Ke, KaK B TCXHHYECKHX CHCTeEMAX ¢ O6- 
PaTHOM CBA3bIO, MPH HaIHUHH 3afepxKeK, o UCM MBI TOBOPHJH 
Bbiue. Mexanuyeckant MHepuHA wieHOB Tela mpenmatcrByet 
NOABJICHHIO KOweOaHHH OOJIbUIOM AMILIHTYAB MpH yacrore 
nopaaka I10—15 repu. Tipu cusnyeckoM un yMCTBeHHOM 
YTOMJICHHH HH TIpH 3a607eBaHHH CHHAalTHyecKkasr 3alepKKA 
NPOXOKACHHA HEPBHOTO BOS6yYKeHHA BOBPAacTaeT. ITO BEET 
K MOHHKECHHIO YaCTOTbI COOCTBEHHDIX KOJIEOaAHHH, YTO, B CBOIO 
ouepedb, BleyéT 3a COOOH yBemMYeHNe aMNIHTYABI. CraHoBut- 
CA SAMCTHBIM JpOKaHHe NaJIbleR, PyK, TOJIOBBI, 

K WHKIMYeCKHM MpolleccaM OTHOCATCA TakKHe MaTomornue- 
CKHe ABJICHHA, KaK APOKb OT NepeoXaKMennA Tella, 3auKa- 
Hie, HKOTa HT. I. 

CmeHa cHa 4 604pcTBOBaHHA npecTaBlaet co6oh Hop- 
MaJIbHBIM IHKJI. 

BecbMa MOyuHTerbHBIMH, Cc TOUKY 3PGHHA AeMOHCTpallHH 
JeuCTBHA O6paTHol cBa3u B OpranH3Me, SB.MIOTCA OMBITHI 
BEHTePCKHX Mu3uooroB Cexelf u Ceurarora. IT pou3Bonuviach 
mepecadka TKaHH oOOpa3ywuleroca ria3a or OAHOrO 3a POJBI- 
(la TpHTOHa Mpyromy. Ilepecayka mpovssorquach antucHy- 
MeTPHYHO, MpaBblH Tlas MOHOpa Mepecaxkupaica wa mecto 
T€BOro T1a3a PeUMMHeHTa H HaOGOpoT, Npuyem HMKHHT Kp ar 
Masa OCTABaJICA BHH3Y. Takum o6pa3om, OpiBUIMi 3annutt 
c€KTOP T1a3a NOHOPa OKa3bIBaJICA Ha HOBOM MectTe, pacnovio- 
*KCHHOM cCrlepemu. Ilocte mepecanku TKaHb NPWKABaTach H 
tas PasBHBaJICA HOPMaJbHO. B nponecce pa3Butuag 3 apOJLbI- 
Ha HEpBHBIe CBA3H Ce€TYATKH Pasa WH MO3ra YCTaHaBJMBaJHCh 
3 COOTBETCTBHH C Me€PpBOHadaJIbHbIM pacnooxKenvem = rya3a 
vy movopa (3anHuH ceKTop ceTuaTKn NOoHOpa, pactlonoxeHHBlh 
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nocsle NepecaslkH cilepesH, COCIHHAICH HePpBHBIM NYYKOM 
¢ NepeANHM passeOM 3pHTebNOrO AaHaHsaTOpa, © KOTOPbIM 
HOPMAJIbHO COCMHHACTCA 3aTHHH CCKTOP ceTuaTKH). PasBuB- 
WeeCH XNKUBOTHOR HMO H3BPaLeHHble SesycJOBHBIC pepe 
cpt, Bam uepBsaka, pacnosoxKeHNoro C3aAH, N€EpCAHHM CEKTO™ 
pom rta3a (pacnodoxwKeHHbiIM C3aHH) AHBOTHOE BOCTIPHMH- 
Mago CFO PAChoOKeHNe TORKUbIM OOPA30M, CNEPCAH, H pearH- 
poBadlo MpbeKKOM BHeped. 





ccas Ha OHa. 
Pic. 6.11. CxeMa olbiToB moO HepecaAKke Plaza y TpuT 


: : ' TYAaTKH AOHOpP?, KO 
{— 2 MOpuoHn-azoHop; 2—aMGpHon-pelunnen, a--nepe sui sin oe on nyaKor 
TOPpHE CTAHORMTCs 3VAHEM ceKTOPOM  y Pele nhs, eae ae a q cetvuaTKH @ po 
NPH pasBUTHH HOpMaA.TBHOrE sepompiia (GYTeK OT De tak on a Teco CERTO Vad 
‘ aah 1 . Aer MOSrA CG, Ui 
‘ s as HUA vaacrToK 3PUTeJIbH! ro o7Ae. WN 33 
cbqpdeiaer nnepe ail vyaercK 2); 4 npoprcranve HepRUBIX NYTKOR MPH PAasBuTP 


ILC : i " Hu 6, KO 
pOMba c HepecraKenHLIM PIABOM (uy: CK OT OprRIETO Sra Bag hae a 
1Opbli Tenepbh pacnosgoKeH Crlepe iH, npopactraet B rie ain 0): "5 —-HOpwaabHOe *KHROTHO! 
mero nepewnero ceKkTOpa NpoprcrTaeyT B 3a1HHl Cae: ; Reine we aoe 
copepiaer DRHKeHHe B HalporJenadey Oe Oe eee cao. 
BAPHYMa 9; 6-—HKHBOTHOC, NOABepriweeca eh) ai beers Haile cae saiiee woneor 
MecT mepelHero H 3aauero CeKTOPOB Ip HeHOMBH KHON GyMaP 

TCJIbHHIC MBHKEHHH BUPABO H BEBO. 
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Oco6enko NOYUHTCABHBIM ABJISeTCH CpaBHeHHe noBedeHHs 
HOPMaJIbHOrO HM ON€PHpoOBalHOrO MAKMBOTHOTO B CweAYIOULUX 
YCOBHAX: CHAPYKH CTCHKH aKBapWyMa NoMelllasica wucT 6e- 
JOH OyMarH C HapHCOBaHHbIMH Ha HeM BEPTHKaJIbHbIMH IIO- 
mocaMH. Ecau QBHMraTb JIMCT BIpaBo H BJI€BO, TO HOPMaJIbHOe 
*KHBOTHO€ B OTBET HauHHaeT WepeMelllaTbCA BCeEN 3a ABH- 
*KCHHEM OyMarH. Ono CTpeMHTCA COXpaHUTb cBOe No/loKeHHe 
OTHOCHTEIBHO OKPY2KalOWMMX MpeAMeTOB, Kak B TOM C.lyuae, 
Korda ero B eCTeCTBeEHHOH OOCTaHOBKe CHOCHT TeyeHHeM. IIpu 
HENOABHARUOH OyMare TPHTOH COXxpaHaer HeNOABHIKHOCT. 
B Tex Ke yCJIOBUAX, IPH HenOABMOKHOL OyMare, TPHTOH, y Ko- 
TOporo O6a Iila3a NepecakKenbl Tak, To nepeHHH CeKTOp 
OKa3bIBaeTCH C3aNM WH HAOOOPOT, He OCTaeTCA HeNMOABHKHBIM. 
OH coBepulaeT MepHomuuecKkHe BHKeHUS, Kak MaATHHK, 
BUpaBO HM BJI€BO, KOTOPbie H3peyKa IpepbiBaloTca Cyopox- 
HbIMH X@OTHYCCKHMH TepeMeLIeHHAMH. 

Vey HOpMaJbHoro, H y OMepHpoBaHHOroO 2%KHBOTHDIX B OMH- 
CaHHbIX C/y¥aAX HME€IOT MECTO NPOABJICHHA BpORKAeHHOrO 6be- 
3yCJIOBHOrO pedwlekca, OMpesesemMoro CBOHCTBAMH HepBHOl 
CTpyKTypbl. Y HOpMaJIbHOrO XKHBOTHOFO petbaeKe mpoTeKaer 
MO CX€M€ C OTPHILATeJbHOH OOpaTHOH CBHA3bI0, y ONepApoBaLH- 
HOrO — C NOJIGKUTeCJbHOH OOpaTHOH cCBA3bIO, MpeBpalawulen 
KHBOTHOE B «reHepaTOp kONebalHh». Y HOPpMaJIbHOTO MKUBOT- 
Horo mepeMelileHHe OYMAKHOH JICHTHI BbIZSbIBAeCT 3PHTeIbHOC 
pa3—pamkenne( MepemMeluleHne o6pa3a Ha ceTuaTKe) H petbwek- 
TOpHoOe JBHKeHHe «BJOFOHKY» G6YMaxXHOH JeHTbI. B pe3yb- 
TaTe NepeMeUleHHA Tela XKHBOTHOTO ABHKeHHe OOPa3a Ha 
ceT¥uaTKe MpekpaliaeTcA, MPOHCXOAUT, NO TepMHHOJOrHH (pH- 
3HOJIOTOB, «YPaBHOBelIHBaHHe BO3SNCHCTBHA Cpebl>, THITHYHOe 
IA OTPHWaATeIbHOH OOpaTHOH cBa3u. Y onepuHpoBaHHoro XKH- 
BOTHOTO CJ1yualHHoe ABHXKeCHHe HH MOBOPOT ero BbI3bIBAaIOT 
ABHXKeHHe OOpa3a Ha CeTUaTKe, HO B OOPaTHYW CTOPOHy 
(BCNeACTBHe H3BPalGHHCrO MCJOXeHAH CeKTOPOB raza). 
PedwiekTOpHan peaKUHA %KHBOTHOTO (TIOMbITKa ABUraTbceaA 3a 
KaKYULHMCA JBHXKCHHEM JICHTHI) Take MPOHCXOANT B He- 
BEPHOM HampaBJleHHH, X%KHBOTHOe YCHJIHBaeT TepBolayabHoe 
OTHOCHT@IbHOe EBHKCHHE, UTO yCKOpHeT Karkyuleecnh MBH«Ke- 
HHe JICHTbI H elllé 6omee YCHIHBaeT peaKkIHIO (NOMOKUTEMb- 
Hand OOpaTHas! CBA3b). | 

IlocKoJIbKY CKOPOCTb J.BHXKCHHA MHKMBOTHOTO He MOXKECT 
JapacTaTb HeorpaHHyenfio (HeMHEMHOCTbh CHCTeMbI), 9TO ABH- 
KeEHHE B KAKOH-TO MOM@€HT BDN@MCHH JLOJOKHO 34MCJVJIMTbCA. 
3aMeIeCHHe MOMKCT MNpoOH30HTH, HalmpHMep, H3-3a TOPMO3A- 
ULerO 'BO3SMeHCTBHA TPOMPHOWENTHBHHIX pa3sipaxkeHHn. Samel- 
N@HHe JIBH2KeHAA MKHBOTHOFO BAeUeT 3a COOOM 3amMeqeHHe 
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lepeMctieHilA o6pa3sa Ha ceTuaTKe, kKOTOpOe cTHMysAupyet 
jaupielivice 3aMeleHHe JIBHXKeHHA, H Tak Jlasee. B pesyvIb- 
raTe JOXKHbIe BOCHPHATHA UWallpaBJeHHA ABAKeHHA CTHMYJH- 
pyloT YCKOPpCHHe HauvaTOro DBHKeHHA H 3aCTaBJIAIOT TPHTOHA 
coBepmaTb PHTMHYCCKHe ABHKCHHA, KaK 9TO CyuaeTCA C J10- 
6oli Apyroii cucTeMoii Cc NOMOAUTebHOH OOPaTHOM CBA3bIO. 


HenotpwxkHoe MOOKCHHe TpATOHa CTAHOBHTCH HeyCTOH- 
YHBBIM, 


IIpeppaulenne OTPHUaTebHOH, cTaGuTM3upylouleH, OOpar- 
HOH CBA3H B IIOJIOMKHTCIBHYIO, BBISbIBAIOMLYIO. NOABJIEHHE KO- 
NeOaHHi, MPOHCXOAHT B ONHCA@HHOM ‘9KCMe€pHMeHTe H3-3a H3- 
MeHCHHS 3HaKa BOSOVYAKACHHA B OJHOM 3BeHe NeT.1H OOpaTHOH 
CBA3H—IIepeMeHbI MeCT NepewHero HM 3aHErO CeEKTOPOB CeT- 
uaTKH OOOHX rta3. Bce ocTaJIbHble 3BeHbA NPHPOAHOH HEps- 
HOH CTDYKTYPbl 6e3sycJJOBHOTO pedJlIeKca OCcTaloTCA 6e3 H3Me- 
HCHHH WH He MOLTaWTCH HCNpaBJIeHHIO TyTeM «NepeydYHBaHuA». 

Hekotopble O01e3HeHHble COCTOAHHA BbISbIBAIOT THIIMYHbIe 
ABICHHA HapyllenHA OOpaTHolt cBa3H. Tak, 3a607eBaHHe, Ha- 
3bIBACMOE JIOKOMOTOPHOM aTaKkCcHeli H MpeacTaBsAmoulee Cobon 
HapYHICHHe MPONPHOWeCNTHBHOH UYBCTBHTeJIbHOCTH KOHeUHOCTeH, 
NHuIaeT 6O.TbHOrO BO3MOXKHOCTH YYBCTBOBATb, HalpuMep, No- 
JOXKeNHe CBOHX HOP. OTHM pa3spyluialoTcCa MHOTHe aBTOMATH3- 
MbI XOHbObI. Boapnoli MoKeT ABHFaTbeA, TOKO Had/MOaA 3a 
ro.IOKeHHeM coOcTBeHHHIX Hor, TloxoqKa ero HeyBepeHHa H 
HeqoBKa. B TCMHOTe HIM C 3aBASAHHbBIMU T1a3aMM OH HE MO- 
*KeT XOMHTD H TepAeT PaABHOBCCHE. 


Pocr H Pp43BHTHe OPraHH3Ma, Pa3MHOKeHHE KJeTOK, BXO- 
AAULHX B CcOCTaB ero TKAHeH, Tak?Ke MpoTeKkaeT MOA BoO3TeH- 
CTBHCM MHOPHX M€PeCKPeLUMBAWWHXCA H B3AHMOMCHCTBYIOIUHX 
PeryTHPOBOK. PKH3HEMEATEbHOCTh OAHHX TKaHeH TOPMO3HT 
WH CTHMYJIHPyeT pOCT APyrHX B Pa3JIMYHble MCPHOAbI pa3sBH- 
THA OPraHH3Ma, H TOJIbKO Te OPraHH3Mbl OKAa3bIBalOTCA KU3HE- 
CNOCOOHBIMH H BbIXKHBaIOT, Y KOTOPBIX NpoOuecchl B34HMHbIX 
BIHAN TKAaHCH pyr Ha Apyra MpHBOAAT K OOpa3z0BaHHo 
OUO.OPHYCCKH UWeecOOOpa3sHbIX CTPYKTYp. 

Ec, HanpuMep, HeKOTOpad TKaHb @ CTHMYJIMpyeT Pa3BH- 
THe TKanH 6, a TKaHb O 3afepoxKUBAeT PAa3BHTHE TKAaHH QA, TC 
B3dHMOJeHCTBHe M@KIY HAMH, MpoTekaloulee MO CXe€Me 3aMK- 
HYTOH Ne@TAH OTPHUATebHOH OOPaTHOM CBA3H, NPHBEMeT K He- 
KOTOPOMY PaABHOGBECHOMY COCTOSNHIO, KOTOPOe MOKeT OBITL 
HapyWleHO BHCWIHHMH BUJIMAHHAMH. Tak, HanpHMep, B3aHMO 
nelicTByIOT Apyr c ApyroM B TeJie NeTyXa NOJMOBbIE ReTESb 
M TKAHb MeTyWIMHoro rpe6us. Pocr rpe6Ha TOPMO3HT pa3sBUTHE 
TKaneli wKeste3, DYHKUMA Weses CTHMYAHPyeT POCcT rpeOua 
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Incin XHpyprnyecku YAaIMTb rpeOehHb — ycunurca pocr xKe- 
NCS, CCH YaIHTb MKeJe3bl— YMeHbIUIHTCA rpe6eub. 

IIpumMepos nogo6Horo «IPOTHBOPeCYHBOrO B3aHMOJeHCTBUA» 
MexKIY OplaHaMH Te/la MHBOTHOTO MOXKHO MpHBeCTH OUeHE 
MHOTO., 

B ycJIOBHAX NaTOJIOTHYCCKHX BHELIHUX BO3CHCTBUH, B OCO- 
OcHHOCTH ATMTCIBUBIX, PEryIMPOBKH NOAO6HOrO Tuna MOryT 
ObITh NeperpyXKeHbl WIM 1axKe BOBce HapylueHbl. 3a Hapyuie- 
HHCM peryJIHPOBOK cielMuyeckoro cunte3a BeULECTB B Opra- 
HH3Me CJleLyeT MaTOOrHyeckHii poct OpraHoB HWIH TKaHeli 
HH 'BCerO OpraHu3Ma, Tak, upesMepHas .aKTUBHOCTL ONHOH 
43 JoOeH THnoOmu3a BbIZbIBAeT T'HTaHTH3M — HeEHOpMaJbHOe 
YBCTHYCHHE PasmMepow Teta. HenopasBuTue WHTOBHAHON xKe- 
We3bI NPHBOAHT K HEZOPa3BuTHIO Tea H KPeTHHH3My. Muo- 
POKPaTHOC MOBTOPHOe MeCTHOe paspylmeHue TKaHe;} Be eT 
K YCHJICHHOMY TeYeCHHIO BOCCTAHOBHTCJIBHBIX MpOweccoB, uTO 
B HCKOTOPBIX CJy¥aax CTHMysupyer pak — 3a60JleBanue, cBa- 
SaHHO€ C MATO.OrHYeCKUM, HEYM@PCHHbIM Pa3MHOKeHHeM Kile- 
TOK. Pa3gMHomwenne KAeTKH OlpeleAeTCA KaK BHYTPeCHHHMH 
NpoueccaMH B CaMOH KJleTKe, Tak M BHeLIHHMH YyCJIOBHSMH. 
Hapywenne HOpMaJIbHBIXx PeryJIMPOBOK pOcTa H pa3MHOKe- 
HHA KICTOK B OpraHu3Me, PaspbiB NeTAM OOpaTHOl CBA3H, lIpH- 
BOAHT K BPCXHbIM, a HHOrMa WH THOCIbHBIM JIA OpraHH3Ma 
NOCJIECTBUAM. 

CucteMbl c o6patHoit cBa3bio Hu B TEXHHKe, H B XKUBOL 
TPHPONE CYINCCTBYIOT HE TOJIbKO B TOM Apoctom BHAe OAHHOU- 
HOH 3aMKHYTOH NeT.IM peryJMpoBaHHa, o KOTOPOM MBI BeJIn 
peub. B3aumMuaa nonapHasd cBa3b Pa3IM4YHBIX OPraHoB, ocy- 
ULCCTBIA€MaA Kak Yepe3s NOCpeACTBO HepBHOli CHCT€MBbI, Tak 
H C NOMOINbIO TYMOPAJIBHBIX BO3AeEHCTBHH, MO3BONAeT mpocvre- 
AMTb JWIHHHbIe Wenn peryHpoBok (byHKuHi B OpraHH3Me, o6- 
PasylOulHe CIOMKHbIC CHCTEMBI peryMpoBaHus. Hanuune takux 
CHCTEM TMOATBEPKTaeTCA Ha OOWMMPHOM OKCNepHMeHTabHOM 
MaTepHalie. | 

CXeMbI NOMOOHBIX CHCTeM H UX (PYHKUMOHUPOBaHHe Becb- 
Ma CJOXHbI. OFNAKO B IPHHUHNe BO3MOXKHO TOUHOe onvcanHne 
HX MOBeeHHA C NOMOMIbIO TOTO Ke PopMawbuoro anmapata, 
4TO H WA MpOcThix cucrem. []puMepom mMuHoronetTseBoli cHcTe- 
MbI MOPryT CJIyKHTb, BO-MepBbIX, CJIOMKHbIe pewlaroulne ycT- 
polcTBa TexXHuyecKOro Ha3HayeHHsA 4H, BO-BTOPbIX, B3@HMOCBA- 
SaHHbIC TOMCOCTATHYCCKHE PeryHPOBKH B 2KUBOM OpraHH3- 
Me. MoxxHo CKa3aTb, YTO NDMHILNN «B3aMMHO MNpOTHBOPeyuHBO- 
TO> B3a4MMONeHCTBHA OpraHoB, Wn NpHHUNN OTPHLaTeJIBHOH 
O6paTHoli cBa3u, B Mmpotecce Pa3BHTHA OpraHv3Ma CBA3bIBaeT 
YaCTH OPpraHH3Ma B €2HHOe Lesoe, 


159 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


tio-BHAUMOMY, ilaJibHefmee H3yYeHHe B3aHMOJeHCTBHA Op- 
raHOB, IPOBOAHMOe He TO.1bKO KaveCTBeHHO, HO H KO-THUCCT- 
BCHHO, C IIPHBJeVeHHeM allapaTa TCOPHH aBTOMAaTHYECKOTO 
DeEryIHPOBAHMA, MOXKCT MpPHHeCTH OOMbIUYIO NOMbSY HC TObKO 
IIa U3SyYeHHA CYNKUMH Opranu3mMa, HO HW WIA yYdweHHs 
MeTOAOB pacnoO3HaBaHHA IpPHYHH 3a00/eBaHHi WH ACUCHNA 
TOC Je THUX, 

M3yyenne opranH3aluu CHCTeM C OOpaTHOH CBA3bIO B KH- 
BbIX OPfaHH3MAX WaeCT MHOTO NOMe3HbIX KOHCTPYKTHBHBIX HAeH 


rare) 





Puc. 6.12. IIpeanoaaraemaad cxeMa 3aMKHYTOH Wenk Hepouos 
(10 Paucony). 


Mis Cosmauus TeXHHdecKHX cKHcTeM. B XKHBBIX OpraHu3Max 
MpocTeHlwHe CHCTeMBI C OOpaTHbIMH CBASAMH THMa Oe3ycJoB- 
HbIX pedIeKCOB, KaK MBI BUAeAU, YNpaBJIAIOTCA WH «NacTpan- 
BAIOTCA GHO.1Ce BLICOKO PACNOJORCHUbIMH HCPBHBIMH CTPYKTYy- 
pamu. B uncle TCXHHYCCKAX CHCTCM peryHPOBaHHA B Tocwel- 
vee BDCMA Bee UanLe BCTDeYaIOTCH Tak Ha3biBaeMbie «CdMO- 
HACTPAHBalOMnec s» CHCTeEMBI. 

O6pmunan cucTreMa c OOpaTHOH CBaA3bI0, CcOOpalHaa U3 
BRCHbeR, OONATAIOULNX HEKOTOPLIMH PUKCHPOBAHHbIMH Xapak- 
TeEPHCTHKAMH, MOWKCT BHINOTHATh CBOIO 3afady peryddpOBaHnHhA 
HaWAYUWIHM OOPa30M JIHUIb B OUPeAeICHHbIX BHCIUHHX YC/10- 
punx, [T]pH H3MeHeHHM BHELUHHX yeJIOBHH KayecTBO paDOTbl 
MOKCT yXYAMATDCA HW WIA ero yAyUWeHHA MOTYT norpedo- 
BaTbCH HOBbIe Pery.THPOBKH (H3Me€HeCHHe XapakTePHCTHK CH- 
CTCMBI H e@ 3BeHbeB). Tak, aBTOMMJoT Np H3MCHeHHH BbICOTHI 
MoseTa H MWIOTHOCTH BO3yXa MOET MOTPeOOBaTb TaKHxX pe- 
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ryMpoBok. PeryJtuposky nag NOACTpouky O6bIYHO OcyuecTB- 
eT ONepaTop, Ha6MORaounl 3a padoroh cucTemnl u oue- 
IBarOURHH M0 TCM HJM HHBIM TIpH3Hakam KadeCTBO eé pa6o- 
Th. PyHKUHA Tekymel NOACTPOHKH CHCTeMEI MOxKerT 6LITH Te- 
pewana dBTOMATHYCCKOMY ycTpolicrBy. JLng 3TOFO Ha OCHOB- 
HOW CHCTEMOH HacTpanBaetca emé ona CHCTe€Ma perysupo- 
BadHHH, IIA KOTOPOH BxoRHOT HHPOpMaunei;j ABJIACTCA Kaye- 
CTBO paOOThI OCHOBHOY CHCTEMbI, OL@HHBaAeMOe TO O6beKTHB- 
HbIM MPH3HaKkaM, a BbIXOHOM peaklnev — perymuposKka oc- 
HOBHOH CHCTe€MBI JWIA ONTHMaJIbHOL paOoTbl B CooTBeTcrBHH 
C 34aHHBIM KPUTepNem KauectBa. Bce YCTPOMCTBO, BK.JOUAalO- 
ee B CeOA WH OCHOBHY}O CHCTCMY H HafCTpoliky, Ha3bipalorT 
OOBINHO CcaMoHacTpanBawllelicg CHCTeMON, 

EctecTBeHHo, 4TOo <BTOPOH 3TaK» yIpaBAeCHHA Moker cam 
HYKATbCA B NOACTPOHKe Mp u3smMeHeHuy BHEWHAX YCJOBHA 
B OoNee UlmMpoKux npexenax. Jl ero PeryJIMPOBKH MO xKeT 
ObITb HaACTPOCH <TpeTHH 98TaK» nw Tak Jadee. Kaxapit cne- 
AYIOIMHH «3TAK> YIpaBeHHA HCHOMb3yeT BCa Go.Tee oomme 
KPHTCPHH KayecTBa, Bcé Govee COKHYIO HHDopMauvio 
AOMKEH TPeOOBaTh AA cBoel paboTH Bcé 6oNbIe Bpe- 
MCNH, Tak Kak ompeqenenHe KayecrBa padoTnl HyxKepac- 
NOOKCHHOH CHCTeEMbI MmpeqycMatTpuBaer MpoBeeHwe «mpo6» 
HIM MCNbITAHHH PpaOoTbl 93Toll CHCTeMET B Pa3JIHYHBIX perKH- 
Max. 

Jlto6asn “aMOHAcTPauBalollaaca CHCTeMa Tpe6OyeT mpespa- 
PHTCIbHOH TPHHUANHAAbHOH OpraHM3auH, T. e. BOMAOMeHUA 
HEKOTOPOrO MpPHHUNMa, HEKOTOpOrO Obulero KpHTepuA Kauect- 
Ba paoorH. 

B mpHHiwne MOKHO, Mpa goctaTouHoM YCJIOXKHEHHH CH- 
CTCMLI, CA€aTb CHHCTBEHHBIM KPHTePpHeM KayeCTBa eC Te CT- 
BC HHBIH KPHTepH: cnoco6OHOCTh CHCTeMbI yYCTOH4HBO cy- 
IIeCTBOBATh He pa3pyllasAch B NaHHEIX ycoBuax. Ilpu Haqu- 
HHH H€KOTOPbIX HCXOMHBIX Ka¥eCTB CHCTEMa MOXKeT Cama, 6e3 
yuactHA KOHCTPpyKTOpa, MepecTpOuTbea HM ROMTH AO ycrToltun- 
BOTO COCTOAHHA MOCpe€ACTBOM H3MeCHEHHA CBOeH BHYTPeHHelt 
cTpyktTyppl. KC cucteMaM Takoro Tuna yno6HO TIPUMeCHUTb 
Na3BaHMe «CaMOOpraHu3yloumeca», (Uacto B mMpocropeynn 
TCPMHHbI «CaMOHACTPavBalOulaAcA» HM «CaMOOPraHH3yloulas- 
“A> CHCTeMA ynoTpeOsInIOT 6e3 pa3sH4Hs.) CaMoopraHn3ylo- 
ILHeCA CHCTEMBI B OTJIHYNE OT CAMOHACTPaHBaIOWAXCA. He He- 
‘yT B ce6€ HHKaKOroO KOHCTPYXTHBHOTO KPHTepuA KayectTBa 
1a6OTH, KPOMe ecCTeCTBeHHOrO KPUTepHA — cCMOCcOOHOCTH «BEI- 
KHTb» B JAHHbIX YCJIOBHAX. 

K BOMpocaM peaaH3auHh CAMOOPraHH3yWWUXCA CHCTeM MBI 
3epHeMcA Bru. I]. 
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CUrHAT B MANNE 


B cucreMax C OTPHUATCAbHOl GEpaTNOn CBASbIO, PacCMOT- 
DCHHBIX HAMH BKpaTie B Tipe AwI1VULel raaBe, Ha BXO‘e YCTPOH- 
cTBA aBToMarHyeckoro perydHpOBAHHyA B2AHMOACHCTBOBAaA 
apa CHPHada: CHrHad, COOTBCTCTBYIOILAH <KEAeMOMY» HTH 
3aNaHNOMY ZelcTBHIO aBromata, I CHUAN, OO ee 
VK JOCTHTHYTOMY B pe3sy.1bTaTe paoothl aBroMaTa ACCES! | 
O6a cHriaa BbIpPaKaloTed B MpPOCTCHUTs ee 
H TOM xe (PUBHTECKOM adaBute (OOBIUIO B BH Ae Heypey oe 
U3MeNSTIOILelicA (PH3HYCCKOH BeTHUHHDL: Te 
NpAKEHHA, NOBOPOTAa H.1H CKOPOCTH BPauAciinst Bada, Saeed 
Pal HAH CKOPOCTH HSMCHCHHs KOMMCHTp ality aso 
nelmectBa HT. JL.) 4H B OAHHAKOBDIX MaculTa6ax. Es eae 
CTBHC ABVX CHTHaATOB CBOMHJTOCb BK cpaBieitnio ABYX ee 
CKHX BETHUMH C BbLICTeHHeM HOBOFO curiata oe pe cts 
HAM HEKOTOPO!! SKBUBAACHTHON Pe ie are ee 
paoorol HCHOANHTCIDHCrO YCTpOuUcTBa. M3 1ByxX cp 
MBIX CHIIMTATOR BHCHITIM OL TOTDKO OSU. a Gaesienill 

MoxiHo HpeAcTaBHuTh ce6e CHTYALLHIO, ie eee 
BXOMbI CHCTCMLE MOAXO/AAT OHOBpeMecHHO He Hired 
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FO BO BPCMelH HeckOdibko CHUHAJOB, TpHdemM cHeremg LOW TAS 
Ha @BTOMATHYCCKIH  pearHpoBath — ie Ha Kab CHa, 
¢ TOIBKO Ha HX KOMOHH aU. 

[IpumMepom npocrtetimux YCTPCHCTB Takoro poya ABIACTCH 
CHIN) patop, PeCarHPyYlOulHH Jhb Ha OAHY e€HHCTBeHHy10 
KOMOHHALMIO CHMBOJIOB. Ha KOPaOJIHX COHWO3HHKOB BO BDeMA 
Bropolt Mupcosoit Bolinpy ObIIH ycTaHoBeHBI aBTOMAaTHYeCKHe 
ACUMIMPaTOPbl CHTHavIop OeacTBHA. Cnracatenbupre JIOUKH OH 
NIOTDL CHaAOKaducb NOY 2BTOM aTHYecKH MH pa qnonepeyaran- 
‘AMH, KOTOPbI€ Nocde 3aBONa YacoRoro M€XaHH3Ma aBTOMAaTH- 
NCCKH B TCY@HHE HECKOVIBKHX MHHYT MepewaBaylu Ha CnellHab- 
HO OTBCRCHHOH WIA STOTO BOuIHeE CHTHaJIbI O€ACTBHA — ceputo 
THPC H May3 cTaHyaptTuolt AAMTeABHOCTH. Cropoxespie IIPHeM- 
HHKH Ha Cyax He BbIKOUaTACH Kpyrvible CYTKH. Ha Bplxone 
KaKAOTO NPHEMHHKA CTOAT AcumMpatop. OnnaxAB npunATOe 
TPC BKOYaIO NpOrpaMMubiii M€XaHH3M, KOTOPbIi pa6ota 
TOJbKO B TOM CJly¥ae, Korma MNDWHHMaeMble CHIHaJIbl COBMa- 
4a.-1TH C ero MporpamMmoit. B konue MpOrpaMMbl (No okomyanHHn 
NOCTCAHerO THpe) BK TOUasICA CHrHad, NaBaBINHH 3uHaTb Bax- 
TCHHOMY O MpweMe CurHaaos GexzcrBua. Jl60e OTKJIOHEHHE OT 
NPOrpaMMbl (OTCYTCTBHE HyxKHOFrO THpe HIM HaJMune aHILU- 
NX, H€ BbIRePAKHBAHHe May3 HT. N.) Mpekpattta.to padoTy 
leuuppatopa WH BoO3Bpaluamo ero B HCXOAHOE MOOKenue, 

Araaoruyuno, Ho 6ouee COKHO PadoTaer cemeKTop asro- 
MaTHYECKOH Teeponiolt cranunu. Ha TOOy!0 (H3 ynCa BO3- 
MOXHBIX) CeDHIO 97eKTpHYeCKHX HMNYJIbCOB, NOJyyaemMbix Hv 
OT HaOOpHOrO AuCKa a6boHeHTAa, on OTBCYaeCT BKJNOUCHHeM O/1- 
HON 3 AHHATi — Toft, KOTOPaH COOTBETCTBYeT HaOupaemomy 
HoMepy. Ce.lektop PearHpyeT yoke He Ha CAMHCTBeHHYIO KOM- 
CHHALHIO, a na o6yto. Conoctassienne spcex SJIEMCHT a PHDIX 
CHUMBOTOB CHPHAda (UMMYIbCOB) cTaBHT B COOTBeETCTBHe oMpe- 
ACTCHHOH = KOMOWNAWIIH ~~ CHMBOwOB OMHY — eAHHCTBeENHYIO 
Ne aK, 

Sakon COnOCTaRelHA 3adoxKeH# B CTpYKTYpe cesteKTopa. 
Jha toro uto6y CrO H3ME€HHTb, HEOOXOHMO BBONHTL H3Me- 
HCHHS B ero cxemy, 

Beskoe yerpofictao nogzo6noro Poa, KoTopoe, Nomyyne 
C@PHIO HIM KOMOHHAUHIO BXOHBIX CHrHaJIOB, BbIpabaTprBaer 
HOBbIH CHTHa.1 Ha BbIXOMe, B OCHOBe CBOCH CTPYKTVPBI H pa6Go- 
Tt HM€CT HCKOTOPHIT 3aKoN O6pa6orKH, COTOCTABJICHHA, B3alI- 
MOACHCTBHS BXOANDIX CHTHAaon, ATH, KAK TOBOPAT, asIrOpHTM 
npeoOpasonanng, 

[Ip kKoncrpyupopanun ABTOMATHYCCKHX ycTpoficTB casa 
MpeoOpa3soBallaa CHrHAaIOB cTaBHTCA 3aMava pealu3aunn 3a- 
AAUHOPO aITOpHTMa, T. @. CO3TaHHe CXeMbI MaUlMHbl, €@ CTPyK- 
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iypbl, horopasd OOCCHLCHUBATA Git ICOONO,LUMOe HH pCoOpagona- 
une. © 9THM ‘KpyromM BonpocoB BeTpCdatored KOUCTPYKTOp bl 
BEIYHCHTCADIDIX YerpolicrB, pCTCHNbIX KOMMYyTATOPOB H, 
B OCOBCHHOCTH, ABTOMATHYCCKAN WHMPOBBIX B_IVHCAHTE/IDNBIN 
MALIHH. O6bIUHDIM Ha3HayeHHeM TaKHA YCTPOHCTB ABAIeTCA 
pellenite MaTeMaTHYCCKHN, WT 14 IN@pPCBbIX  MALWHIT, 
MYUWIC CKA3ATb, APHG@MeTHYECKIN, II JOMHYCCKHX 3aslau. 
CTpykTypltbie CX€MbI PCIWalouix YCTPOHCTB CBAZAHbI CO cBOl- 
CTBAMH MepepaOorkH CHPHalOB aJIPOPHTMaMI HX llpeoOpa3o- 
BallHH. 

B wactosulee BpCMHA CyMecTByeT H WIHPOKO NPHMCHACTCH 
MUIOTO THNOB PeLIAIOWIHX YCTPOHC1B, OTIHYAIOWAXCA APYT oT 
apyra XapakrepOM H CAORKHNOCTHIO pemlaeMbIxX 3afay, HCHOJb- 
SOBAHHEM TCX HAM HHBIX QDH3HYCCKHX MpOUeccoB H, rlaBHoe, 
AAPAKTeLOM CHIHAOB, C KOTOPBIMH OFX padotaior, lio sTOMy 
TOCHeHEMY TIPH3HaKYy BBIMHCTHTCIBHBIC ycrpolictBa pacia- 
qalorca Ha BA COMHPHBIX Kmacca — ycTpOHcTBa Henmpepht.s- 
Horo JLCHCTBHA H ycTpolicTBa AMCKpeTHOrO Cera. [lepsuie 
padoTawT ¢ CHTiNaTaMil, HMCIOWHME HeMpepbiBHY!O CTPYKTYPY, 
BrOpble --- ¢ ANCKPeTHBIMH CHTHaTaMn. M3 9 Toro Mpitiiuini- 
VIbHOrO PAasNIMHA BbITeEKACT MHOLO PasIHYHii TCXHHFeCKOTO 
xapaKktepa H B yCTpOHCTBe, H B o6slacTsAX WpHMenennsa, Pas- 
NWYHA 3TH HACTOAbKO CYWLeECTBeHHbI, UTO OTIHCAHNE YCTPOHCTB 
HeMmpepbIBHOTO AeHCTBHA Hi yerpolictB §HCKpeTHoro = CueTe 
NOLKHO MPOBOAHThCA OTC TBO, 


BLUHCAHTebHbIc yCTpOHCTBAa HelmpcpbiBHOTO jeHCTBHA 


BuuucaitetbHbie = =yeTpolictga — HerpepbiBuloro jeHcTBHA 
HPHMeNAIOTCS HCKHOUNTCIBHO JL pelea Saau, CBABAIT- 
iIbIX C (PUBHUCCKHMH BeANYHHAMH, HO/LAIOUMIMHCA HaMepeHulo, 
T. €. MATEMATHYCCKNX 3a/1a4, PcaeMbla cpesweTBAMH apHdMe- 
THKH, areOpbl, HHTerpaIbiloro mucdepeiitdabHOro HCHHC- 
neu. JIOPHYCCKHX 3a/La TAakile ycTpolicTBa He pelllasor. 

Mr3guyeckag 3adqaua, Bepice, ee MaTemMaTHueckad HACadit- 
S41, HB0OpPAKaAcTcH B BHAC nndbe penuwasbuoro ypaBucds® 
NT CHCTEMBE AHDPC Neu aTBUBIX ypaBHeHHl. BaTem cTPOutes 
neKkoTopad MH3HECKAA MOAC AB, paboTa KOTOPOil ONUCLIBACTCH 
TOM IKE WUIPepcumAnadbUbIM YPaBuenHem Han TOW we cuere- 
Moi ypapncnHii, Ora MOAT CHYKUT BLITHCANTOTDHLEM 
YCTPONCTBOM, Takne yerpolicTBa acto MO3ITOMY HA3SLIBEIOT 
MONCANPYIOMMUMH. OGObIGIO (pH3HUCCKHe WpoweccHl, MpoTes ao- 
IILHe B MOAN, COBCPHIEHHO HDC, yCM B pelllaeMOH SaaHe. 
Uae Beero CTPOATCH ZICKTPHUECKHC MONCH; OAUAKO HIHPOKO 
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IPUMCHAIOTCH TAKKE MeXAHHUeCKHC, THAPAaBNyecKHe II Apy- 
rH MOJGJIH., 

Kaka usiueckad BerH4UNHAa, (PHrypHpyloulad B peulae- 
MOli 3afayue (Hanpimep, JasIpuocts, CKOPOCTb, BbICOTa, yroul), 
H306paxkaetesd Apyroii, cooTBercTByioulell ell BeEHUMHOM B MO- 
AC (HaNpuMep, yrvIOM NOBOpoTa Bawa, YHCIOM odopoTon, ia- 




















Puc. 7.1. K pewmenuio ,3aqaun BCTPeYH" CHaPpAa Hh CaMo.rera. 


/—HaCTOAIMee MOMOKeHHeE CaMomeTa; 2—6ynyuyee NomowKenne camonera i NOW1O7KeENnC 
TONKH paspbiBa CHapAAa; J—TOUKa pacnoO.lomeHHA Gatapen. 


ipsxkenvem). TIpefeint u3McHenMst H MacuuTa6bl BeAMUUH On: 
Oupalorca, HCXOAA W3 ycoBHH 3agauH. To, uTo IIpOHCXOZHT 
pH paOoTe MOeIH, MpeactaBIser co6oli MaTeMaTHy¥eCcKyWO 
aHaOrHiO HCXOAHOH MU3HYeCKO 3a1a4H, MOSTOMY peulatoulMe 
ycTpolicTBa HempepbiBHOro AelictBHA 4aCTO Ha3bIBaloT M a LUI H- 
HaMu-anHadoraMu. Kagan BeanunHa Moker NpHHHMaTb 
‘OO0C 3HAYeHHE B 3aRkaHUbIX Npeqetax un HeNPepBbIBHO Me- 
MATCH B OTHX MPeeTax; COOTBETCTBEHHO 9TOMY HeMpepbIBHO 
HSMCHAIOTCS! H BCJIHUHHBE B MO'L@IH, SBAISIOULNeCH CHrHadaMH 
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BC THU 3aaayun. TTpomece peeing satay Takoxke Wporekaer 
RO BPCMCHH HeMpepbLiBilo. 

Onnoli u3 nav6ollce MONYIAPHDLIX 342ayu, pelWlaeMbIX Ha 
MaQUEHULaGN-alaclOraX, ABAIMCTCH «3a1ada BCTPCUHy, PCLUecHHe KO- 
TOPOL HCOONOAUMC {LIT HaBC eH OPYHs Ha ABHAKYLULYIOCS 
IIb H HABCACHHS! HCTPCOUTGQIMn Ha caMoter mpoTuBiunka, JLo- 
HVETHM, UTO Hae HUTepecyeT TOADKO BCAHYHHa MOJeTHOrO Bpe- 
MeHH cHapsa 7, KoTOPOe CUOAKUDIM OOPa30M 3aBHCHT OT Hak- 
OHO jaeibuocTH Ro yio TOURH BeTpeUH Cilapsla Wt TCcIH. 
Ecan uedb Uaxomired B TOUKe ¢ KoopsunaTaMu x, yy A 
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Puc. 7.2. Yupoueunai cxeMa BbIMCIUTeAbMOre yerpotietba Lpudopa 
YUPUBACHHA apTLlepHHCKUM OPleM. 


(B weKkaproBoli cucTeMe KOOpANHaT) HW uMeceT COCTAaBIAIONMe 
ckopoeTH X, y, TO, cnyera Bpema 7, ona OyAeT HaXOMHTbCs 
B TOUKC 
Ny == NET X; yp ==y-ETy; == ih, 
JI ONpeAecleHlia KOOPMHAaT TOUKH BCTpeud V1, Yy WH Bpe- 
Men 7 neo6XOAHMO pCliTb cHcTeMy ypaBHeHull 


ie ; ; ee 
R=V (x-E ATPL tyler’, 
T == F (R), 
rae F(R) 3akacres GadluicTHYecCKHMH TaOaHaMH. 


Bo3sMorkHad CX€Ma BLINHCIATebHOFO yeTpolicrBa NpHoopa 
ypap.1cHia apTorHeM mpHBesena Ha pic. 7.2. Tekyulne Ko- 
OpAHarbl WwedH xX, y, A (fh ocraeres HOCTOAHHNOH) BBOANITCA 
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HCHPeCPbIBHO 'B BHAC YCJOBHBIX CHIN@IbUbIX BCJIMYHH OT H3ye- 
PHT@.IBUBIX YCTPOHCTB (paHOwloKaTopa, aIbHOMepa). Ko- 
OPANHAThE ¥ H Y AnpdPepenynpyiorcs wu yMHOxaloTcA Ha T, 
hOTopoe satacrcen cilenaulelt cuctemoli. Jlamee kK mpon3Bene- 
Usim XT, yT npuOaBisiored TeKyumie KOOPAHHATbI ¥ HOY, HW 3a- 
TCM TPH MNOJYYeHHbI€ KOOPAHHATLI «ynpexKAeHHOly TOUKH 
PCOMETPHYECKH CKabIBaIOTCA (OMpelesIAeTCA MHAaroHadb Tla- 
pamtterenuneta KR); To Beluunne R onpenenserca T’, koTopoe 
NO7AaCTCH Wa BXOT C1eAAUleli CHCTeMbl; BeHUHHa T ¢ BbIxota 
CTCAAMLCH CHCTCMBI, KAK MbI y2Ke TOBOPWIH, Moxaerca B BHI- 
NHCITCIBHOe = =ycrpolcTBo, TlockoubKy cleqaulaa cHcTema 
NHENPEPbIBHO TOMepKHBAeT PABCHCTBO BXOAHOFO HW BbIXOAHOFO 
curHatop T=7’ (no OKOHYaHHN HayanbHoro MepexoHOro Mpo- 
ecca), BbIXODHbIC BeEAMUME Xx), 41, 7, aABIMIOWLeCR pe3y.IbTa- 
TOM PeCUICHHA 3aauH, TaKKe NelpepbIBHO BbULAIOTCH, ecw 
TOABKO Ha BNO WO1aIOTCH TCKYMIHE KOOPAHNATHI ICT. 

JLIsl PCatu3aunH UpuBexenHnoit B atoy rpyOom onvcaHHnn 
CXCMDbI HaM HYKHBI YCTPOUCTBA, CNOCOOHBIC MPOH3BOAUTb yKa- 
SaHHbIe B KBaAparax cXeMbl MpeoOpasoBanun: muddepenun- 
POBANHE, YMHOACHHE, alreOpanyecKoe H FCOMeTPHYeCKoe CyM- 
MHPOBaHHe, GYNKUMOHAIbHOe MpeobpasoBanue, HHTerpupo- 
BaHwe HT. 4. Becb apceHan cpexcrs, clyxalux mia TaKoro 
pota mpeoOpasopannit, B HacTOAee Bpemsa Xopomo paspa- 
OOTal IA BbIVHCIUTCCIDULIX YCTPOHCTB PaBSJIHYHDIX THTIOB:! 
MCX@HHYECKHX, XICKTPHYECKHX H Ap. 

Kaxk0e BbIMHCTHT@TbHOe ycrpolicTBOo THNa Moaest-aua- 
Tora HPHCNOCOGAeHO WIA PeleHHA TObKO ONHO!i 3agauy. H3- 
MCHCHHE 3a2@uH BJleucT 34 COOOH H3MeHEHHe KONCTPYKUYH 
MOLETH, UTO NPAKTHYCCKH BBINOJIHHTb H@IerKO, OCOOCHHO B Me- 
NAHHMCCKHX MOedAx. TOUHOCTh NOuMyYaeMbIX B pe3syuJibTaTe 
PCLICHHA BeJHYHH OObINHO HEBC.IHKa, OLWHOKa CocTaBJaer He 
Menee 0,1%,B ayuunx cayyasx. Bee y3uibl H eta M@lIvHbl 
LODKHbE BHINOHATBCA C BBICOKOHM TOUHOCTbIO H NOTOMY OHH 
QOpork H TPYANO BBINOJIHHMBI. 

YOOcTBOM B pa6oTe c aHaJOraMH ABMACTCA TO, 4TO BXO- 
Hbic AaHHbIe Ha HHX MOMKHO MOJaBaTb MPHMO C H3MePHTelIb- 
HBIX YCTPOHCTB, COrlacoBaB MaculTaGbl, 6e3 ClOKHBIX poMe- 
AYTOUHBIX MpeoOpasoBaHHi, a BbIXOAHbIe — HeENOcpencTBeHHO 
HCHOVIb3OBaTb WIA YyilpaBeHHA OObeKTaMH (HallpHMep, opy- 
AWAMH) B KayeCTBe BXOMHOFO CHrHada CHAOBOM mMepenzayi. 
[lostomy uae BCero BHIYHCIMTebHbIe ycTpolictBa Henpe- 
PbIBHOrO MeHCTBHA MPHMeHAIOTCH B CHCTeEMaX aBTOMAaTHUe- 
CKOPO YyIIpaBJICHHA, re MPHXOMUTCA pellaTb Ha aHHOH MoO- 
AIH TOJbKO OJHY 3afayy, 
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Puc. 7.3. Tpumepst DyHKUMOKATbULIX V3.10B CHCTHO-Ppelalouuix YeTPONCTB. 


1- CYMMNPOBAHHE MCXaHHtecCKHX nepemeupoHnf; 2—an4] de penmHnay Oo lil bec epee 
nosepota),; J—CyMMHPOBAHHe S-TEKTPH'TCCHIIN Hil pA MeCHHH Ha i sien tle 
MHDOBAHHE BICKTPHUECKHX HANPAKCHH B TAMNHOROM CxeMe; ms aaa oes Bia 
HH3M; 6—TNePeMHO2KeHHe C MOMOULBIO HOTEMMMUOMETPOB, 7—9KCCHTPHKORDI sie mS 
(3amanne Pyhkuul OT OAHOrH apryMenT2?); §—pyHKUACHaAbBIA eee Dp; 
9— nUddepeHIpyioulad aAselfiKa; {O—WHTerPHpyh Ulan A'NeHKa. 
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PYHKUHKOHAMbHas CX€M@ MOZe@I He Onpewelsetca OHO- 
SHANHO CHCTeEMOH ypaBHenni 3anaun. Onny u ty xe 3anauy 
MOAHO pellath Pa3snunpimy HYTAMH Ha KOHCTPYKTHBHO pa3- 
IHUHBIX MOseAX, NOCTPOCHHBIX NO pa3aquuniy yHKUHO- 
HaJIbHBIM cxeMamM. Maumupr c Pa3THYHBIMH CTPyKTYpaMu Mo- 
'yT, TAKHM O6Pa30M, BbINOJHaTE OAHHAKOBYIO @YHKUHW. O6- 
PaTHOe ANA MAaUIMH-anasorog HEBCPHO: OMpeqedeHnag cxema 
MOXKeT pelllath TOIBKO OMHY MatTeMatTHueckyio 3alayy, T.e, 
BPINOMHATL TOMbKO OHY (PYHKUAIO. | 

Bo Bpems pemeuug 3a4lauH MalWuva-mosew, HCUPepblBHO 
oTOOpaxkacr Texyitee COCTOANHE Lpottecca, OTHOCHT@IDHO KO- 
Toro copMyMpoBana 3anaya. Buytpu Moneau xax Obl Boc- 
TPOHSBOASTCH B BHAe CHTHAaJIOB Bce CYIMECTBCHHBle 19 peure- 
Hat 3aayHn CTOponn Tpollecca, Bea MOesHan Jig peweHHsA 
HHMopMauus, IIpu stom dusuyeckag CTPYKTYpa Hu cocrosHHe 
MOACTH MOFYT HE HMeTb Myero o6ulero ¢ OTOOpPaxk aemMpIM 
Mpoweccom (Kpome H30MOpuolt cBA3H coObITUd 1 CHrHawda), 
Ecain Mojeap CKONCTPYHPOBaHa H 3anyutena APaBH.-IbHO, TO 
OHa act NpaBHJbublli oTBer B toy CMBIC®, YTO CHANDA, Bpl- 
NYMCHHBUL B COOTBeTCTBHH c¢ PaCCYHTAaHHBIMH BCTHYHHaMy 
Y‘TaHOBOK OPYAMA, TOUHO HAN NouTy TOYHO NoNaslaer B Westh. 
Ha stom Mo yOexAaeMead B NpaBHabuocry YTBEPXjeHHA O06 
H30MOPMH3Me cHrHasion Ht CO6bITHH B AanHoy c.lyyae, 


TepMuubl «npapicibnoerpy 7 <TOYHOCTb® He paBHo3Hauiipi. 
Tounocth (nan OOparnan elf BCHYHHA—OWNOKAa) Xapaxrte- 
PH3ycT A onyck B ompenejeHun HCKOMOT BeJIHYHHB! (BMecTe Cc 
BCpO@THOCTbIO 9TOrO nonycka). TIpaspyapuocrp COCTOUT B Tom, 
WTO HCTHHHAA (pealbiasd) Beanuuna 1 BeJIMYHHAa, NoyueH- 
Hat C mpeo6pa3opanuamu CHTHATa, COBNaTyYT B mpesemax 
AONYycKa., 


J\uckpetupi cyer 


Du3snueckad BeTHYHHa Moxer 6yTp CONOCTaBeHa He 
TOUIBKO C Apyroh usnyeckolj BeIMUMHOH, HO H BbIpaxkena 
THCJOM, 3aMMCaHHbIM B ONnpewelenHHolt cucreye CUHCJICHHA B 
BHAe pAa YCOBNBIX CHMBOJOB. JI 93Toro W3MepHemaa 
PETHYHHA CPaBHHBaeTCH c HeKOTOpOl eHHnuell H3MepeHHaA 
H B pe3ybTaTe CpaBHeHHA TosMyuaerca YHCIO, YMHOXKeHHOe 
ia CAHHMUY, HMCIOULYIO pasMepHOcTD usnyeckolt BequunHE. 
4HHCIO 3anucbiBaetcs B BUTE Pata CHMBOJOB—ndp, pacno- 
TOMEHHBIX Ha ONPeACIeHHBIX MecTaX—no3HUMAX. Kak an 
TOSHUHA COOTBETCTBYeT PaspALy H MpHaaer crosutelt B oToM 
a3PAte UNDpe onpekeweHnbli Bec. B noBcemectuo npHMe- 
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HaeMoll AecaHTHMUOf cHeTeMC CUHCICHHA Weld, BbIPAaxaeMble 
WudpaMi, CTOAULUIMH B COCEUINX  pa3sps-tes, OVIHYAIOTCA MMO 
BeuuHHe B 10 pasa. — 

Tax uncno 325 pasio 3-10°+2-10'+o- 10°, Uneso 
NECATb SIBJIACTCH OCHOBAHHeM eCATHUNON CHCTCMDI cunicae- 
wug, B 9Toll cucTeMe B KaxkKOM pa3spAe MO*KCT CTOATb eae 
H3 JECT BO3SMOMKINDIX CHMBO.TOB 12:3 -4.5,6,1,9,0 1 0. T1pu 
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Puc. 7.4. Ha06paaeuue wiced y MLleMcHun Malis. 


MCPCUNCICHH MOCCLOBATC-ABHO BOSPACTalOULNX UHCeL CHM- 
eOJlbl MCHAIOTCA B YKa3aHHOM NOpAAKe, H MO Serco 
WuKJla, Ip mepexose oT 9 K 0, MeHACrca CHMBOA B COCeAHC! 
cleBa paspsre. | | 
Jru oOuleHsBecTHble MpaBiia Mbl NAaNOMMHAN Ald Toro, 
“TOOL BOCHOAb30BaTbCA MMH AA ApyrHx CHeteM CHHCACHHAL 
OTJWYAIOUNXCA TEM, YTO B KayecTBe OCHOBAHA b ear seces 
ayetcn He 10, a Apyroe YHC.10- 0S VOL 20 Tek eel a 
M3 TAKHX CHCTCM CUHCeHHA TOJYaHM 3a nocwe duce suas 
6onbuoe pacmpoctpanecive. Bee 9TH CHCTeMD! ieee 
APHTOJNb! AIA MPaKTHUCCKOTO HCHO.1b30BaHHA, HW IIpHMe 
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TON HAW HHO u3 UnX ONPCACIACTCH, BO-ICPBIX, MPHBbIYKOTI 
H, BO-BTOPBIX, H€KOTOPBIMH TeXHuyeckuMH VU00cTBaMH. Tak, 
HaMpHMep, OOULENPHHATAN Recstuunag CHCTCMa HMeer ini, 
BePHeC, HMCla Bo NaleKOM HPOuRIOM To IPCHMYLCCTBO, uTO 
TaJIbUbl ABYX PyK NpeACTaBsH co6oli YXOONyIO «cyerTiyio 
MalIHHy>, BCerda HaXONAMLYIOCH B PacCNOpAKEHHH BLIVHCAH- 
TCI, KOTODBIH MOP Lantble 1060;3 MPOCTOH 3a.a4H «NO Natb- 
aM mepceyecrb», 


OryacTH coxpannauch go HaCTOAUCrO BDCMeHH H JLpyrue 
CHCTCMBI CUHCJICHHS: CueT JIOKIHAMH Y rpoccamu (yogeun- 
MaJIbIlast CHCTemMa, OcHOBanHe-—12), cuer ulectbio necATKAaMU — 
MHUYTHI, CCKYHIbI IPH ucuNcC.eHHH BPCM€HH, Yribl B rpamyc- 
HOH Mepe (rekcaresHmMadbuag cucTema). 

Y mpesyero JOM HOAMCPHKAHCKOTO MleMeHy Hittenucs Matis, 
fC 3HaBMIHX OOyBH, CY¥eT BeuICg Nf ICHOBaANHH 20 mo oyeBH- 
HbIM MpHYHHaM. CuymBoutol, YNOTpeOAaBuinecA is salen 
Paspsta, NPAMO yka3biBaloT Ha HX NPOHCXOM1euHe (Nanpu- 
Mep, UHCIO 7 — pyka Ht ABa Natbia). Myrzppre sziowazu «TP yHHb- 
AHDAMbI>, B TOCYLapCTBE KOTOPBIX rocTHt repo JK. Caucdbta 
yep, HaBePpHOC, MOMKHDI ObWIH Obl NOMb3GBATbCA ABOHY- 
fbBIM CH€TOM, TaK Kak BMeCTO YemOBeUeCKHX ACCATH NacIbUeB 
BUX PaChOPAxKeHHH ObIO TOIbKO 2Ba KOMbITA. 


B TIO6OK CHCTCM€e CUHQICHHA NO3HUHOHHAS 3anHeb UHCI 
IiMeeT BHI 


A304) Qy, 
ITO O3Hayaer 


a30° + asc? Faye! + aye®, 


Ae C—OCHOBAHHE CUHCIICHHA, Ao, Q1, G2, G3...—O2HH H3 B03- 
OSMOMHBIX B Pa3spAe CHMBOOB 0 Sa,<c, o3nauaiouiiil 1Le- 


fO€ YNCIO CJIHHHLL, 


B ra6s. 7.1 npupogsatca nag CPaBUeHHsA 3anHcH ONHX H 
CX 2K YHCE B Pa3sJIMUHbIX CHCTeMaXx CUNCJleHUg. 

BBowa pa3spaAabl cmpaBa otf 3aNATOH, MpeAcTaBJiaioune 
OJIH CRHHHILbI, Mbl MOMKEM 3anHCaTp JOO yto0 BeJIHUHHy C 
lo60H 3afaHHol morpewHoctbw B BHAe paka MHCKPeTublx 
UMBOJIOB, T. €&. B BHe pa3spxaaqHOoro MpencraBseHna uncaa. 
aKHM OOpa3oM, HenpepbiBHan (bu3H4eCKan BeNUNHA Moxer 
bITb H300paxeHa B BHNe curHata AHCKPe€THOH IMpHpPOAbI. 
CaJIBHble Wpeo6pa3soBpanuA usnueckHx BerHUnH NOJLYY aloT 
30MOp(Hoe oTo6paxkenne B nelicTBHAX Hag CHMBOJIAMH 3a- 
ACH 4MCJa, MPOH3BOAHMBIX 10 OnpeweeHHEIM NpaByJaM. 

171 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Taodauta 7.1 


TaOavna CpaBHeHHa 3anHCH YKCe B pasTM4HLIx CHCTEMAX 








c4uHCc J€HHA 
JlecatrH4u- 
Hast H.1H Bochuupu't- T pon una 3 a 
Renu wadb- | Has IIH OK- HH TpHHap- Jlwouna a [py ACC ATHNHAR (pi3{ ALLbI 
Haat (OC- THLuAn naa (ocnopa- | HH GuHAapHa A JCCHTHUNbIC, UHC.14 B 
Hnosanie | (ocnonanHe &) ye 3) (ocuoBante +) paspawax ABOHULLIC) 
10) 
0 U \) \) QUOU 
| l l | VOO] 
2 2 2 LU 0010 
3 3 10 L | QO] | 
4 4 Li} 100 OL00 
5 is) 12 101 O10] 
) 6 20 110 QL1LO 
7 4 21 eG Ol} 
& 10 22 1000 1000 
9 11 100 1001 {001 
10 2 101 1010 YOO] O00 
11 13 102 1011 0001 O001 
12 1 4 110 1100 VOO1 CO10 
{3 fo 111 1101 OOUL OOF 
1-4 16 Li L110 0001 0100 
{5 17 — 120 ane YOO! O101 
16 20 121 10000 COOL O11L0 
17 2 | [22 10001 OOOT O11 
18 22 200 10010 QOO1 1000 
19 23 201 LOOT OOOL 1001 
2U 24 202 10100 0010 Q000 
21 25 210 JO101 Q010 O00] 
30 36 1010 11110 0011 GOQ00 
50 62 1212 110010 0101 OOOO 
100 144 10201 1100100 GO0L COCO GOLD 
1000 | 1750 1101001 1111101000 0001 0000 O000 Q00O 


BeIyHCAHTeAbHbIe YCTPOHCTBA AHCKPeTHOTO CHera 


CHMBOJIbI, IPpHMeHAeMble JWI SaNHCH UYHCJa, HE o6s3a 
T@bHO JOJ2KHbI HM€Tb BHA 3HaKOB, HallHCaHHBIX Ha OyMare 
KaxkdOMy H3 3HaKOB MOXKeT ObITb NOCTAaBCHO B COOTBETCI 
Bue HeKOTOPGe COCTOAHHE (pusH4eCKOH CHCIEMbI C COOTBETCI 
BYIOWWIM YHCIOM creneneli cBoOcabl. Tak, Kaa2oMy CHMBC 
ny-unippe Mower COOTBETCTBOBATb  YHC.TO OTOAECHHDIX H 
KOHTOPCKHX CueTaX KOCTOWeK, HarwKaTHe OOP Hy KelaBHI 
-yeTHOH M@LJMHbI, MOBOPOT BaJHKa C PHKCATOPOM Ia HECKOJIL 
KO cTyMenell — «Lie1uKOB» HOT. J. Cuetibie yeTpolicrza HMeIC 
pH 9TOM CTPYKTYPY, COOTBEFCTBYIOILY1O HPHMCHACMOH CHCT 
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ME CUHQICHHS: OHH HMCHOT paSpsiibl w B Kadt{om pa3psxste 
HUCHO COCTOSHHH, PaBHOe OCHOBANHIO CcuHCTeHHA. Bee 9to 
COBCPIUCHIO SICHO BUANO Ha KONCTpyKiLMH KOHTOPCKHX C4eT. 
ToT 2Ke MpHHUnn JexUT B OCHOBe’ MexaHHyecKux CYUCTHBIX 
MINH. 

Bao HCO B APHPMOMETP WAM OTKAAAbIBaA ero Ha 
CyeTaX, MBI leaeM, MO CylkecTBy, TO %Ke, YTO H MpH 3anucn 


ear (| ( 
Aly, ses 
a 


=a t Y Pee 1000 









Puc. 7.5. Kontopekue cuerit. 


YHC.Ta Wu@pama Ha Oymace. TowbkKo Te xe nelleTBHA MbI BBI- 
PawaeM APYTHMH CHMBOAMH B Apyrom (bH3uyecKom a.rda- 
BHT, 

Boriicstsis Ha OyMare, Npon3Bors, HalmpHMep, CJlowKerne, 
MbI lO ABYM 3anHCaHnbIM CTOJIOHKOM WHdpaMm, Mo.1w3yscb 
«TAOTINICH CJIOKEHIIAY, BbIVYCHHON HAaH3YCTb B IUKOWe, ompe- 
ACIACM TPeTbIO H 3aTMiCbIBaeM ee B CTOJIOHK NO caraeMbIMt, 
EcaM HyXHO, MbI N@pCHOCHM CAHHULLY B paspan calepa. Byk- 
BaJIbHO TO Ae CaMOe Me1aeTCA HB APH@MOMeTPe C TOM JHIUb 
PA3HINCH, UTO «<TaOMHWa COKCHHAY ye COMCPKIUTCH B KOH- 
CTPYKILHH KOJIeC APH@MOMETPa BMeCTe C TMpaBHomM mMepenoca 
CHHAIUb B cTapluHui paspsa, AmroputM caoxKeHHA MBI He 
HOWKHbE ACpKATb B TO0OBe H MNPHMCHsTbh ero no o4epen 
K K@KAACMY Pa3psLLy; OH ABTOMATHYeCKH BbINOMHAeTCA apudp- 
MOMCTPOM IIPH MOBOPOTe PVUKH, TAK KaK OH 3a.0KEH B KOH- 
CTPYKIUHO APH@MOMCTPa. OTO 303MO%XKHO MOTOMY, 4TO apud- 
MOMeTD HM€CT JHCKPeTHLIH PA COCTOAHHH, A3MCHEHHA KOTO- 
PbIX CBAZAHLI APY? C APYPOM Tak Ke, Kak CBA3aHbI CHMBO.IDI 
B Pa3pALAX CKMANLIBACMEIX WHCeT, 

XOTH NPHHMHMNATbDNO 31CCb RCe MpelcTaBAetca Mpesetb- 
10 NPOCTHIM, HSOOPCTCHUec MeXaAHHUeCKOFO CYMMATOPa ABHJOCH 
3 CROC BNEMS BEINAIONLHMCA JLOCTHXXCHHEM YeTOBeueCKOH MBIC- 
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JH UE COCAYANELTO TCOMCHHMVIO GIYAOY PasBUTIO TONUHKE Ui 
HayKH, 

HMipkctepHire 3a1auH CO3 Tain CUCTHBIX Malinn, CBO.AAICH 
B HACTOAIULCC BPEMSI HE K MOHCKAM IIPHHILMMOB OCYUICCTB-ICHHA 
AITOPUTMOB apHdpMeTHYeCKHX elCTBHH, a K HayTyulleMy 
BONAOULCHHIO 9THX APHNLWUOR WH CO3TaHHIO NWaH.TyyWIHX (1po- 
CTDIX, YAOOUDIX, J[CLUIeBLIX) KOHCTPYKHHH. 





Puc. 7.6. CymMupyiounil MexanusM apnipmomerpa (,kKo.1eco Canepa"). 
{—BbIABIUKHbIC 3V6ULIT; 2—CHHILA JL10 YCTAHOBKH YACa, F~—NPOPe3b, BHIBOARILAA 3YOLb! ] 


nBePX Np moBopoTe cuMmbl 2; 4—Ban; S—pyuka; 6—cueTuHk (pit HOBOpOTe PIKE oO 

cuelTgHK 6 nopopauHBaeTCH Ha TAKOe UNeCIO Z3YHUOR, KOTOPOe COOTBETCTBYCT UNC.AY 

RbIBCACHHLIX BBEPX 3YOIL0OB 1 KOseca; UPA MHOrOKpaTHNoM wWoOBOpOTe B CueTYHKe OTK 1a- 

Abinaerca CyMMa); 7—pykoarTKka c6poca (ycTanoBKa CLelunKa HA HY.1b); 8&—AONC.IHH- 

VOUDUBI 3Y OCI JLT MCPeC QU CAUINAILDE B COCeC AHH Cea PASPAA TP We Penrose HIT 
CUOTUMKA. 


B nactTosulee BPCMSA M@XaHHNecKie CUeTHDIC MalWHIbl AaBTO- 
MATHUCCKH CYMMHPYJOT H BBIUHTaIOT, MHOMKAT, AeIAT WH NCda- 
TaloT HA AcHte pesyAbTATH BHIVHCeNHH. Banc HTeIb, paoo- 
Talo Wa Mamie, He oOa3an GoOTLNIe NOMNHTh TaGJHILbl 
CHOMKeHHA H YMHOUKCHAS; HX OLNAK Ab! 3a-10%KH.T paspaooryuik 
B KONCTPVKIWNO MAUINHbE. B OOs3aNNOCTH BBINHCTHTC.TT BXO- 
ANT TCHCPh TOIbKO BBOJUITD B MAIHITY HCXO/MIbIC  7LAMTIDIC, 
BKINONATH HVIKHBIC ONCPANHH, (UKCHPOBAThH PC3yAbTATbI BHI- 
UHCACHHIL H BBOAHTb HX CHOBAa, coOmoNan o6ulylio WporpamM- 
MY PeCHICHHA 3anauH, 
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Puc. 7.7. KaaBulWHble BIYHCAHTeAbHbIC MALUMHB,. 
a) apHpMOMeTp; 6) asTomaTuHueckan BRIIHCJIHTCJbHaA Malina. 
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CyeTHO-@HaQJIHTHYeCKHE MaWUHbI 


Duos, AduubIS B Maulnily H Hepesqaua uX 3 OAMOH Maifill- 
HbI B JpyrylO MOryT ObITb TakxKe aBTOMaTH3HpOBaHbl. Uarne 
BceroO 9TO AedlaeTca C NOMOLIbIO NepPoOpupoOBaHHbIX KapTOYCK 
HIM Jet, Lleppbokapta mpecrapser co6Ool kyceK TOHKOrO 
KAPTOHa CTalapTHOH (POpMbl, Ha KOTOPOM MPOOHTHI OANIa- 
KOBbIe€, HO Pa3JIWUHO PaCNOJIOMKeHHbIe OTBeEPcTHA, OTBepcTHs 
MIpOOnBalOTCH TOIbKO B OlPeAeJIeCHHbIX TOUKaX KaPTOUKH, pac- 
IOJIOMKECHHDIX B BHUE NPA@RHJbHOH MPAMOYFOJIbHOH CeTKH NO 
cTpoKaM H CTON6WaM. Hauune uu oTcyTcTBHe MpoOuBKu Ha 
JIAHHOM Me€CT€ KapTbI MOXKCT YycJOBHO O603H44aTb TY Hell 
HHYylO WHdpy, 6yKBy WH Apyroh cHMBOJ, []po6uBku Ha Kap- 
TOUKAX MpeIcTaBAlOT COOOH, TaKRM OOpa30M, CHrHad, Necy- 
HLWit TY WIM HHYIO HH*PONMALHIO B COOTBETCTBHH C NPHHATHIM 
KOIOM, a CaMa MepdokKapTa co BCCEMH BO3MOMKHbIMH MpCOuB- 
KAMH WpeacraBader co6oli AMCKpeTHbIH apaBur. 

BEIMHCANTeIbuble ycTpolicrBa, paOotaioume c MepdoKap- 
TAMH, HocsHT oOujee HASBAHHE KCUCTHO-AHaMHTHYECKHX MallHH>. 
B uyelo HX BXOJLIT Mall hbl pa3.-THUHOrO Ha3HayeHHA: 

«nepopaTop» —- JLIt waseceHia BpyYHyo mMepmopannii 
Ha Ka@ptpl, 

KCOPTHPOBKa» (COPTUPOBOUTAA MalUHa) — pack1aTpIBaro- 
MLad Tpynny KapT Mo pasHyUbpiIM KapMaHaM B 3aBUCHMOCTH 
OT HATHA MpOOMBOK B TEX H.1H HHbBIX MecTaXx KapTbl, 

«KOHTPO.1bHEAK> —- JIA TIpOBepKH MpOOHBOK, 

«HTepMpercp» — paciIMppoBLINK, MeTaTaroulyH = TeKCT 
c nepokanrn, 

KTAGY.ATTOP> — OCVULECTBASIOULHE MOACHET KapT, COKE 
H BBIUNTAHIe JAHHBIX, MPOGHTLIX Ma KapTax, HN MpoOUBKy pe- 
3YIbTATOB, 

MHOOKUTCIbHbIT 1 BHIYHCIHT@JIbHBIET TepdopaTopbl — Bbl- 
HOWHAIOULNe §=CTOXKCHHC, YMNOKeHHe, BHITTaHHe HW AC TCIUTC 
MAHNbIX, MPOOHTHX Ha KApTaX, W MpoouBaoulhe PC3sydbTaTHl 
HT. J. 

CynlectayeT MHOro THMOB TaKHX MatlHl ¢ Pas.THYItbI MH 
OcOGEHHOCTAMH KOHCTPYKUMH, PpaA3IHYHOH CKOPOCTbIO HL 
pasHYHBIX oOnepanHi. Bo MNOPHX MallnHhax H3MCHCHHEM 
BUYTPCHHHX COSAMIICMIIE -~ MepeKAMOTCHAeM Ta KOMMYTANHON- 
HOH LOCKE n3aMenmercs UX cxemMa iH (YNKIINH, KOTOPDIc OY 
BHIMOTH SOT. 

Pa6oTa MAUL OCHOBSHa Ha TOM, YTO NPOGHBKH Ta BRC- 
ACHHOM B MaIHny Kapte okasuiBaloT Ha Me@XaHW3Mbl Mauldin! 
rakoe Ke feficTBHe, KAK HaxkaTHe KARMA BAA BETONCHHE 
Kontakta, TIpH "poxoxkK 1enwH KapTouKH Bo MaTIriite CKBOSH 


176 





sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


OYKBEHHOFO TeKcTa, 


H 


cal 
— 


3 alli 


OHBOK JJA 


Pall 


. 


Mp9 


Puc. 7.8. Tlepsoxapta c Hanecenue 
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Puc. 7.9. Cuetio-anaduTHuecKie 
MAlLHHbl. 


a) nephopatop CAM; 6) KOHTPOABHAK 
CAM: 8) neppopatop I]1-45-1. 
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6) 
Puc. 7.10. CueTHo-ananuTuyeckue MalllHHbl. 
a) coprupoBKa CAM; 6) Ta6ynatop T-2, 
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poOHBKY JIHOO MpoBalMBaercn LULYT, JHOO 3AMbIKaeirenH WieK- 
TpHYecKHH, KOHTaKT, TaKHM 009430M, a3TOMATHYCCKaA Mojla- 
Ua KapTbl PaBHOCHJbHa BBOAY AaHUbIX Ha KAaBHAaTyPy. 

CyeTio-alaJluTHyecKHe MaUINHbI OcBOGOKAawT ollepatopa 
elle OT HECKOJbKHX OOn3aHHOCTell. OHH CHOcOOHbE aBTOMAaTHUe- 
CKH PeFHCTPHPOBATb HH@OPMallHio HW CaMii Ce CHHTbIBATD, xpa- 
IKiTb HH(pOpMallM10, BECTH NOACueT, COPTHPOBATb KapTbI NO iaH- 
HOMY IIpH3Haky WIM pay NPH3HakoB HT. A. [lepefaBand KapTbl 
H3 OHO MALIMHbI B Zpyrylo, MOXKHO, He BMCWHBAACh B XOA 
pewIeHHA, NOMY4HTb NOAHOe PeuleHHe CAOKHOH 3amaun Cc OOb- 
UHM UHCJIOM HCXOJHbIX AAHHBIX. 

Bo3MOXKHOCTH C¥YCTHO-aHaJIMTHYeCKHX MalIHH He Opal: 
UHBalOTCH, T2KUM O6pa30M, TONbKO apHMeTHueCKHMH meli- 
cTBHAMH. CpaBHeHne, Bbi6Op Mo NpH3HakaM, COPTHPOBKa A B- 
isioTca y2Ke Ha AapHMeTHYCCKHMH, a JIOTHYCCKHMH onepa- 
ILM AMH. 

Oco6eCHHO WHpOKO HCNOMb3yIOTCH CueTHO -aHaNUTHYeCKHE 
MaIUHHbI B OnepaluaAx G6yxraiTepcKoro = y4era. OjHako OHH 
HaXOAT MpHMecHeHHe H B PpeLlieHHH Hay4HO-TeEXHHYECKHX 
3a nad. 

CuetHo-alaliTuyeckie MalluHHbl MOryT HpOH3BOAMTb BbI- 
UHCJICHHA CO CKOPOCTbIO MOPAAKa THICHUA YMHOKEeHHH LWecTH- 
BHaYHbIX WHCedl B aC; COPTHPOBAbHble MAWIHHb! MpONyCKarot 
oxoo 500 KapT B MHHYyTy. Bce ofepallui, MpOW3BOAMMDIE C T10- 
MOILbIO Tep(oKapT, MOXHO BeCTH H C nepow.eHTOH, YTO B PA- 
ne caydaep yqoOuee, TaK Kak JICHTy Npolle NOLaBaTb B Ma- 
WIHHY. 

[lepomenTb Hw MepdokapThl Cély#KaT AMA o6pa6oTKH 4 
XPaHeHHA He TOMbKO HCE, HO M APYPHX BUAOB vudopMallun, 
HallpHMep TeKCTA, YCJIOBHbIX o6o3HaveHHll HT. 1. GTO CHJIbHO 
pacuiupHer O6JacTb HX NpHMeHeHHA, ; 

B KOHCTPyKUMH KapTOuKH OTPakaecrcA NOSHUMOHHAA cucTe- 
Ma 3annucu. Uncno mpo6uBaetca Ha Het NOpaspxAAHO. B Kax- 
MOM pa3pAte MO3SHUMA NpOOMBKH COOTBETCTBYCT undpe, Ilep- 
(pokapTa, W3s00pakKelHad Ha PHC. 7.8, HCHOIb3yeT MecaATHu- 
HyIo cucTemy cuHcyennaA. MovkHo NOAb3OBaTbCH H pyruma 
CHCTeMaMH, HallpHMep ABOHUHON. 


BpictpomelictBylollne QIEKTPOHHble BbISHCMTEADHBIC Malu HHbl 


CopepuleHHo HOBLIM 9Tan B OOpadoTKe AMCKPeTHbIX CHrHa- 
JOB Ha MaLJHWHe HaCTYIW C MOABJICHHEM SJICKTPOHHBIX BBIMHC- 
JHTe@AbHBIX MaluuH. B STHX M@WHHaX CHIHad AHMET cbopMy 
9JICKTPOHHBIX HMIIYIbCOB BECbMa MaJIO MpOLOMKUTCABKOCTE 
(nopayka 1 MHKpoceKyHZbl, T. €. 10-§ cekyHAbl). TakoBo x6 
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H BpeMA peaKUHH CX€MbI. ITO B MeCATKH H COTHH TbICAY pa3 
Kopoye, ¥EM BNCMA PAOOTH MEXAHHUECCKHX PHMarOB WAN I-TEK- 
TPOMeXaHHyecKHX pete. COOTBeTCTBCHHO BBIILe WH CKOPOCT 
BbIdHCeHHM. CoBpeMeHHble 9ICKTPONHble MallMHBl cMoOcogHb! 
NPOW3BOAHTb BbIYHCeHUA CO CpeMHeH CKOPOCTbIO 5—-7 THICAY, 
a HeKOTOpble H Wo 20 THICAY ONepallHH B CeKYHAy C ACBATI- 
Pa3sPAAHBIMH JECATHYHBIMH YHC/aMH. Ucnobp30Bahve dpesBbl- 
ualiHO THOKOM H GoraTol 9JIeKTPOHHOH Te€XHHKH OTKPbIIO HOBHIC 
YTH WH HACTOJbKO WHpOKHe MePCcleKTHBb! NPHMCHCHHST BbINITC: 
JUT@JIbHBIX YCTPOHCTB WHCKpeTHoro cueTa, TO 06 3Tom Ture 
MALU ClemyeT CKa3aTb HeECKOJIbKO noszpobuee. 


, 325. 





Puc. 7.13. 3anucb 4YHCes C NOMOULbIO BJICKTPHUCCKHX HMIIV.AABCOB. 


f—oOObINHaA 3ANHCb 'HC1a B LECATHYHOM CUHCJCHHE, 2—3anHch B BNE BICKTPHUCCKHX 

UMNYABCOR B ABOHTHON CHCTeEMe CHHCJICHHA (HanHune Hymyebea osnanceT 1°, OF- 

cyTcTBHe ero—,0*); J—3aNucb THCa B BMHe QNeEKTPHUCCKHX UMIY.bCOB B A ROHYRO- 

MeCATHVHOH CHCTeEME CUHCJeEHHA (TEThIPe MRONYHBEIX PISpsita o6pisylot OTN AcCcATHT- 
HbIi paspad, B KOTOPOM AeCCATHUHOE NHCJIO BAaNNCaHO B RBOHYHO cracTeme). 


OcHOBHDIM HOCHTeeM CHIHadla B ICKTPOHHOH MalIHHe 
ABJISCTCH QICKTPHYECKOe HAalMpAKeHHe, OCHOBHBIM STEMECHTOM, 
(PHKCHPYIOWHM CHMBOWJI andaBita, — XICKTPOHHBIH Tp ir 
rep. 

Cxema Tpurrepa lpezcraBaser coOoK coeMHHCHHe ABYX* 
QJICEKTPOHHBIX YCHJUTCIbDHBIX JIaMT. O6e TaMNbl MOJKHbI ObITb 
BKJIOUCHbI, KAK YCHJUTeH HaNpAKeHHA C MOJOXKUTe.TbHOW 
OOpaTHOl CBHA3bIO: BXOJBbI ycuuTesell, CeTKH JAM, COeAHNCHDI 
C BbIXOMaMH, aHOwamMH, KpecT-HakpecT, T. €. CeTKa MepBOH -— 
C aHOHOM BTOpolH H HaoGopoT. CxemMa HMceT Apa COCTOAHHA 
ycTOH4YHBOTO PaBHOBCCHA: 

1) nepBaa Jamia MpOBOAHT, BTOPad 3amepTa OTpHlaTe.tb- 
HbIM IOTCHILHAJIOM Ha CeTKe, 

2) cHMMeTpHYHOe OTHOCHTEbHO MepBOro COCTOAHHA. 

CoctoauHe CXeMbl, IPH KOTOPOM Uepes3 o6e JamMMmpl TEKYT 
omvHaKoBble TOKH, HeycroluuBo. LocraTouHO TOKy yepe3 OAHY 
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Puc. 7.15. DaemMentsl cxemir Mauminut, BakyyMHbUL TPHOA—Tpex 3TeKTPOd- 
Hb MpHOop, ocyuecTBAMO.WNH ycuenne CHrHadla 3a CMeT 9HeprHuu 
BHeIUHerO HCTOUMHKA, 


a) KOHCTpYKILNT TpUOAA, 6) OG6O3HANCHHe THHOTA B exemax (/—anon, 2—ceTKa, —Ka- 
TO1, 4—HHTb HAKata); @—NapakTeplctHka TPO 1a—3a BUC HMOCTh ToKa aHoya 
OT NaNpAKCHHA Ha CCTKE. 
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PACs 7, eas 
a eae SACMEHTbI CXEMbI Maluubl. BakyyMubiit nextog —~ 3JIEKT POH- 
aes - nae a ceTKaMu. Jlauna HCHOIb3YeTCA Kak YCHJIHTeIb CHr- 
MpPHOOp, NOSBOJIAIOWULHH OCYULC€CTBAATB YupaBAeHHe OT ABYX 
CHrHa.10B OTHOBPeMeHHO, 
a KOHCTPYKILHA NeHTowa: 6) o603HateH 
, He NeHTOTa BC 
ceTK a X€Max == 
prune ee YUPABCHHA HAW WIA 3aULHThI OT Senne ae TpeTbhA 
Kir Wephan boena oe alee ¢ aHoda), J—BTovan cetka (ucnomb3yetTcsa nas Sepan ee 
PUCTHKH NeHtona — 4 qa), 4—nepraa ynpaparstonias ceTKa, 5 — karog]; @) Das poe* 
SaBHCHMOCTb @HOZHOrO TOKa OT HanpsaKeHHA Ha » &@) XapakTe- 
JMYHDIX HaNPAMeHUAX Ha yupapaswutel cerke. aHoze Mp pa3s- 
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H3 JlaMIl CJlyualiilo H3MeNHTbCA, HallpHMep YMCHbILITHCH, 
KaK celigac 2Ke BOZSHHKHeET Mpowecc, KOTOPbIH NepeBeweT CxC- 
MY B YCTOMYMBOe COCTOMHHe: YMeHbUIeEHHe TOKAa Yepes Tammy I 
(cm. puc. 7.18) BbIsOBeT yBe.THYeHHe HallpsxKeHHA Ha CC aHore 
MW COOTBCTCTBCHHO Ha CeTKe JIAMMMbl 2; STO BbISOBET yBeHIeH Te 
ToKa vepe3 BTOPylo NWaMily, MONMKeHHE HaNpAKEHHA Ha CC aHo- 
je H COOTBETCTBEHHO Ha ceTKe slamibl J; Noceqiee B CBO ONC: 








rN RIC 
*, ox 

pee 
eat a. a - 








3 a) 
Uk 

0 

2) 


Pue. 7.17. DaeMeuTbl CXEMBI MalinHbl. IlonynposowuukoBEld TpHOA (TpaH- 
3ucTOp) — Tpexd1eKTPOMHbI NpHOOP, OCYULECTBIAIOWMMH YCHAeHHEe CHPHa- 
jla 3a cueT 3HepruH BHeWHerO HCTOUHHKA. 


a) TOICUHBIA TpHOA; 6) pacno0KennHe 9.1eKTPOAOB (mpoTekaHHe TOK? MexK/Yy MeTa.1J1H- 

YeCKHM SMHTTeDOM 9 Il NOJYNPOBOAHHKOBIIM OCHOBAHHEM O YReNHUHBAeT KOHUCHTpa- 

WHO HOCHTeeh 3apaaaA B oObeMe NOMVNPOBOAHHKA H YMeHbuUIAeT CONMPOTHBICHHe MOK - 

DY KOJMIEKTOPOM # H OCHOBAHHeEM O); 8} MAOCKOCTHOH TpHon; 2) ofosHayeHHe TPpaH- 

3ucTOpAa BCXeM?iX, oO) Xa pak TePHC THK M-TPHOa—3aBHCHMOCTb HanpsKeHHA Ha KOWACKTOpe 
OT TOKA SMHTTEPpA. 


pejlb, BbIZOBeT HOBOe YMeHbIUIeHHe TOKA B aMITe 1, T. e. NOL- 
epXKUT WepBOHAYabHOe H3MCHCHHE (NomOKUTeMbHAaA OOpat- 
wad cBA3b). Tok B Jiamne / Opicrpo ynaneT Ho HY JA, 
4p famne 2 Bo3spacTeT 10 MaKCHMYyMa. 

Tipu nomaye KopoTKore UMIyJECa Hanpaxkenua (orpuya- 
TeJibHOrO) Ha CeTKH OGeNX WaMM 3allepTad yiaMna He H3MelHT 
cRoero COCTOAHHA (TOK Yepes Hee He H3MEHHTCA, OF 6b H 
OCTaHeTCA PaBHbIM HyJIO), OTMepTtad amma C IPHXOAOM Ha 
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CeTKY OTPHUaTeIbHOrO HMMyvbCca CpearupyeT ymeubineyyem 
TOKa, NTO BbI3OBeT MOBbIIICHHe HANPAKeHHA Ha ee aHoye u 
Aavice — BCHO TOCICAOBATEIbHOCTh ONMCaHHBIX BHIIITe ABJICHHH 
B CNM NOOKUTeIBHOH O6paTHO cBA3H, KOTOpaA NIpHBererT 
K N€pexoly Tpurrepa Bp HoBoe cocTosHHe paBHoBecua. Jlammpl 
NOMCHAIOTCH POAAMH. Ta, KoTOpaa npoBognaa TOK, OKaxketTca 


A biz, 
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a) 6 


Puc. 7.18. Cxema tpurrepHolt suefixa. 

a) O603Na1eHHe TpurrepHod sveitkH Ha cxemMax; 6) BpemeHHaad HarpaMMa Hanpsxe- 
HHH Wa BXOZe Tpurrepa, Ha ero ‘aHOne @ WH Ha BbIXORE (Nocse Npoxo® JleHHA 
AUphe pexun pywoureli AUeAKH). 

Apa ycumreaa Ha TpHoAaXx I HW 2 pa6otawr copmectnHo. Baixo, nepporo @ coeguHen 
CO BXOA0OM Broporo 6 HW, HaoGoporT, Bslxos BTOporo 6 COCNHHeEH CO BXOAOM Nepsoro 2. 
3anepTOH, a 3aneptaa 6yner NPOBOAMTb TOK. Cyenyrounit 
HMMYJIbC CHOBa BO3BPaTHT CX€MY B IIpexHee COCTOAHHE HT. J. 

Jipa ycrotunsplx cocroanua Tpurrepa atwT BO3MOXKHOCTb 
CONOCTABHTb HX C ABYMA CHMBOJIAMM ABOHYHOFO alDaBura, 
KOTOPble MOryT HaXOQMTbCA B pa3spaAye wHcla, s3anucaHHoro 
B ABOHYHOH cHcTeMe cuncaieHua, O u 1. CoctoaHuiw «Oy COOT- 
BETCTBYC€T OTCYTCTBHE TOKAa B MepBOH Jamite, «1» — orcyr- 
CTBHe TOKa BO BTONOH Jammie. 

Ec nNOaBaTb Ha CeTKH Jamo TpHIrepa CepHio UMMYyib- 
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COB Hallps2KeHUA, TO KaXKAbIM HeYeTHbIM HMNYJbc OyweT Mepe- 
BOIUTb Tpurrep B cocToAHHe «1», a KaxKIbiii YeTHbIM — B CO- 
crosune «0». CuuMan HallpaxkeHwe C aHoja JlaMIIbl I yepes3 
mudepenuMpyioulylo Wemouky, MbI NOYYHM Ha BbIXOTe OTpH- 
LATCJIbUbI HMMYJbC BCAKMH pa3, Kora Tpurrep 6yneT lepe- 
XOMUTb U3 MosoKeHHA «l» B MooKeHne «OQ». ITOT HMITYJIbC 
MOKHO HCIOvJIb30BaTb KaK eAHHUUY Ala NepeHnoca B coce AHHH 
cepa (CTapuIMit) OBOWUNBI paspaAd H M0AaTb Cro Ha BXO 
(ceTKH JIaMm) elke OHOrO Tpurrepa. 

O6benHHuB B ONHY CX€My HeCKObKo TPurrepoB, Mbl MO- 
KOM Ha aTOH cxewe «3aMHCaTb» YHCO, NpelcTaB-AeHHOe CHM- 
BoTaMH AJBOMUHOrO cuMceHHs. Kak dbl TpHrrep 6ymeT COOT- 
BeETCTBOBATb pa3psay, CocTOAHHNe 9TOTO TPHITepa «O» un «1» 
6yner cooTBercTBoBaTb U HH 1 B 9TOM paspxARe «3allHCaH- 
Horo» uncaa. Llenouka Tpurrepos, Ha KOTOPOH TaKHM clocoOoM 
cbukcnpyeTcaA CTO, HasplBaeTcH Pp eructpom. L[femouka 
TPUTrepoB, cnocoGHaA MepecyHTbIBATh MOCTYMATOIMe Ha e€ BXOJL 
UMIMVIbChl, HasblBaeTcA CUE TUK KOM. B cyltHocTH, CHCTHHK 
HM perucTp pa6oTaloT Tak Xe, Kak KOHTOPCKHE cueTbI MH, 
BepHee, apH@MOMETD C nepemageli CIMHUL B CTaplaine paspy- 
bl, TObKO C HeCpaBHeHHO Oo.IbINeH CKCPOCTbIO Ht B JBOHYHOH, 
a He B ACCATHYHOH CHCTeMe CUMCICHHA. 

TipyruiM BaxKHbIM 9J1¢MCHTOM 9JIEKTPOHHOH MALIHHbI AB- 
agerca «cXeMa cCOBMalenua». ISTO ycTPOHCTBO MPONYCKacy Ha 
BLIXOJL UMMYIbC B TOM H TOJbKO B TOM CTyHae, ecm Ha 06a 
ero BXOa OMHOBPeMEHHO NOCTYNMAalOT HMIYAIbCHI. OHH U3 3THX 
HMMyIbCOB MOKCT ObITb CHMBOTOM ucla, a BTOpol — 
yipaBIAIOWMM CHTHaJOM, OTHMMparoulim cxemMy COBMaleHHl H 
MponycKalowlHM HMITyIbC B HYAKHYIO LUCID. Cxema coprameitHi 
BLITOAHAeTCA HOO Ha MHOTOCCTOUHOH QICKTPOHHOH vlaMile, 
mu60 Ha WHOAAX, 

Cxema copnaseHuii MOMKeT YIPABAATbCA BBIXOAHDIM Hallpa- 
*KeHHeM TpHrrepa WU NpomycKaTb HMIMy1bCbl B JIMHHIO, @CJIM 
Tpurrep HaXoMHTCA B COCTOANHH «l», win He MpornyckKaTb, 
ecnu Tpurrep HaxXOMHTCcA B COCTOAHIH «QO». ; 

B wauly 3alayy He BXOAHT pasOupatb eras YCTPOHCTBa 
uM paOoTh! y3.10B MallHHbl, Onuako Mbl 2OJDKHbI CKa3aTb He- 
Muoro O HEKOTOPHIX H3 HHX, YTOObI C1eT1aTb XoTA Obl OTYACTH 
NOHATHOH CTPYKTYpy HW paooTy MaUIAIp! B ILeJ1OM. 

Ecau Ha peructpe yxke 3alMcaHo YHCTO M Ha Hero Momaet- 
ca elle OHO, TO B pesybTaTe B HEM 6yneT oTMOKeHa CYMMA 
9Tux AByX uNcel. Tak MOxKHO CYILCCTBAATh COWKCHHE 
B ycTpolicTBe, HMe€HyeMOM CYMMATOPOM. Mucaa B CYM- 
MaTop WoawTca Mopa3spAAHO, T. ©. B KaxKIbh pa3spay MpH- 
XOAHT TOMbKO O (HET umnyabea) Wan | (ecTb HMITYJIbC). Ta6- 
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Mia COKEHHA AIA MBOMYHOFO CHHCJIeEHHA yo mMpegevia 
mpocta: 


0-+0—0; O+1—]; 
[+0=—]; 1+ 110. 


EciM B Tpurrepe peructpa 611 0, To TIPHXOMAWee YHCIO 
H€ ONPOKHHET TpHrTepa, eclM OHO O, HM OMPOKHHeT, ecuy OHO 





6) Je 


Puc, 7.19. Cxema cosnamenuil nan BEHTHJIBHbIM KacKadl. 


a) cxXemMa Ha neHTogze (BxogHpe NOMOKATEABHHE HMNYIbCbI NOCTYHawWT Ha nepBy!lO H 

TPe€TbO CeTKH NaMMbl, BLIXOAHOM OTPHUAaTeJIbHbIit HMNYJIbc _CHHMaeTCA C aHOga aamnbl); 

6) cxeMa c HcnomD30BaHHeEM QHOMa; &@) O603HadeHHeE KacCKawta copnafeHHi B cxeMaXx. 

CurHad Ha BhixOe NOABAAETCHA TOMBKO TOormka, KOrfa Ha OOOHX BXOZaX OHOBPeMeHHO 
NPHCYTCTBYHOT ° BXONHbIC CHrHAJIE. 


1,4 T. q. CaMblit coxKHbI cryuali, Korga cKlaqbiBalotcs 1-41. 
B 9ToM CJlyyae B Tpurrepe oKaspipaetca 0, a 1 c Bhixona nepe- 





aes 
Yemanobna 
4UAR 


Puce. 7.20. Cuerunk umnyapcos, COCTOAULHH H3 HECKOJbKUX TpHrrepos, 


BKJIIONCHHbIX NOCJIEIOBATeJIbHO. 


BoerxOW Kak AoroO NpeAblAyiuero Tpurrepa coexuHeH co BXOJOM C#eqZywouero. Hannane 

HanpAKeHHA Ha BbIXOAaX ,O* uN ,1* KaxKAOrO Tpurrepa AaeT B ABOHYHOR 3anHCH 4HC- 

10 MNOCTYNHBUWHX Ha BXOR HMMy.tbcoB. [lomaueH umnysabca Ha mHHy YCTAHOBKA 
HYJIA pce Tpurrepst nepeponsutca B HyJiepoe NnovomwKenHe, 
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flaeTca B CTAapWHH paspaga (fae Ola B CBOIO ONepeb MOET 
CJIOMKUTHCH Cl H Wath Mepetoc B CleAyIOMN paspsy). 

YMHOXKECHHE OCYUIECTBIACTCH NOCICROBATeJIbHbIM C1O2Ke- 
HHeM HM CIBHrOM. YMHOMKAaTb IPH 9TOM MPHXOWUTCA TO.1bKO Ha 
On 1. Jiponunan TAOMMILA YMHOXKCHHA TAKOBAa: 


YMHOKeHHE MHOPOPa3pAMHBIX YHCe/, HanpHMep, BbITAA- 
MT Tak: 
y. 25 [11001 = 1-16+1-8-++0-4-- sc 11001 
10 Oe 2 Tale 1010 
an 1010 = 1-840-441.2+0-l= Sraoee 


[1111010 


MyHOoKHMOe OTKAALbIBAeTCA HH He OTKMaTbIBaAercA B perHctTp 
B 34BHCHMOCTH OT TOFO, CTOMT B paspAsle CHHHINIL MHOKUTCIA 
| um 0; 3aTeM MHO?KUMOe CABHTaeTCH Ha pa3psa, BUPaBO 4H 
TEM KC TYTeEM YMHoOwKaercs Ha CTCAVIOULNH pa3spsalL MHOMKUTE- 
aa ut. a. B perucrpe-cyMMaTope MNpOHCXOAHT IPH 39TOM C¥10- 
*wKeHHe KaK OOBIUHO. 

Bpryntanhe MpOH3BONHTCH B OIEKTPOHHBIX MAlIHHaX Walle 


Bcero KaK CJO%#KeHKe C YHCJIOM, JONOJHHTeIbHbIM JO CaMOTO 
Gosbioro, MpHueM e€AHHHWa CaMoro CcTapmero pa3pxAya OT- 


6pacbipaetca. 
B mecaATHunHOH CHCTeMe 
45 — 22 == 23 
__ 45 
22 
a 
Wu 


45 + (100 — 22) — 100 = 45 -L 78 -- 100 == 23; 
45 123 
73° 100 
[23 93 
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B nBoHuHOh cucteme: 
OLO110] — 0010110 = 0010111; [45 — 22 = 93). 


0101104 
0010110 


QUIOI 11 


HJIH 
0101101 + (1000000 — 00101 10) — 1000000 — 
==0101101 +-0101010 — 1000000 = 0010111: 


[45 + (64 — 22) — 6445-4 42— 64 = 93), 


4. 0101101 1010111 
0101010 1000000 


‘TOIOIIL OO101I1 ° 


leeHHve MOXKeT MpousBoRUTECA KaK NOBTOPHOe€ BbIVHTaHHe 
CO CABHITOM pa3psayos, 

Moryt 6bITb Np¥MCHeHEI H ApyrHe MPHeMbI BLIUNCTeHHH, 
HO B HHX He O6yem celiuac BHUKAaTh. 

Uncda, nepeqapaempre B Bune SNEKTPHYECKHX HMIIYIbCOB 
NO MpOBOAaM OT OAHOFO y3a MAUIMHBI K APYPOMY, MoryrT ObITb 
NPCACTABJICHbI Pa3JIH4HbIM O6pa3om., Bo-nepBbix, ony MOryT 
NOCbITATbCH MOCCLOBAaTeIbHO BO BDeMeHH Pa3spaq 3a paspanom 
10 OAHOMY MpPOBOAy; Tak MewaeTcd B Tak Ha3bIBaeMBIX Mallu: 
HaX NOCHe€LOBaATe€AbHOrTO nelicrsua. Bo-BTOpbIX, 
OHH MOrYyT MIOCbIIaTbCA OJHOBpeMeHHO BcCemy pa3spaAqamMu, Ho 
KaKIBIM pa3spAaq 10 CBoemy COOCTBCHHOMY MpoBony; Tax ze- 
la€TCA B MAWIHHaX TapaJdJebuoro fefcTBHa. ITep- 
Bhi€ COM€PKaT MCHbIve WHH, HO Tpe6yloT boubue BPeMeHH 
AIA N€pCMauw YHCe H MOTOMY MedJleHHee paG6orawr. Bropple 
paOoTaloT 6bicTpee, HO uMeIOT Govlee CJIOMKHYIO CXE@MY KOM- 
MYTAILHH. 

Bee MMiyJibch, wayuHe no Pa3HbIM WHHAM HW MNpHxossa- 
IWHe B Pa3IHYHBIe y3JIbl MAWIMHBI, LOJUKHbI TOUHO COBManatb 
NO BpemMeHH. Pa6Oota MawuiMHBI mpoteKaer B CTPpOroM PHTMe, 
SaaBa€MOM TCHEPaTOPOM TAKTOBBIX HH CHHXPOHH3HPYtOIHX 
HMIyJIbCoB. Hi3 rpe6eHKH 3THX HMMYyJbcoB u «Hape3 aeTca» 
HHCO MPONYCKaHHeM HJIH HeINpOnycKaHHeM o4epezHoro UM- 
NybCa Ha COOTBETCTBYIOMY1O IHHY. 

Caelyer yNOMAHYTh O TOM, 4TO YMCA B Mallune MOTYT 
ObITb MpeACTAaBJIeHbI pa3vIM¥HbIMH cnoco6amu. B peructpe, 
HMCWINeM, HallpHMep, 40 ABOHUHEIX PpaspaANOB, MOKHO Kax- 
Mbit pa3spaq peructpa 3akpenuth 3a ONPeeJICHHbIM pa3pxaAyOM 
uucia. B 9TOM CAy4ae, CKaxKeM, pa3pad eqnHuL OymeT Bcerma 
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(bHKCHPOBaTbCa Hd OJHOM HM TOM Ke Tpurrepe. Tako clued 
3aNCH Ha3bipaetcad 3alvchio C PUKCHPOBAHHOM 3alla- 
roi. Ero mpeuMyllecTBOM ABJIAeTCA MpocToTa BbINOTHCHHA 
9JICMCHTAPHbIX ONepallHli CORKeHHA WH BHIMHTAHHA HACE, KO- 
TOPble MPOH3SBOAATCH TaK, KaK OMHCAHO BBIIC. HenocTaTKOM 
39TOrO «cnoco6a 3alucn ABIAeTCA TO, YTO OH OFpPpaHHyhBaer 
YHOO 3HAYALINX pa3spALOB M BLINyKAaer mpuberatb K OKPyT- 
nenuam. Jipyrum cnoco6oM 3aMvcn ABIAeCTCH 3aNHCb C MJ de 





a 
| 


6 6 O 
Bor Jo a ee ee ee ee 
Puce. 7.21. Cxema npeo6pasoBare.14. 


Mpeo6pasonareib BbIAIeET HANPAKCHHE Ha BhIXOMHOHM MINHC C HOME POM, PABHDIM GHC, 

NOMaHHOMY Ha BXOAbI B BH AE JLBOHYHOH nopaspa Anon sanucH. Haupimep, mepesom Bcex 

BXOAHHIX Tepek-lotare.relt B BEPXHee TMO.10%K CHE (NONMOXKCHHE /) BLiSbIBAeT TOs B-TCHHE 

HanpaAKeHHA TO.IbKO Ha BHIXOLHOH mHHeE 7. CxXeMa MOMKET CALYIKHTH JT upeoopa3ona- 
HIS JIBOHYHLIX YNCe B BOCEMCPHUHhe, 


Balmel 3anaToOH. [I]pu 9TOM 3aluCbiBaeTCH MAKCHMa.jJb- 
Hoe 4YHCO paspANOB HeSaBHCHMO OT NOPAAKa YHC.ia, NPHYCM 
feppad 3Havalllat wadpa cTaBHTCA Cpasy Notte 3ansITOH, 
a MOPAMOK YMCA 3aNHCbIBaeTCH OTACJIbHO. B 9Tom curyuae 
Meped cJOKeHHeEM ABYX YHCe Tpe6yetch MONOTHHTeCIbuaA 
onepalHA «BbIPABHUBAHHA NOPALKOB», ITO ABANETCA HCAOCTAT- 
Kom 9Toro cmoco6a. Ero MOcTOHHCTBO — B OOJIbUON TOYHOCTH 
3anlHCH. 

Caenyioulan Ta6MWa MaeT MpeAcTaBeHHe 06 3THX ABYX 
(hopMaX 3aNvcM pasMUHbIx ynCeT. Jka MpOcToTH YHCwTO pa3- 
pALOB B3NTO PaBHbIM 6 HM YMCA 3aNHCAaHbI B MeCATHYHON CAC- 
TeMe CUHCJICHHA. 
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Puc. 7.22. Cxema npeoOpasopateaa, o6patTuoro NpHBe AeHHOMYy 
Ha puc, 7.21. 


¥Y cTavosKa BxonHoro ° 
N€PeKJHOvVaTe# B ODHO-H3° BOCLMH nomo*xKeHHh }. 
5 No? ‘BbISLIBAeT NOFB- 
J€HHE Ha BHIXOJHbIX WIHHaX HAaNpsA xen, H306pa*aloulux B RBOHWHOH Sanucu foneD 
NOJOKCHHA NepeksouarTeag. 


YnpaBaenve uv naMaTh 


DACKTPOHHble MaIUHHbI MNOSBOJIAIOT BeECTH pacueTH c. or- 
POMHOH ObICTpOTOM He TOIbKO NoToMy, uTO CKOPOCTb BBIYHC- 
JlCHHH B HHX BbICOKa, HO elle H MOTOMY, UTO B HHX BCe mpo- 
MEAKYTOWHBIE ON€palH, HEOOXOMHMble Mpa pewennu 3anauag 
NPOUSBORATCA ABTOMATHYECKH C OoNbUIOM cKOpocTbIO. K uHcALy 
rakHX ONepalH OTHOCATCH: 3aNHCb MpOoMexKyYTOUNBIX pesyIb-- 
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PAaTOB BbIMHCACHUH, MOTaYa HCXOAHDIX AAHHbIX HW MpOMeaAKYTOU- 
HbIX P@3YJIbTATOB {LTA MOCTEMYIOWX BSIYHCJICHHH, YCTAHOBKAa 
NopaAAKa onepallHH, BbIOOp HEOOXOJUMbIX JA@HHbIX HT. A. Bee 
pelucHHe 3a1auH OT Hauada 4O KOHMA HAeT CAMOCTOATE.IbHO, 
6c3 yYaCTHA YelOBeKa, H C OOIbIUOH CKOPOCTbIO. 

Takasd MoslHocTbIO aBTOMaTHYecKand paOoTa MocTuraerca 
B pe3yibTaTe TOTO, YTO CXeMa MA@LIMHpI C Ka?KBIM TAKTOM €e 
padsoThl H3MCHseTCH, B He MpOUusBoAATCA Me PeKTOUCHHA C 
HOMOIMLbIO YCTPOHCTB THIld  CXCMBbI coBMagyeHHH, KoTopbie 
3ACTABIAIOT MalllvHy NcpekKoOuaTbCA C OAHOTO ICHCTBHA ila 
apyroe. TlepekioucHia MponusBoANTCA CHeMMacIbHBIM  y *I pan- 
NAIOULHUM YCTpOHCTBOM, BCTpOCHHBIM B MalIWHy H pabo- 
TAIOUUIM MO 3a/,aHHOH emMy ollcpaTopoM Ip oOrp aM Me. Ypas- 
jimiouce YCTPOHCTBO KOMAHAYyeT BCCMH y3/laMH paOouelH 4YacTH 
MAUIHHbI, 3aCTaBJIAA HX NOcpeACTBOM MepeKJIOUCHHH B OUCHb 
KOpOTKOe BPCMA TMepecTpanBaTheA AIA BbINOHEHHA HOBOH 

orc pallu. 

Harwune ypaBialouero ycTpolcTBa, KOTOpOoe BO31eHCT- 
ByCT Ha BENTHJIM B Pa3THYHBIX y3.1aX MaLMHBl, IIPHBOAUT K TO- 
My, UTO MalliHHa OKAaSbIBACTCH CNOCOOHOH BHINOJIHATb pa3JIAU- 
uble onlepaunu. Jia KaxK AO onepalu yMpaBJAsHOlce ycrpou- 
CTRO MCHSICT CXEMY MAINHHbI, OTHHPAt OAHH H SallHpaa APYTC 
WIHHBL. Olo, TakKHM oO6pa30M, BO3AeHCTByeT Ha CTPYKTYPY 
MALIMHbI, H3MCHSIST Ce JWI KAKAOH ONC palAH, IIpu stom ycTa- 
HOBMeHHaAA TL@HHOH KOMAHJOM yhpaBIstOoulero yCTpOHcTBa 
CXeMa OFlepaluH OAHOZHAYHO COOTBETCTBYCT 9TOH onepallnH 
H TOdbKo eli. KoManaa yipaB.THtOuUle’ro ycTpolicTBa NpedcrTasB- 
naet co6oii TaKHe Ke HMDYJbChL Hanps KENNA, KaK H TC, KO- 
TOPble MpeACTaB.IAIOT YICOBbIC AAHHDIC, HO3sTOMY kOMAHADI 
MOryT ObITh TAKKE 3aNUCalbl YCMOBHO B BHATe yHc.la B ABOHU- 
Holl cucTeme cuHceHHa, Komatiapr mepcdaioTca NO ocoObiM 
WIMHaM, HO XPaHsATCA B 3aNHCaHHOM BHAe B TAaKHX AKC yCTpoH- 
cIBaX TIAMSTH, B KAKHX XPaHATCA H YHCMOBbIC WAHHBIe 3a aun. 

Kpome apndMeTHyeckoro ycTpoiicTBa H ycTpoHcTBa yipaB- 
JICHHS, B MAWJHHe OOAZATC.TDHO HMCIOTCA yctpolicTBa «MaMATH» 
Win 3ANOMHHAWLLNe YCTPOHCTBA, a TAKKE yCTpou- 
cTBA BBOTa UH BHBOMA MANHBIX. 

QanoMuHaloulee yeTpolicTBo OObIHHO ObiBaeT JIGYX BH-LOB: 
onepaTHBHoc (HLTH BIYTpeHHee) H BHCHIHee, Hepzoe 06.1aiaeT 
HeGOONbINO!M CMKOCThIO, HO ABACTCH 6bICTPOACHCTBYIOWIHM, 3a- 
NHCATb UHCO H CHATS YACIO MOKHO 3a KOPOTKOC BPEMA. BTo- 
poe oO1aaer Sosbiiloil EMKOCTbIO, HO Tpe6yeT OOAbWIerO BPC 
MeCUH JLIs CUNTbIBAHHA. TpecOoBaHHa OpicTpoxelicTBUA HW 60.1b 
Gioit CMKOCTH TCXHEYCCKH MpOTHBOpedHBel, HW MOTOMY NIpHXO 
NUTCH HATH Wa TakOe pas7eTeHHe ycTpolHcTB MaMATH. 
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Jl1n Toro uTo6bl 3anncath yncao RB ABOWYHOH CHCTeME, T. @. 
CEPHIO PaspANOB, B KaXKOM M3 KOTOPEIX sIH60 IIPHCYTCTBYeT, 
M60 OTCyTCTByeT HMnysbEC HaNpPAKeHHA, MOXKHO HCMO1b30- 
BaTb Pa3JIM4Hble PusuyeckHe Mpouecchl, Ito MOxKHO CHeath 
Ha JIaMMOBBIX CXMAX-perHCTpaX, COCTOAWIMX 43 LLeNy TPHr- 
repoB (M0 OHOMYy Ha paspay uHcaa). Jlamnopple perucrpst 
MOXKHO 34MCHHTb KAaTYUIKAMH HM CePpMeYHHKaMH H3 MAPHUTHOrO 


) a 


ce aN 





i 


+ 8 
/ a) 4? J 
‘ 
Umnynbcbr 
—sZ : et ay 
4 
Umnynbcr 
“oo c meinidanin 
| ? t Sbizolubre 
umnynocey 
6) 3) 


é 


Puc 7.23. YcrpotictBo namatu MailHHbl — 3aMHCb ABOHYHBIX UHCe Ha 
MarHUTHYIO JeHTY. 


a) cxeMa 3annuecn Ha JI@HTY, 6) cXema 3anncH Ha Gapa6an, @) xapakTepucTHKa HamarHH- 
YHBAHHA, 2) HMNY.bCbE 3aNHCH, CUHTHIBAHHA H BbIXOAHLI€ HMNYJIbChI Nocne npoxcage- 
HHA MOPMHPywuUlero Kackaza. 

Posonka s3annen f/f — SEKTPOMAFHHT C y3Ko% wlenbw, neped Hew mBHxKetTca 
MarHHTHagd eHTa HAW 6apa6an 4; H3MeHeHHA TOKA B O6MOTKe roOsOBKH NepeMarHHuHBalworT 
ylacTKH JCHTb. HamarununBanne yuaCTKOB JIeHTbI COxpannAeTca H nocae NpekpauleHugA 
BOSACUNCTBHA MATHHTHOrO MOA TOAOBKH BCeACTBHe OonbWoOH KOSPUMTHBHON CHIBI 
MATCPHa.la JICHTbE (MPA\OYrOMbHaA XapakTepuctuKa HaMaruHuvupaHH” ). PovloBKa CuHTHI- 
BaHHA 2 NnOAOGHA NO ycTpofictsy rosopke 3anucu: MPH MpOXOMACHHH MAarHHTHOA JIeHTH 
C HaMarHHucuNbIMH yuacTKaMH MHMO WlesqH B OCMOTKe BO3HHK@eT TOK, C.1Y Kaul 

BOUIXOJHbIM CHIHaJIOM CUHTHIBAHISA. 


MaTcpHada, Moce MpONyCKaHHA Yepes KaTYLIKy ToKa cepje4- 
HHK OCTA€TCA HAMATHHMYEHHBIM HM CuKCUpyeT uMnyIbc. Hamar- 
HHMeHHe MOXKHO HCMOAb30BaTb B opMe 3anucH Ha JIeHTY 
THMa MarnuTOPOHHOK WIM Ha G6apaban, NOKPbITBIH HAaMaTrHH- 
WHBaOWeHCA MeHKOH. Hakone, HMMYbCHI MOKHO (PHKCH- 
POBaTb B BHe 3APANOB Ha AMIIEKTPUKe, Ha KOTODPBIii B BaKy- 
yMe MajaeT y3KHH 3JIeKTPOHHEI myyox, Tlocmequee mMoxuO 
elaTb B OOBINHOH SJIEKTPOHHO-JlyyeBoh tTpy6Ke, noO6HOL 
KHHCCKOIY, CTOAWEMY B TeJICEBH30Pax, 3aNHCbIBaAn TOUKH BMe- 
CTO eJHHHIL Ha SKpane, Pe OHH COXPpaHAIOTCA JOCTATOUHO JOVI- 
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ro. MoxkHo, HaKOHel, Pe€rHCTPbl BbINOJIHAT Ha BWleKTPOMexd= 
HHYeCKHX pele. 

[laa 3afOMMHaHHA CHTHAaJIOB NPUMCHAIOTCA YIbTPasBYKO- 
Bble yCTpolicTBa — JHHHH 3aepKKH. SITo — TpyOKH, Hallou- 
HCHHbIe XKUAKOCTHIO (HallpuMep, PTYTbIO), HH MeTaJIINYeCKHe 
CTepKHU, Ha KOHWAaX KOTOPBIX B KOHTaKTe C HAMH pacioulo- 
KCHBI IWIaCTHHKH Tbe3o3/IeKTpHY¥ecKOrO MaTepHadla (HanpH- 
mep, KBapua). Hpukaaqpipad K MMbe309JeKTPHYeCKOMY MaTe- 
pHaly 2IeKTpHyeckoe HanpAKeHHe — MMMNYAbC, Mbl MOyYaHM 





Puc. 7.24) OSummit Bug yeTpodctBa NaMatH 9IEKTPOHHOK BC aa 
MalUHHbI—MarHuTHoro Gapadana. (BuAbDI paAAbl MarHHTHbix ro.10BO4 
HCH H BOCHpOH3BeAeHHA curia.ta.) 


MeXaHH¥eCKHH TOJIYOK, KOTOPbIN MepesacTCA AKHAKOCTH HVIH 
cTepxKHIO HW OyAeT paclpocTpanATbCaA B HEM B BHHE SBYKOBOM 
BOAHBI. (OObIMHO HCHONb3yeTCA He HMMYJIbC MOCTOAHHOTO TOKa, 
a HMITYIbC KOeOaHHH BLICOKOM — yJIbTpasByKOBOH — WacTO- 
tht). [lockobky 3BYK HM€eT OTHOCHTCAbHO He6OJbIWy!O CKO- 
pocTb, BONHa JOXOAUT MO KOHIa MAHA 3alepxKKu 4epe3 aa 
MCTHBIN MpOMe@2xKyTOK BDpeMCHH (10.14 MUJUIMCeKY bt) . 
KOHIL€ JIHHHU BOJIHa MadaeT Ha SIpPHeMHbIn Mbe3O9TCKTPHAC- 
ckHH mpeo6pas0BaTedlb, rhe CHOBAa mpeppamlaetcad B roca 8 
yecKHii uMMyibc. Bpixognol uMMydbe MonawqaeT CHoba 
BXOM Tol 2%Ke AHHHM, MpeABapHTeIbHO NPOuAA Ys, poe 
HaBAuBaloUlMit ero cbopMy. B pe3yibTaTe MMUy.Ibe, pues 
CepHaA MMMYyIbCOB, OyweT Kak YrOAHO RowroO WHpKyJIMpoB : 
110 WHHHH 3afepxKKH, NepHOMMVeCKH NOABIAACH Ha Ce BbIXOe, 
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OTKYa YACO MOKeT ObITh CH 
ATO H Nocwa | 
MeTEYecKOra yerpoficra, HO B perucTp apud- 


; teak SallHCh B 3aMOMHHAatollleM ycrpoficrBe OHA ObITb 
eas aHa a OMNpPeeJIEHHOM MecCTe Tak, UTOOH OHA He MeilaJla 
PCABINYUNMM WH MOCMeAYIOULHM 3anucaMm uy UTOOb! 3aMHCaHHoe 


a 





——_—_— — 


6) 


Puce. 7. y 
7.25. Ycrpoficrso mamaru MaluMHbI Ha MarHuTHbIX cepmeynuKax 
(beppurosnrx TOpax). 


@) ayeiika ~na 3anomuHanHa OAHOrO ABOHUHOrO 
Pa3pana; 6) matpr 
ftecenexe Pip ee OOMOTKR, 3—BEXOnHaa o6HOtKay. ecu 
TOKSLaOp orol een Beigel Napy BXOMHBIX nNposonos fw 2 y MpOTeKaHHH B HHX 
Goupoce’ stare sicneae ds CHHH STHX MpoBORzoB, HaMarHHunBietca. TIpy stopayno 
Pd ad ete YIbC TOKA B BbIXOAHOM Hpopone 3 NOABNACTCA T ieee 
» CCH COOTBETCTBYIOULKEL TOP Onn Npe TBapRTe AHO HAMAPHRIeH, : 


MOXKHO OblO oTHICKaTb. T OBOPAT, UTO 3aNucaHHoe ynCAO HM 
as es YCOBHBIH HOMep Toro MecTa, re OHO eae 
APeC —3TO HOMep CTpoKH H cTON6la Ha KBapaTHoni 
sea TONCK, 3aNHCaHHBIX HA 3KpaHe »JI@KT POHHO-Jyyesort 
ee te bea TPyOKu, ec UX He€CKOJbKO, HOMep 
B0rO, StTHOrO WIM peweHHOro peructpa, HOMep OT- 
PesKka MarHHTHOH JICHTbI H HOMep AOPOXRKKH TIpH 3anucu c no- 
MOUMbIO MarHHTOoua H MarHHTHOro OapaOana, Homep NMHUM 
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galepxKKH AH HoMep CcpHH HMMy.TbCOB (xcloBa>) H3 YCTa 
WH PKYJIMPylOulHX B 3TOH THHHH H T. J. 

QuepuaHo, 4YTO HeOOXOIHMbl KOMMYTHpYyIOuUlie ycTpoucr- 
Ba, KOTOpbIe, MO.1yNan Wa BNO KOMAIIAY (alpec wicla), Nor 
nelicTBHeM 93TOH KOMAHAbE NpOuSBOAM IM Obl HYKHbIC Nepe- 
KHOUCHHA JIA BbITadH Wiela U3 yKa3salnloro KOMAaHJOH a 1pe- 
ca B apudmerHueckoe yveTpoiicrBo, Take KOMMYTATOpPbI YCT- 
DOCHbI HE OUCH CTOAKHO, B wainie Napa-Licabuoro ACHCTBAA, 








Qo a 2 3 O4 Qin 





Puc. 7.26. Yerpoticrpo laMaru — pryrhad VIL TPpasBYKOBaA LHI Sade 
ACD KKH. 


a) oOmumM Bug, G) cxema ({—MeTa.11HdCCKAS +py6a, J—pty Th, F—KRAPNeBLc HEC 3O8.1CK - 
TpHueckHe 1peohpasoRnarTe.H, 4~-— BXOJHHNe 910K TPOJLD! ). 
SrekTpuyeckHe HMIy.TbChE YaAbTpasBykKOBoH YaCcTOTbI PPUK-12 Lp BAKOTCH KO BXODHOMY 
siexTpomny. Kraprenan iltactTHia npeoGpasyer XICKTPHUCCKHS KOeOAHHA B MeXaHHgec- 
KHe, KOTOphIe neperalorca PTYTH H NpOXOAAT MO AHHH B BTC YbTPasBYKOBHIX BOTH, 
Jlotiaa mo upHemHoro KBIptla, AKYCTHYCCKHE BOSHDE CHORA upeoGpasyloTes UpHeMHLIM 
KBAplkeM B Z1IcCKTpMlueckKhHe KO TebAHUA, KOTOPLICe CUUMAIOTCH C BbIXOJLEHOTO S1eKTpoila 
Ha ycuiure.tb. Bpema pacnpocTpaneHnst SBYKOBDIN KOICGaHHT «BO PTYTH ABTHETCH BPe- 
M@EHEM 3a CPARKH, 


rhe KaK Ub pa3spad YHC.1d mepetaetcsa 10 OTICIbHOH WHHE, 
MOMKHO CBECTH KOMAHJHbIC WHHDbI ia MOHDIM NepeK.10UaTCuIb. 
IIpH mogaue Ha BXOABIC HIHHbI «CoBa», Hs00paxkarloulero 
yYcO, Ha BbIXOLHOK UIMHe, uMeIOULeEHM HOMED, o6o03HaueHHbli 
STUM YMCIOM, NOABAMETCA HAND AKCHHE. BplXoHaa WHHa CO- 
enuHAeTCA C PerHCTpOM cooTBeTcTBylollero HOMepa H OTKDbI- 
BaeT CFO BLIXOMHble BeHTHIM Ha KOMOBbIC WIMHbI apHdMerHye- 
cKoro ycTpOlcTBa. [locbitaad no OJHUM H TEM KE BXOAHDIM LH H- 
HaM pa3Hble 4HC1a, Mbl 6yneM NowyuaTb OAHH H TOT 2Ke BBI- 
XONHOM CHTHAJ Ha Pa3Hbix BLIXOTHBIX WIHHAX, OTKPbIBAatollln* 
pa3Hble perHcTpHl. 

MoxHO UCHOMb30BaATb ITOT NMONHbIA NWepeK.10UaTe.1b «Ha 
O6opoT», eCJIH BbIXOJHBIC HWIWHbI CHedwaTb BXOJHDIMH. TlomaBas 
HanpaKenne Ha OAHY H3 BXOJHBIX JWHH, MbI Woy4aem Ha BbI 
XOUNLIX IWHHaX KOMOHHALHIO CHrHaJIOB, Jalouly!lo HOMCPp BOS 
OyKeCHHOM WIHHBI. | 
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[lono6uble %e ycTpoficrBa MOryT MCMOAb3OBAaTbCA AMA ne- 
peKOAMPOBaHHA YHCe N3 JBOHYHOH 3aTlHcH, HallpHMep, B BOCb- 
MepH4uHy!o H OOpaTHo. : 

B trex culyyaax, Korda B ycTpolicrBax MaMATH COBa HS0- 
OpakalorcA MOCMeEAOBATEILHBIM PaCllOTORKCHHEM CHMBOJIOB BO 
BpeMeHH HM CaMH CJIOBa 
pacilOJIOHKeHbl BO BPpe- 
MeHHOH MmocJleOBaTeIb- 
HOCTH, KaK B JIMHHH 3a- 
epKKH WIM Ha JeHTe 
MarHHToWoHa,  MpHxo- 





6) 


: : Tpy6- 
Puc. 7.28 YcTpOHCTBO NaMATH MaiHuHbl Ha ge KTPOHHO-.1y4eBbIX TPY 
Kax. 


7IHATOCKONA 
a) 3anvcb H\NyAbcoR Ha SKPINe KHHECKONA, 6) 3samuch Cc OAL Ge aes oan He 
8) BHA sxpana KOHTPOAbHON TPyOKH C BOCTPOUS RE AEHHEM oo ae ian CHGTEME: 
SNeKTPOHHAA NymKa, COSTAOULAA Y3KHA MyIOK STEKTPOHOB, 4 — OT . 6KH, g—KOIeK- 
HANPABATIOULAA NycOK SIEKTPOHOB B ONpeTeTenHylO TOUKY Se ean ca 5-- 91eK- 
TOp—S1eKTpOA, cObupstolmHuit prcceAHHbIe S1eKTPOHbI, 4— CTeK.THH te enaaen Suet 
TPOHHBI J1Y"1, 6—pxonnoli S1eKTPO, 7—RNOIEKTPIK, Ha KOTOPOM : 

TPHCeCKHE BAPAAbl, HAHECCHHBIE MPH SINHCH. Sata SaeeE pO: 
SaeKTPOHHBI wy, Maqatoul Ha ANBEKTPIK, BEIOHBACT H3 sales ae AU S.1eEKTPHKa 
HbI, KOTOPbIe YXOMAT HA KOMIEKTOP HAW BOSBPUNLUOTCH HA MOKED EN com 
B 3ABHCHMOCTH OF NOTEHUHI1aA AADTEKTPHKA, Tlonasaa pAsIH HEE esau e TOKE 
HyIO TinacTHny 6, MOXKHO NOTVIHTbh pasa HYloO Be IHHY spatia cents iuHoe pBpemsa. IIpH 
nafenusa nyika. Sapvd B gro TOTKe COXpaHHeTca npoa On! J S GnY TIGRAGTOH 
CUNTBIRAHHH NYIOK HanpaBzeTCA B TY KE TONKY; Ha BXOANVIO Thicke “gapala, KO- 
HOCTOSHHBIM NOTeHMHaT TOK KOeKTCpa MelineTCA B Se aac oe 
Topult coxpanvaca B AauHBI TONKe ANSTeKTpPHKA, 3anich MOKUO as peut: 

CTAHAB.AHBATb, ITOOb] BOCMPCNATCTBOBATh ee CTHPAHUIo C TCUCE 


AUTCA OKUMATH, Kora MOMONMeT HyAHOe COBO, yToObl BBI- 
BecTH CFO Ha IWHHbI v3 3amOoMHHatollero YCTPOHCTBa. B 9THX 
cayaaax Ha MarHuTrdoH senuTe wWMeeTCH OTTeIbHAA on 
poRKKA C ZaNNCbIO CHHXPOHMSHPVIONIAX HMITYIBCOB, KOTODh 
TePeCUHTHIBAIOTCA CUCTUHKOM. Anpec uckomMoro 4HC1a MO 
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AaeTCA B CHelHaIbHbIM perucTp anpeca uw cpaBHuBaeTca Ha 
KacKalaxX COBNANeCHHA C ONePeHbIM HOMePOM B cueTUUKe. 
pu copnaneuuu uncno BbIMaeTCA, TAK KaK NO CHrHasy coBna- 
ACHHA OTIMPAlOTCAH BeHTHJIM M CHTHAJ BbIAaeTCA Ha LIMHBI. 
BpeMa OKHZaHMA NomXxona HYKHOrO UHC/la He OUeCHL Be- 
JIMKO Ha JIMHHAX 3a8NePpKKH, HECKOJbKO 6oulble — Ha MarHut- 
HOM Oapa6aHe H OBOJIbHO B€MKO —NPH 3aNHCH Ha JICHTY. 
CaMoe KopoTKoe Bpema BbIOOPKH — y 3alOMHHalollero ycTpol- 


e 
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a) 6) 


~ 79 
Puc. 7.29, Baon manupix B MalllHHy C NOMOLibIO NepdopuposauHolt neu- 
ThI. 


a) meuTa C 3anHcbiO B oABORUHOL CHCTEME€ BXODHBIX QaHHbIX (YHCen WH KOMAaH ); 
6) BBO, AaHHBIX B MalulHHy,. on 


CTBa Ha 93JIEKTPOHHO-JlyyeBbIxX Tpy6Kax; OHO PaBHO BpeMeHu 
yCTaHOBKH 3JIEKTPOHHOPO VIy¥a Ha HYXKHY1O TOUKY 9KpaHa, uTo 
AOCTHTaeTCH MoaueH HalpsaxKcnHnit onpeqeneHHor BeJIMUHHbI 
Ha OTKOHAIOUIE SIEKTPOAbI Tpy6OKu. B MainHax Nap aJWIeJtb- 
HOro QCHCTBUA Ha Ka Kbit paspamn uMeeTCA cROg Tpy6xa. Io- 
STOMY alpec YHCa OMHHAKOB JWIA BCex Tpy60K u BLIMAeTCA 
Ha HHX OHOBpeMeHHo, JInaq ObICTpozelicrByiomler OlepatuB- 
HOH TaMATH YaCTO HCNOMb3YOT 3TOT cNOCco6 3anoMuHanua. 
OnepaTuBuoe x BHCUIHCe 3alOMHHAalOlWiMe YCTPOHCTBAa O6Me- 
HMBaloTca 3aPHKCHPOBaHHBIMH B HUX JaHHBIMH. lorospie pe- 
SYIbTaTbE BBIYHCJICHHH Mepelawrca Ha MaTHHTHYy!lO JICHTY 


C TpyOok, a Cc JeHTEI Ha TpyOKu nepenuc 
HbIe JLaHHBle, P HOBDbIC BXOT 
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Pan MeCT 3aHCH, HIM, Kak TOBOPAT, AYeCK MaMATH, HC 
MOAb3YCTCA JLIA BaMHCH KOMAIL, yilpaBJenHsA Mawnhuol. Komall- 
br pacno.loxKelibl B MOpsKe NOMepoB, oYepeHad KOMAIlAd 
nepeaeTcs B perHCTP KOMAILA, OTCIOLA B YMNPaBsAAIOMNCE yCTPOH- 
CTBO JWI HCNOINeHHA. 

B pa3vIHyHbIX THNAX MaUIHI HCNOb3yIOTCH Pas IM4Uble 
BUIbI KOMalA. Cranfaptiast KOMal {la Ope .eTACT ONO neli- 
CTBIIC MAILIHIIbI U BbIsbDIBAeT BCC NCOOXOAUMbIC Wiad ITOTO men- 











hodeomobra hpugmemuec- | 


Uu 
npobuena 
NEP MOAEHITIO 








oe 
Bbodn0e Onepamubyan | Aoneabsemenga 
ycmpoutinto NOMSINIO NAMB Tie 
















BsiGodHoe Yempoucmbo __ __ is 
ycmpoucmbo ynpabneHus 


fynom 
YNpabneHus 









Neyamanuee 
yempoucmgo 





Puc. 7.30, O6ssaHx cXCMa 9ACKTPOHHOH BLINHCAHTCADHOM Ma@UIUHDbL. 


CTBHA NepeK.oyeHa (OTMHPAaHHe 1 3anApaihe KOMMYTHPYIOULyX 
y3l0B — BentTHiel). Tloq O2NNM JelCTBICM MOAKHO HOt 
pa3syMeBaTb Oo.1ec HIM MeHee CIOKUbIA nmpouecc. Tak, eC 
CuUTaTb OMIM slelierBneM, Hampiumep, Mepesayy YHCa M3 
3anoMHHaloulero ycTpolicrBa B apHd@MerTuyeckce, TO KOMAaHa 
WWI BBITIOJHEHHA STOTO MeHCTBAA MOKHA COACPAKATh YKa- 
3aHHe (HH HOMep) OMepallMn MW atpec YHCTa, Takuve KOM4H- 
bl, M MalUHHbl, paGotaiouyie C HHMH, HasplpaloTca O AH O- 
ampecuHbMaA. Jia Toro ¥TOObI CIOKUTh WBa YNC.Ta HW 3a 
MHCaTb pe3yJIbTaT, HyYAHO TPH KOMA@H/IbI, HO CaMil KOM4H bl 
KOpOTKHe. 
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Ec nox oOHHM  selicTBHeM NOHHMATb BeCb Mpornecc 
CTOMKCHHA H 3aNHCH, TO KOM4HNa NowKHa comepKaTb HoMep 
ONepalHn H Tp akpeca: nepBble ABA — OTKYAa B3ATH CAarae- 
Mble H TpeTHH — Kva 3anucatTb cCyMMy. Ora cucrema mpume- 
NAeTCH B TpexapecHbIxX MausHHax. 

Bce KOMaHXbI B MocweqoBaTerbHOCTH Hx BLINOJIHEHHA 
COCTaBIAIOT MpOrpaMMy pa6OoTbl MaUIMHE Haq anno; 
sanauell. IIporpammMa cocrasasetcs M aTe€MaTHKOM-lIporpam- 
MHCTOM H SaMMCbIBacTCs| B BHA CIOB B alaBHTe MalHHB, 
TN. ©. B BUAC HHCeI ABOHYHOrO CHNCIeHHA Ha Nepdowente wai 
NepdokapTax. 3atem mporpaMMa BBOgHUTCA BO Blielttec 3allo- 
MHHalOllee YCTPOMCTBO MallHHb! (yxe ABTOMATHYeCKH) H BBI- 
TOTHACTCA B NOPAAKe CJI€LOBAHHA KOMAH. Mocwe 3amycKa 
MallHubl. [locetueit KoMaHO MalwnHBr OyeT KOCTaHOBKa». 

TakuM %Ke NyTeM BBOAATCH M HCXONNbIE AaHHble JWIA BbI- 
UHCTeCHUH. PesybTaThl BbIMMCIeCHHH BHIBOMATCA H3 MALINUnt 
neyaTaiouent aBTOMaTHYecKOl MalUHHok (TesleTalinom) HIM 
Ke  C MOMOLMIbIO OblcTposlelictByioulero doroneyataioutero 
VCTPOHCTBa. 


OcoGeHHOCTH 371eKTPOHHbIX MalIvH 


INCKTPOHHAA BLIYHCHTeIbHaA MALIMHa BbIMOTHAeT GBomee 
WIHPOKHH Kpyr onepauuli no cpaBHeHuto c apH@MOMEeTPOM 4H 
MawKe CO CHCTHO-aHaJINTHYCCKHMH MalIMHaMH. Ona pa6oraer 
Kak pacueTHOe 610PO, BHINOIHAA He TOKO BCe BEIUHCTeHHA, 
HO H BC€ ONe€PalHH 3allHcH, COPTHPOBKUH HM CUMTHIBAHHA Mpo- 
MCXMKYTOUHBIX Pe3YJIbTATOB, KOTOPble Ha KJABHUIHbIX MAILIH- 
Hax elle WemaeT oneparop. 

Iloq06HO Tomy, Kak onepaTopy-pacueTuuky Maetca mMpo- 
rpaMMa OOpaOoOTKW HCXOAHBIX NAHHBIX 3a0a4uu UW TaGJIHa WIA 
3aNHCH P€3y-IbTATOB, SJIEKTPOHHOM MAlWHHe TakxKe 3ajaetca 
NpOrpaMMa MeHCTBHH, KOTOPy!IO OHa CTporo BbINOMHAeT, Ota 
MpoOrpaMMa COCTABJIA€TCH HECKOJbKO WeTaIbHee, ueM JIA BbI- 
unCHTeNeH. Maiuua BbInoJiHAeT mporpaMMy HecpaBHeHHo 
ObicTpee. 3a HeECKOJIbKO 4¥acoB Pa6oTH! OHa Chenaet Gob, 
YM BHBIUHCIHTeIb 3a BCIO CBOIO MH3Hb. Maiwuua, moka oHa 
HCMpaBHa, He momyckaeT oOlH6OK. Olm6kH nosBasioTcr 
TOAbKO Tp MOJIOMKaX MALIHHbI WIM MpM HaIHunH OWH60K 
B nporpamme. Jl.1q CHMKeHHA YacTOTb! NOAOMOK MpHHAMaeTCH 
pad sDeKTHBHBIX MEP: TIPeNBapHTeIbHbIM oOT6op eraqeli, 
pa6oTa B OCJaOJIeHHbIX PexKHMAX, TepHOdMyecKHe MpoBepKH 
TOUHOCTH C MOMOINUbIO CMelHaJIbHbIX «HCNbITATCJIbHbIX» 3a- 
au — TeCTOB UT. J. 

Maulmubl CBepXBbICOKOM MpOH3BOAUTeMbHOCTH He Hpocro 


3aMeHAIOT TpyX MHOrHx BbunCTHTeeH. HecomHenuo, pt 
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MCNOJIb3OBaHHe MalIHH JaeT KAYeCTBCHHO HOBbIC BO3MOXKHOUCTH, 
KOTOPbie 3aKJOUaIOTCA B TOM, YTO C NOMOULbIO MalIHH MOFyT 
CTABHTbCH H pelllaTbca 3aa4un TakOro OObeMa HN CJIOMKHOCTH, 
peleHHe KOTOPbIX TPH PyYHOM cyeTe OblwIO Obl MpakTHUeCKH 
HEBO3MOXKHO, XOTA Obl H3-34 TPyAHOcTeH KOONepHPpoOBaHHA 
6oNbuoro YNCa BhIUHCTUTeMeH, OOMeHa HHPOPMAallHH MeKAY 
HHMH vw COrlacoBaHHA MX felicTBHH MpH coBMecTHOH pa6oTe 
Hal OMHOH 3amauen. 

Pewatoulee 3HaueHHe B PaCUIHPeHuH CPYHKIUHH 9/eKTPOH- 
HBIX MALIMH CbIrpado BBeeHHe B HX COCTaB ObICTPOAeHCTBYIO- 
lleli MaMATH HW OMepallnl aBTOMATHYeCKON 3alHCH H OTHICKa- 
HHA cJOB B Heft. B nmpowecce o6pa6oTKH HHPopMalluu Ma- 
IUHHa, HCMONbL3ylOULAaA 3aNOMHHAaloUlHe ycTpolicTBa, T. e. O6a- 
Marollad MWaMsATbIO, pearupyer He TOJbKO Ha MpHXOMAULe 
B JaHHbIIT MOMeCHT CHrHaJbl, HO H Ha Te, KOTOPbie NPHXOAMTH 
B NpowsomM. Takaad MaulMHa cMocoOHa HakalJIHBaTb CBeMC- 
HUA H HCHOb30RaTb UX MO Mepe HaxoOuocTH. Dra cnoco6- 
HOCTbh HE TOJIbKO UPe3BbINaHHO CHAbHO PaCcIIHpAeT BOSMOA- 
HOCTH MAIHH, HO MpHjlaeT MaliHiaM COBepLeHHO HOBOC 
KayecTBO 10 CpaBHeHHIO C ABTOMATAMH, PearHPyYlOUMMMY CTEPCO- 
THMHO BCAKHM pas Ha CYylLleCTBylOllee B AaHHbIM MOMCHT BO3- 
nefictrsue. Hamugue NaMATH B IPHHIite ZaeT BO3MOMKHOCTH 
MeHATh peakUHIO NO Mepe HaKkOMWIcHHa HUNPOpMallMy, Takon 
cnoco6HocTblo WpocTeHuue aBTOMAaTH OO.1a,alOT JIMUIb B 3a- 
UaTOUHOM CCCTOAHHH B TOM CJlydae, CCH YipaBlenve MpPOus- 
BOMHTCA C HHTerpHpoBaHHeM CHurHala. ; 

BaeseHHe B MalIHHbI OJITOBpeMeHHOM MaMATH, MaKe C TO 
NPHMUTHBHON ee OpraHH3salwel, KaKad HCNOAb3yeTCA B Mallii- 
Hax celivac, MO3BOAAeT HMHTHPOBATD Ha MAaLiHax, HaNpHMep 
Hpowece OO YUCHHA, ObIBIUHH XapaKICPHbIM AO CCTO Bpe- 
Me€HH TOAbKO JIA X2KUBEIX OPraHH3MOB. 

OnHUM V3 HanOoO7lee BaKHDIX CBONCTB WICKTPOHUNBIX Md- 
WIHH ABAAeTCH TAK2Ke UX CHOCOGHOCTH oO HeKOTOPOM CTeNeHy 
CAMOCTOATCIbHO U3MCHATS COOCTBEHHYIO HporpaMMy JeHCTBHH. 
Tleno B TOM, NTO PaCMMCbIBATh NOMpOOHO XOX 3a XOMOM NJIMH- 
Hylo MporpaMMy pewulenvA cNORKHOH gamaun TpecTaBlnerca 
oye gonroll u TpyxoemKoi pa6oroi. Hlostomy mporpaMMH- 
CTLI CTPCMHJMCb COKPaTHTb 9TOT TPYA H NOOUAHCb B 9TOM OT- 
HONICHHH 3aMeTHBIX ycnexos. Jia OobiMHCTBa MaTeMaTHXc- 
CKHX Salad XOX BbIMNCeHHH pazsOuBaeTCA Ha NOBTOPAIOUIME- 
cA CepHH OHHAKOBBIX onepamuli — WHKAb. OveBHAHO, HeT 
CMBICAa BbINMCbIBATh IWWKI 3a WHKJIOM OHH 1 Te KE KOMaHIbI. 
MoxHo TOpyduTb 9TH OON3aHIOCTH Toit Ke MallHHe, 2aB CH 
ILIA BSTOTO COOTBETCTBYIOINLyIO MporpaMMy. TlockombkKy KOMaH- 
IbI 3ANUCbIBAIOTCA TAK 2K, Kak YHCIA, C HHMH MOKHO IIpoHu3- 
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BOAHTb MpeoOpasoBaHnnA Kak c 4THCaMH, Hanpimep nocie 
BHINOJIHCHHA KOMAHAbl IpeoOpa3soBpath ee, IpHOaBaaa no enH- 
HHWe K apecaM AA Toro, uro6n no ovepeH MepeCMHOKUTH 
CTOJIOHKH YHCew, PasMelleHHbIX B sueiiKax MaMATH B Nopsake 
HOMepos. 

OcoOeHHo uHTepecuniit TIPHHUHMHAaIbHO OYeHB BaKHDbIL 
Pesy/IbTaT B STOM OTHOWeHHM JaeT TIPHM€HeHHe KOMAHIBI 
YCHOBHOTO Nepexoga. Ota Komanna ne OMHO3HauHa, 
OHa HMCeT Ba S3Hayenua: A — ITepediru K BOINOAHEHUIO 
Komando No A u B~— Hepetiru kK BboinOAHeNUIO KOMAHODL Ne B. 
Bui6op Bapnanta A unu B 3anucur OT HCxXOa cneunalbyHor 
JOFHYeCKOH ONepauHu CpaBHeHuag ABYX uucel x wy. Ec 
x>Y, BbiOupaeTca BapnanT A, ecru XS Yy — Bapnaut B. Cpa- 
BUCHHE HMPCBOAHTCAH MallHHOli B KOHUe UMKNa BbIUHCJICHHH, H 
Pe3yJlbTaT CpaBHeCHHA yoxKe OHO3HATHO OMpeqeIaeT BbIGOD 
A usu B, 

Tak, ecJln npn BEITHCJICHHH OUePeAHOTO WeHa pana B UTO- 
Pe UMMKJIa BBIMHCeHUH MOMyuaetca BeMUHHA 6oslbITe 34 aH- 
HOH MHHHMAaJIbHOH, Malluna BOSBpPallaeTcCA K HauvasJly WukKa 
(KoMaHya A) uw BBIUHCIAeT CHERYIOMHN wen. Ecau ovepenuol 
WICH PALA OKAa3bIBACTCA MEHbIUe 3aNaHHOll MYHUMAaJIbHOL Be- 
THMHHDI, MaluMHa, He BBIMMCJAA ClexyIoulero Wena, mepexo- 
AUT K HOBOH OllepalHu, ompesensemoit Komaynoli B. Yenosupiti 
TepexoH MpeAcTaBiaer coOok OTKJOHeHHe OT MpHHnNa Ipo- 
TPaMMHOro yiipaBJeHHA H Mepexod K ynpaBseHuio c O6paTHod 
CBA3bIO. B caMOM Jee, pH ycJIOBHOM Tlepexone MevcTBuA 
MallHHbI (C/leqywulad onepalua) 3aBYCAT He TOJIbKO OT BHELI- 
Hero BAMAHHA ——NpOrpaMMBl, HO H OT pe3yJbTaTOB pa6oTHI 
MaulHHbl. [Ipapna, cnoco6 BBenenua oOpaTHOH CBA3H B 9TOM 
Ciyuae ClOKHee, YEM B Culyyae CJIEQAUIMX CHCTeM, MU OTJH-. 
Wa€TCA OT JIMHEHHOM CBA3H B TocwenHuXx. OnHaKo B NIpHHIH- 
Ne — 3TO OOpaTHan CBH3b (3aBMCHMOCTb elicTBHA OT pe3yJIb- 
TaTa NpeAblAyuero LelicTBus). 

Hcno.1b3ya B MporpaMMe ycu0BHBIit nepexoy, MporpaMMHCcT 
MOXKET 3apanee He 3HaTb H HE HHTCPeCOBAaTbCA TEM, CKOJIbKO 
NOBTOPHBIX IWHKIOB (HTepawuii) mpomenaer Mauna Oo 
NOTYUCHHA PesyibTaTa HWyKHOH TouHoctH. Mamuya 6e3 
yuacTuA OTe paTopa 4 6e3 NpemBapuTerbHOro Nava 
CaMa \pelluHT MO 3aIOX%KeHHOMY B Hee IlpaBH.ly. H HCXOAA 
H3 OOCTaHOBKU, Kora eli MepelitH K HOBOMY JuKaAy onepauHii. 
He uckoven mw Tako c1yyali, Korta caMa Ke Malluua mo- 
KET COCTABHTb ce6e STO TpaBHslo NMepexola Ha OCHOBAHHU 
Apyrux, 6duee o6utHxX yKa3aHHit. Takum O6pa30m, c MCMOUIL- 
3OBaHHeEM B TiporpaMMe YCJIOBHbIX NepeXO0OB MallMHa MpHoo- 
peTacT HEKOTOPylO CaMOCTOATEIbHOCTb B BBIMOJIHeHHH MPOCTHIX 
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onepaunl, MOAUMHAACh YKa3aHHAM NpOrpaMMbI JHUWIp Oo.1ec 
oOuero XapaktTepa, 

BpetenHe onepaluud BblOOpa Ha OCHOBe CpaBHCHHA 
npeicTaBiser coOoli, KaK Mbl yKC CKa3alH, He apidMerH- 
ueckylo, a JlorMyueckylo oMmepaunio. BpiOop— ne OAMHCTBEH- 
Has OlepalvA JOPHKH, KOTOPY!O BbINOHAIOT MAUMHBI, Bpimoul- 
HCHHe JIOTHUeCKHX ONepaluh HapAy Cc MATEMATHYeCCKHMU—9TO 
elle OJHO OUCHb HHTepecHoe H BaxKil0e CBOHCTBO CYCTHbIX 
MauHH. Onepaunio BblO6opa MpoweviplBaeT H CUeTHO-aHaJMTH- 
ueCKaA COPTHPOBa/IbHaA MaluHHa., 

[Ipeo6pa30BaHne KOMAH] H YCOBHbIe NepeXOAbI ABTAIOTCH 
OUCHb BaXKHBIMH MPHHUWMHabHbIMH OCOOCHHOCTAMH = 9VICK- 
TPOHHBIX UMPpPOBLIX MAINHH, KOTOPbIe OTKPbIBAIOT MHOLO CO- 
BEPLUICHHO HOBBIX BOSMO2%KHOCTCH HX HCNOAb3OBAHHS. 

Kakue Ke onepallun JIOrHKH WH Kak BDINOJIHAIOT M aALIMHbI? 
Ina orBeta Ha 9TOT BoMpoc clecAyeT CKa3aTb HCCKOIbKO C.TOB 
O TeopeTHueCKOH JorHkKe H avIreOpe pesleHHbIX CX€M. 


TeopeTnueckast soruka w aareopa peJieHHbIx CXeM 


TeopeTuyccKkad JIOrHKa NpeACTaBACT co6oH BeTBb MaTec- 
MaTHYueCKHX HayK, OObCKTOM H3yYeHHsA KOTOPOH yrxKe He 
aBAOTCA UNCAa. Teoperuyeckasd JOrika pa3sOuBacTCca Ha He- 
CKOJIbKO pPa3JleJIOB: HCUHC.TeHHe BbICKA3bIBAHHH, HCUYHCJIEHHE 
HpeAHKaTOB, HCYHCTeHHe K1accoB HT. A [Ipeametom H3yye- 
HUA TeopeTHuecKOl JIOHKH ABTAIOTCH CPCACTBA, © T1OMOLLbIO 
KOTOPbIX W3 34aHHbIX JIOPHYCCKHX MIPCILIOXKeHHH, BbIParkKalo- 
LHX CBA3b Me AY OObEKTAMH, MO2%KHO NOJYIHTb HOBHIC npes- 
nowenus. TeopeTaueckaad sTorHka CTpOwTcH Kak MaTeMaTH- 
yecKad MUCIMMNTHNa, T . e. C TOUHOH (POPMY.IHPOBKOH OCHOB- 
HbIX TOAOKCHHI H NPaBHT nv BBeAeHHeM (POpMa/IbHO-MaTeMa- 
THUCCKHX BbIPAKeHHH AIH HX 3ancH, 

ON H3 MDOCTCHIWHX Pa3TeTOB TeopeTHYeCKOH JIOPHKH — 
UCUUCICHHe BbICKA3bIBANHH — HAXOAMT BecbMa NOTHYIO aHa- 
HOTHIO B COOTHOUICHHAX, CYULECTBYIOULAX JIA CXEM, COCTOAMIAX 
13 QWIEKTPHUCCKHX KOHTAKTOB H_ COCAHHAIOUMX HA IIpOBO08 
( pevleffHO-KOHTAKTHBIX cxeM). OTa anaOrHa HCHOJb3SyCTCA 
ABOAKO: BO-Me€pBbIX, MATCMATHUECKHE (pOpMaJIM3Mbl TCOPCTHYE- 
CKOlt JOPHKH HCMOAb3YIOTCA ATA HCCTCTOBAHHA CBOHCTB pe- 
neiiupix cXCM, Kak paOounli anmapar AIH anatH3a Hi CHHTC3A 
CXEM JIA TeXHHYCCKHX TIPHMeHCHHI, BO-BTOPBIX, pe. TEHHbIe 
CXEMbI, MOCTPOCHHBIe NO OPH¥eCKHM (popMy.1aM, MO3BO-TAIOT 
ABTOMATHUeCKH pellaTb ornuecckHe 3aane. 

HecoMHeHHO, uTO OOACTh aHasOrHlt MCAKAY NOS OAK CHHAMD 
TeOpeTHYeCcKOH JOTHKH H peliarolliMy cxeMaMH He OFPpaunult- 
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CA HCUHCICHHEM BbICKa3bIBaHHH. YCJIOKHEHHeE BBIUHCTHTeAD- 
HbIX CX€M iJIPHBONHT WH MPMBeXeT B Aalbueliuiem xK pacuiupe- 
BIO COOTBETCTBYIOULerO JIOrH4YeCKoro almapara, noawexaue- 
rO HCNOJb30BaHHIO B MAlJMHHON JIOrHKe. 

B WOAHCTCHAH =BbICKa3bIBAHH = M3y4alOTCA mpocTefune 
YTBCPACICHHA WH BbICKA3bIBAHHA, Karkkloe 13 KOTOPbIX MOKET 
ObITb TH6O JIOMKHBIM, JTHOO HCTHHHBIM. Hanpumep, TakuMu BLI- 
CKa3bIB€4HHAMH MOFyT ObITb: 

A=l6epo @ audr saxpwra, 

Y=/laccasup naxodutca 6 AUGTE, 

Z£=Morop epawaerca, 

V=Ha dotrosnemenr nadaer CBeT, 

W=Kxonka aaekrpuueckoeo KONTaKTa Hakata y T. Il. 

M3 9THX MpOcTbIxX BBICKasbHIBaHUit MOCPeEACTBOM ComoctTas- 
ICHHA HX APyl C APYrOM B pa3IHYHbLX CBA3AX MOTyT ObITD II0- 
CTPOCHbI HOBBIC BbICKa3bIBAHHA, KOTOPbIe Tak2Ke MOFYT ObITb 
JOO HCTHHHbIMH, JIH6O JIOKHbIMH. 


IIpHyumatorca caenyioulue cBa3Hn M@2KY BbICKa3bIBaHHAMH: 

1) Konpionkuna X&Y (uutaerca: uke u Hrpek). Hanpumep, 
/lcepos 6 audbT 3aKpolra, vu naccawup HwaxoOutcn @ <audre. 
C.1oxK0e BbICKasbiBanve X&Y ucruHHo B TOM H TOJIBKO B TOM 
clyyae, eCulM HCTHHHEI X u Y, 


2) Jtuspionxuisa X\/Y¥ (untaeres: uke nan urpek). Hampu- 
Mep, Kaonka KOAXTaKTa HaxKaTa WAM Ha @oTOsnemeNT nadaer 
ceeT, Buickaspipanue X\/¥Y uctunno torga, Korga UCTHHHO M0 
Kpaltiielt Mepe OHO H3 BbicKasbIBanuli X, Y (man o6a BMec- 
Te). COBO WAU, TIPHMeHACMOe WIA O6O3HA4eHHA LuabIOHK- 
UHH, He ClcAyeT NMOHRMATb B CMBbICIe HCKJIIOU@HHA — 2ubo-au- 
60 («1H60 NaH, s160 Mponad»), a TOJIbKO B CMbICNe wIH X, 
Ht Y, wad o6a BMecte. Jia HcKmoyalollero WAU B CMBICLIe 
AUOO-AUOO MOXKHO COCTABHTb OCOb0e BbIPa2KeHHe, Oovlee COK- 
HOrO BUa. 

3) Otpnuamme X (uvtactres: ne uxc). He axe HCTHHHO, 
KOrqa HKC J02%KHO, A Haobopor. Hanpumep, X=Morop_ epa- 
Wyaercs — AOKNO; TOrda A=Morop xe 6paujaerca — uctTunno. 

4) Umnukaunan X— Y (ynraeted: ecan uke, TO urpek.) 
Hanpumep: Ecau xaonka nawata, TO MoTOp epatuaetca. On- 
HakKO STO COOTHOIUEHHE He CjlelyeT MOHHMATb B CMBICIe MpH- 
YHUbI H CJICACTBHA, T. e. B CMbICMe: Ecau KHONKa HaHaTa, TO 
TOCOd tt TOAKKO TO2Oa MOTOP BpaujaeTcA. Bricka3bipanne X 3 Y 
HCTHHHO Bcerga, kKorfa X mOKHO HM Korga Y uctunno. Oxo 
JIOMWKHO TO.AbKO TOrla, Kora X HCTHHHO, a Y soxKHo. 

MOKNO BBECTH Cle H ApyrHe 31@MeHTAapHBle CBA3H M@XKAY 
BbICKa3bIBaHHSMH, 
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TIpuMeiiasd OCHOBHBIE CBASH HECKObKO Pa3, MOZKHO o6pa- 
sOBaTe H3 JaHHbIX BbICKa3biBaHHH BCe Ooslee CJIOMKHbIC, Ha- 
IIpHMep: | 


(V\W)&X&Y} um (X&Y\V/Z)utT. a, (7.1) 


Kaxknoe Takoe CHOKHOe BbICKASbIBAHHe —— JIOPHNeCKaA 
(YHKIHA — MOXKET ObITb JIMHO HCTHHHDIM, JIHOO JIOXKHDIM B 3a- 
BHCHMOCTH OT KOMOHHAaIMH WCTHHHOCTH HM JOMXHOCTH BXOAA- 
ULMX B Hero JOrH4eCKHX apryMeCHTOB—He3a4BUCHMBIX MepeMeH- 
upix X, Y, Z, V, W. MoxHo MepeuHcuIHTb Bce KOMOHHAaILUH 
gHayeHHii aPryMCHTOB HW WWIA KaKAOTO BHIMHCIHTbh SHAYCHHe 
dyukunn (B NpHBeeHHOM Mpumepe HX Bcero 25 = 32). 

3yauenna CIOMKHOrO MOrMuecKoro BbICKasLIBanua O(X, Y)— 
ylornueckolt (byHKUMH OT ABYX apryMeHTOB — MOXKNO HaNiAATO 
mpelcTaBuTb B BHe KBagpaTHol Ta6anub. pa cro6ua 3TOH 
TaOJIHUbl COOTBETCTBYIOT 3HaYCHHAM He3aBHCHMOro TepeMCH- 
Horo X, a jee crpokH — 3Hayennam Y. Ha mepeceueniiax CTPOK 
H CTOJIOUOB MOMeLeHO COoTBeTCTBYIOIce sHaueHne yHKWHH 
p(X, Y). 

O6puHO HCTHHHOe BbICKaSbIBAHHe OOO3HAUACTCA CTHHH We, 
a NOKHOe HYJe€M B ZBOMYHOM asidaBuTe, NOCKOJbKY 3HAUeCHHA 
KAKMOFO BbICKa3bIBAHHA YKafbIBaloTCA B TOT anpaBut. 

Jia KOHDIOHKIMH, MMSbIOHKIMH WH AMIVINKAuH TaOJMILbI 
3HaueHHH BBITAALAT ClemyioumHM OOpasom: 


X&Y X\/Y Nanay 
eet WN] x) o | 
4 Y Y 

0 |00- O° lags 0 10 

oe ES i 


Jlio6yio ueTbipexsHauHyio TaOIMUy Takoro BuAa MO2KHO 
MpeACTaBHTb C MOMOI{bIO HeKOTOPOTO JOPHYCCKOTO BbICKa3bI- 
BaHus. Tak, HallpuMep, TaOMHIa COKCHUA B JIBOHUHOM CHCTe- 
Me CUHCJICHHA, KOTOPaA 3aliHCbiBaeTCA 
Y 

0 0 | 


ll 





l 1 0 
copnamaer c Tadjuuel Wit JIorHyecKoro  BbIpaKeHHA 
X\VVV& (X&P). 
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Jtwonuitas TAOMULA YMiOAKCUITS CORA Er ¢ TAO TCH 
KOH DIOHKUHH, : 

Boobule, u06y10 byHKunio or & apryMeHTosn W (:X1, Xo,..., 
X,), ecH CaMa (byHKuHs WH KaxK Abi 43 eé aprymeHToB MOxKeT 
NPHHHMaTb TOJIbKO Ba 3HaYeHHSA, OGo3HataeMpe Ou l 
COOTBETCTBEHHO, MOMKHO 3a2aTb B BUe TAG MILB: 





x; Xo 7 * pe W(X, Xo, . caecee) 
0 0 0 W (0, 0, wt ay 0) . 
0 ¢) | W (0, 0, my yey 1) 


1 1 BWC cs: auf), 

Ynclo = 3HayeHHi = aHnoit @yHkuHK or k aprymentos 
(4uCJIO CTpoK B Ta6Hue) papno 2°. O6mee YACIO BCX BO3- 
MOXKHBIX PYHKUAH oT k apryMentos papuo 22%. 

Jl1io6yl0 PyHKUHIO, 3a4aHHYy10 TaOIHWeH, MOKHO BbIPAsnTh 
C MOMOUIbIO POPMYVIbI, HCHOUIb3yA SJICMCHTAPHble JOrHyecKkue 
PYHKUMH: KOHDIOHKIHIO, AH3bIOHKUHIO OTPHUWaHHe vy, HaoGo- 
PoT, o6yio (bOpMysly MOxKHO 3anHcaTb B BHLe Ta OVJIHILbI. 

Ta6Julla, COCTOALMLaA TONbBKO 3 CMHHHIL WJIHM TOJIBKO H3 
HyJleH 3aaeTCA TAK Ha3bIBACMBIMH BCerla HCTHHHBIMH Ht Beeraa 
JOKHABIMH BbICKA3bIBAHHAMH, MPHMepaMH KOTOPbIX MOFyT C.Ty- 
KUT 


X&X=0; X&X\/YR¥ =l ur. o. (7.2) 


Moxio MOKa3aTb, 4TO AIA CocTaB/leHUA BCeX CJLO2KHBIX 
BbICKa3bIBaHHH, KOTOpPble MOyyawTca c MpHMeHeHvem OTDPH- 
JaHHA, KOHDIOHKIMH, AH3bIOHKIMH HW MMIMINKalhy, AocTatouno 
fObKO ABYX ONepalH — OTPHWaHHA WH KONDIONKUMH. Torda, 
4aANPHMep, MMIVIMKAWHA BbIPAaSHTCA TAK: 


X+VY=XV\Y, (7.3) 
1 AH3bIOHKILHA 
X\VY = XY, (7.4) 


TO HETPYAHO MpoBepuTb No TabMWaM. Siecb 3HaK paBeHctT- 
‘a O3HAUaeT SKBHBAJICHTHOCTb OOOHX BbIPaKeHul B CMbICe 
(OKHOCTH WH HCTHHHOCTH. OO6bINHO, OfHaKO, MpHMeHSOT 
H3bIOHKIMIO JIA YNPOWeHHsH 3anlucn. 

B apyrax pa3menaxX OrHKH—uCUNCeHUH TpeAHKAaTOB 
MCUHCJICHHH = KaCCOB—MpPpHMCHAIOTCH QOpMasbHO Te xe 
OOTHOIMCHHA MeKZY JIOLHYeCKUMH TI@DCMeCHHbIMH, HO B HHX 
KaQblBaeTca WHOK cMbict. Murepnpetauia slornueckux 
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CBMBCH B HCUHCHCHtH KldcCuB BB pale clydaes MOMOrdel 
OCBOHTbCa C POPMaJH3MaMH TCOPCTHYECKON JIOPHKH. 

B WCHHCAeCHHH KlaccoB Mo, MepeMeHHoll X MOHHMAIOT yxKe 
He BbICKA3bIBaHHe, a KaCC W.IH MHOMKECTBO 9/ICMCHTOB HJM 
mpewMetos, Wii KOTOpOrO HCTHHHO  Aalllioe yTBepxeHHe 
(npenuxat). [Ip stom B paccMOTpeHHe BBOTATCH TAKKE 
nycTOH kKélacc, He comepxalluli QJIeMeHTOB, H Klacc BCEx 
IpeAMeTOB, BKUOUAIOWHH BC€ BOSMOAHBIC ayemMeHTbl. MoakHo 
W306pa3HTb KAACC BCeX NpeAMeTOB B BITC MIOULALH TpAMO- 
yrowbuuka HW Kdacc X Kak YaCTh TO NOAH, OrpavHyeH- 
HYyIO, HampHMcp, OKPyKHOCTbW. Torna Bpipaxenne X &Y Oy- 
eT mepeceycHHeM KJIaCCOB Xu Y, vr. @ Mroulaipw, WpuHaA- 
nexaulel O6OHM KJaccaM OAHOBpCMCHHO. Tlogo6uble HCTO.I- 
KOBAaHHA MoWyyaior H ApyrHe JOPHYCCKHE BLIPaKeHHA. 

Vnorga juin o603HayeHHa KOHBIOHKIMA MpHHMalor avIre- 
O6pauyecknii 3Nak YMHO?KCHHA (-), HAa QU3bIOHKUMA—CIO- 
“KeHuA (4+), H BBOAAT anre6panvecKHi 3liak paBencTBa (=) 


Mees AY, XV reir. (7.5) 


IIpiMenas 9TH OOO3NANeHHA, Mb HpHXOJMM K TIPHBBITHbIM 
H HOTOMY .1erKO 3aNOMHHAIOUUIMCs COOTHOUCHHAM: 
X&Y X\VY O4X=4 
0-.0=0 O0+0=—0 0X ==0 
0-1=0 O+1=—1 ee, oF, ¢ 
1.0=0 1+4+0=—1 X-+Y=:Y-+X 
l $ Lisl X-Y=Y¥-x 
X44 Z)=(X+Y)42 
XZ) H(A )Z 
X(¥ 4-Z) = AY AZ 


(7.6 


Onwako cooTuoueHve 1+1l=1 ye BBIXOAHT 3a npeweu 
IPHBBIMHBIX. Kpome Toro, B 9THX OOO3HaUeCHHAX BEPHbE TaKK 
U CJeLyIOline COOTHOLMECHHA: 


X7-X4X4X=X; X.X-X-X-=X, X11; 
XLYZ=(A+Y)-(A +Z)uTv. a. Ce 


Tu COOTHOUIeHHA HC BCPHBI Ast OObINHOM aare6ppt. Ilo: 
TOMY, BO H3GerxKalllie Heopa3syMeHHH, sioriuecKHe = CBAS 
qyumie 3allHCbipaTb 6e3 MOMOILM aIreOpauyecKHx 3HaKo 
OCTABHB TOJIbKO 3HaK PpaBeHCTBa. 

To6oe CMOMKNO MOTHYeCKOe BbICKASbIBAHC MOAHO TIP 
BeCTH K Tak Ha3bIBaeMOll «NOpMa1bHOH (popMe», mpemcta 
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AMOMeH co6oll KOIbIOIKItIO  HisteltGB, COsepKalHX TOKO 
AMS'DIOHKUHH HCPCMCIINbIX H HX OTPHIWAHHil WH oKe DH3bIOHK- 
WHIO KONDIONKUNH wicHoB. [IpuBegeHHe K HOpMaJIbHOM copme 
NPOH3BOAHTCH MOCIeCTOBaTebHBIM IIPHMCHeCHHeEM 3KBHBAVICHT- 
HBIX N1peo6pa30BaHuit Buna: 


X&V =VEX; X\/Y=eV¥\V/X (KOMMyTAaTHBHOCTH); (7.8) 
X& (¥\/Z) =X8&Y\/X&Z;  X \/ (V&Z) = 
==XVY&X\/Z (auctpu6yTuBnocts); (7.9) 
(X&Y) &Z = X& (Y&Z); 


[eo 
(@®| 


Puc. 7.31. CumBoanueckoe H300pamwKenHHe JCPANCCKIHX 
OnepauHh B HCYHCeHHH Ksaccos. 





X\/ (¥ \/Z) = (X\/Y) \/Z (accounatuBuocts); (7,10) 
X=X; X=X; XAV=XVV; XVV =Xay. (7.11) 


O6osHauand cHO%KHOe BHIpaxeHHe W (B BHge dyuKuun f) oT 
aprymMeHToB X,, X5, X3,..., 


ny? 


W=7(X,, Xo, X35, eee y xX ), 


"t 


MOXKHO [NOKa3saTb, TO sbyHKuna f (X,, Xo, Xo... , X,) papna 
ee pa3JOXKeHHIO MO OAHOMY WJIH Govlee MepeMeHHBIM: 
AC. Giine, Cran. teary, hE. 7-0 0 Co. Cone X,)1V 
WTA BI(Oe Nay Nak MEAD) 
14* yay 
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ea aan ee A ees AANA) ON nets Ag 
WX GX eh (10, A a56 ta) \V 


WV [Rie isk Oy ly Movers X IV 
Wi [Ahk ohh O) Oy AagaeargAgl (7.13) 


We Te he, WH eke 


Oe Kaka a Gi gn SGV Usa nt hare 
Ca COs (Une, Geer Grae, © ram ere. re 
SAK 10,0, Aneeveda le 

SG A UT, A ayn XO 
aD Gey, tas ac len, (Comer ert, 8) | 


RTA, Awy] Coty mass ees A) (7.11) 
WT 7ke 
[potomkad pas.1oxwxCUHe H NPOBOAN ero HO BCeM MepeMei- 
HbIM, HOTYUHM BhIpakenne W B OMMOH H3 HOPMAJIBUbIX (POPM. 
OTrMeTHM eIle OrHyeckylo ONepaHloO, OOoO3HAUaeMYIO Tak 
Ha3piBacmMpimM 3iaKkom IJledtpepa, Ora ouepalas wirrepeciua 
TCM, YTO BCE AOPHUCCKAC CBSI3BH MOATIO NPC AcraBuTh C MO- 
MOILDIO ONO! STON omepauUH. Caasb WByX MepeCMCHHBIX Xu Y 
C nmoMoulbio 3Haka Ieddepa o603nauaetca A/Y uw 3aricbl- 
Baetcs cmoBamu: X uw Y necoeMecTHbol, DTa CBA3Sb IKBHBAACIIT- 
Ha OTPINLAHO KONDIOUKUIN WT Aes bIOWKINI OTPHILAl HH 


XJVa2X &Y = X\Y. (7.15) 
B 9roll 3anucu 


, YW my | — YI ry 
X/X =X; (X/X) (VY) = X|¥ = Xx eae ie Te 
OucBHAHO, CCIM AH3bIOHKUMA H OTPHIaHHe MoryT ObITb 
BbIPAXKCHbE C MOMOMLDIO TOADKO 3HaKa IHemadepa, To TO He 
MOMUO GIGHTb I CO BCCMH OCTaTIbHDIMH ¢BA35MH,. 


PeneHHbie CXeMbI 


Pene c ABYMSH KOHTAKTHPYIOWHMH = 3X1€KTPOAaMH MO“KCT 
UMCTb JIMUlb IBA COCTOAHHA: BKTIOUCHO H BBIK.OUeHO, Noso06- 
HO BLICKAa3bIBaHWO JlOfHKH, KOTOpOe MOxKer ObITh HOO HCTHH- 
HbIM, HOO JOMKUDIM. JIOPHYCCKHE CBASH MCAKLY  BbICKa3bIBa- 


alee 
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HHsSIMH MOryT ObITb ycCleuIHO COMOCTaBJIeHbI CO CXEM@MH B3a- 
HMHDBIX COCTHHEHHH MeKAY pele. 

ConocraBJeHHe COCTOAHHH pele C HCTHHHOCTbIO BbICKAa3bI- 
BaHHli MOXCT ObITb JLBOSKHM: 


HOO 
| = UC MUHA = BK AIOLeCHO (KONTAKT) 
0 == NO HC6=6 LK AI04CHO (paspbls), 


HOO 
| =UCMUnA = 6K AIOLEHO (paspbiB) 
QO = NOH 6=6K AIOVEHO (KOLTAKT), 


7 Aca: a | 

ne rere 

| x PS, eRe XBY 
: y 


z= 
Y ee | 
<—. ~ 


Pie, 7.32. Peacitipe cxeMot, nso6parkaionie cstornueckue OHCPaHH it, 


O6a Tia ComocTaBcHHii PaBHOWeHHb! 1 pasnonpasBubl, Onn 
oOpasylOT Tak Ha3bIBaeMble B3aMHble CXEMbI COCAHHCHHIT, O UeM 
Mbt CK@2KeM H€CKOJIbKO CJIOB M032Ke, 


Bocno.b30BaBlHCh, HAlpKMep, ComoctaBicHHeM nepBord 
THI1a, Mbl TIPHHHCHIBACM Ka#KAOMY pele OHO oCnpesemteHHoe 
BbICKa3biBalve (X, Y, Z...) HW, COeMMHAA peste [pyr c upyrom, 
NOTYUAM CXCMbI, SKBHBa&ICHTHDIC CclOXKUbIM BbICKa3hHIBANHHM 
CUBYXHOWOCHHKH). Best cXCMa B ILCTOM OT BXOJ14 JLO BbIXOJLA 
OyACT MaBaTb CUCHHICHHE HH pa3spblB B  COOTBETCTBI: 
C MOMKHOCTbDIO HIM HCTHHHOCTHIO CIOXKHOTO BbICKAZbIBAHHSL, 
KOTOPOe OHA H300PpakKaet, HB SABHCHMOCTH OT  BKIIOUCHIS 
(HCTHHHOCTH) HH BBIKNOUCHHS! (1Ox%KHOCTH) pele — «apry- 
MCHTOB». 

B Takoli CHCTCMC CONOCTABICHEA KONbIOHKUHS H306pa- 
MKaeTcsH MOCICLOBATCJIbHBIM BKMOYCHHEM BYX pele (cM. 
pue. 7.32). KOHBIONKIMA HCTHHIAa Torg§a I TOIbKO Tora, 
KOra HCTHHHHI 06a BbICKa3bIBaHHS!. TloczegqoeatTebHan Web 
NPOBOAKT TOra H TOKO TOra, KOPa BKJUOYeHHI O64 pee. 
TH3DIONKIHS H306Pa3HTCH Napa.VICIbHbIM EK-TOUCHHCM KOH- 
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TakTOB. OrpHuaHne H300pakacicaA KONTAKTOM, pa6oTalouluM 
NPH BKOUeHHH pele (HCTHHa) He Ha 3aMbIKaHHe, a Ha Pas- 
MbIKaHHe (Ha CXe€MaX H306paxKaeTCA YePUbIM KOHUTaKTOM). 


Ccopmy.1upoBaB H 3amHCaB JIOFHYCCKHCE BbICKASbIBAHHA, 
MOXKHO MepelitH OF HHX K Pe.TelHOH CXeMC. 


TIpuMem, HanpHMep, CAeLVIOUHe COO3HANCHHA JIOPHTCCKHN 
BbICKa3bIBaHHH (MH COOTBCTCTBYIOWWHX HM KOHTAKTOB): 


D,, Do—7BepH wHipTa Ha NePBOM H BTOPOM 9TaKax 
3AKPbITHI, 


D,—aApepb KaOHHb! An@Ta 3akpbita, 

[] -——accaxkup HaxoJHTcaA B KaOuHe, 
K,—kuonka cnycKka B AH@Te Hakata, 

Ky — KHONKa BbIZOBa Ha NepBOM 9Tarwke Hamata. 


po ee: 


D, D, 
7 1 


Puc. 7.33. Cxema yipaB Tenis “prom, 


Cibopmyaipyem COKHO — BLICKASIBAILIC, — IKBUBaICHTILOC 
YCMOBINO BKIOUCIIHA MOTOpa aidta — Brus: 

(qBepb Ha NepBOM STAKC 3aKpbITa HM ABepb Ha BTOPOM 9Ta- 
%Ke 3AKPLITa H ABepb KaOHHbI 3aKkpbiTa HM MaccaxKup B KaOHle 
Mu wakata KHonKa crycKa) WIM [ABepb Ha NEpBOM STAKE 
ZaKPbITa WH jJBePb a BTOPOM 3TAKe ZakpbiTa H MaccaxKupa HET 
3 KAOHHE WM KHONKa BbI30Ba Hakata HW (ABepb B ANTE saKpbita 
HAW He 3aKpblta)]: 


M == (D,&D,&D_&IT&K ,) \/ 
\/ [D&D &ITKK & (DV D,)). (7.16) 
I TpevodpasyemM 
M-=(D,&D,) & [(D,&/T&K )\V (1&K,)]. 
Cxema, peasH3yloulad S9TY  AOPHYCCKY iO opMYy Jy, MpH 


BefleHa Ha puc, 7,33, 
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Hpyro# mpumep. Heo6xogumo tpemsa KOHTaKTopamH K,, 
Ky, Kg BKMOY4aTb TPM HCHOMHHTeIbHEIX MeXaHu3Ma M,, M,, 
M, B KOMOMHaHAX, 3afaBaeMbIx TabuMUelt 


K, K,  M, M, 


See ey ee es 


m-OoO-r-O-- Or; Oo 


Ftd 9THX MeXAHH3MOB COcTAaBJIAeM TO Ta6/JHUe BbIPaKeHH | 
TaKHM CNOCO6OM, uTOGbI AIA KaxKOrO COCcTOAHUS, KOrZa Me 
XAHH3M BKJNOYeH, NOJIYUHTb KOHB{OHKILMIO BbIPaKeHHH KOMMY- 
TaTOPOB, H 3aTeM BbIPAXKeHHA 3TOTO BHLa OO DEAHHHM 3HaKaMu 
AUS bIONKUNE, 


My == (K&Ky&K3)\/(K & K&Kq) \/ (K,&K &K3); (7.18) 
M, = (K,&K& Ky) \/ (K,&Ky&K3) \V (A, &Ko&K 3) \/ 
\V (K  &K,&K 3) \/ (K  &K&K 3); (7.19) 
Mg == (K,&Ky&K 3) \/ (Ki &Ko&K3) V (K,&K&Ka). (7.20) 
Yrpoulad, NovyuuM: 
M, == K,& (Kz \/ K3): 
Mo RNR RK): (7.21) 
M, == K3& (K, \V K,). 


Ilo sTHM ChOpMy/laM COCTABJINe€M CXEMY, MpHBeseHHYIO Ha 
puc. 7.34. 

EculWw yuecTb, YTO YHCJIO BOSMOKHDIX CJIOMHBIX BbIPAKeHHH 
€ pOcTOM UHCcIa JIOrHuecKHX apryMeHTOB 2 BO3pacTaeT 


Kak 9?" WH yxKe Mia n=6 cocraBaner 2,5-10!9, To craHet 
ACHO, UTO HavIHuHve CTpororo POpMaJIbHOrO MeTOa AIA MpoeK- 

THPOBAHHA CJIOXKHBIX CX€M ABJIACTCH BCCbMa NOJIC3HBIM. 
Ilpapmaa, ammapaT HCuHCIeHMA BbICKaSbIBaHHH He MaeT 
BOSMOXKHOCTH MpOeKTHPOBATb HAH MTYUUIHE CXeMbI, HalpH- 
Mep, B CMBICIG HaHMCHbUerO YHCJla BICMeHTOB, H WA pelle 
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HUA STO BaKHOll JIS] TEXHHKH 34/a4H MPHXNOANTCH MpHOerath 
K HONG-INHTe@bHbIM NpHeMamM. B stoli ouvenb TpyaHol OOMaCcTH 
cfleslailo yKC MHOFO, HO B He cile HMeeTCH MHOTO Hepellen- 
HbIX Mpo6ieM. 

SIcHo, UTO B KaveCTBE KOMMYTHPYIOULUX IICMCHTOB MOFyT 
MpuMeHATbCA 91eKTpoHible aAamnpl. TipHBeaemM HeKOTOpBIC 
CXCMbI C HX TP¥MeHeHHeM B KayecTBC TIPHMepa. YxKe 3HaKkO- 
MBIT HAM BCHTH.1b Hel KaCKa; COBMAeHHH peaJlu3yeT JOrMue- 
CKYIO ONCpalHvlO KOH bIOHKUHH, CoOupatebubllt KaCKay BbIIIOJI- 
HACT MHOPOKPAaTHY!O AM3bIOHKIHIO, Pete YeKOPCHHA, YNOMI- 





Puc. 7.34. Cxema yipaBAeHHA TpCMA Mexani3MaMu M,, 
M,, Mz © MNOMOU\bIO TpexX KOHTAKTOPOB Ky Ka K3- 


Hapuieecs! HaMa B Pt. 2, BbINOAHACT OTe@PallHiO KOH DIONKIAH 
cHriada (NUCHO) OT KOUTPOATepa Wo OTPIHLAls curia.ta 
(He203) OT MoOTOpA. 

Kak Mb y#XC TOROPHAH BBILIC, MOAKHO BMCCTO HPHMCHSIB- 
mierocs. HaMi jlo CHX Hop oGo3nayenHaA (1) 449 HCTHHHOCTH 
IPHMCHATD HC COCAHHEHHe, a PaspbIB KOHTAKTOB, An JIO%K'HO- 
crn (0) —-He pa3pbIB, a COeAHHEHHE. B 9T0M Cly4uae KOH'b- 
IOHKILHA H306Pa3HTCA NapadWICbHBIM, a -WISbIOHKIMIA noc.1e- 
NOBAT@JIbHbIM COCAHHEHHEM KOHTAKTOB. 

Tipe cxembl, MpibewetHbie Ha PHC. 7.36, QIKBUBAJICHTHBI. 
Ha nepoli cxeMe HNCTHHa H306paxKaecTCA 3aMbIKAHHeM KOHTAK- 
TOR, Ha MpaBoH — Pa3MbIKaHHeM 


X&V\VYVU SERV NY. (7.22) 
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; eae TOUKH CxeMbI / cTaHoBatcs KOHTYPaMH cxempr // 

oo ee (BK1104asd BHeMHHE KOHTYP, NOKA3aHHbIit NYHKTH- 

ee - JAMKHYTbI€ KOHTAKTbI Ccxembp / (HcTHHa) NpeBpalaror- 

Tae ae KOHTAKTbI Cxembl // (ucTHHa) 4 HaoOopor 

CMbI Ha3bIBaIOTCA «B3aHMH } 
0-OOpati : 

Ree PaTHbIMH» HIN «B3ga- 








AL- 
X&y: 


Puc. 7.35. Suextponnnie CX€MBI, H300PaRKaloulne Jorn- 
HeCKHE Onepaun, 


ae eae BbIDAXKeCHHA UCUHCeHHA BbhICKA3bIBaHHH m903- 
oe ONHCaTb B aJIre6panueckoif (opme w106bIe PesleHHo- 
fondo ie oc OAHOBpeMeHHO Ha penelinsix  cxemax 
CTPOHTb aHasor mo6oro BEIpax 
Z eH 
BhICKa3bIBaHHti. PaxKeHHA HCHHCTeHUA 
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See eS ee 


c 
| 


@ 








Puce. 7.36, B3anMuo-odparible CXeMbL 


MauiHHbl WH MbILLIeHHe 


CoppeMeHHble = 31CKTPOUNDIC BHITHGIHTC-IbHbIe = Mal Alibl 
yxke Hava HOBy!O SNOXy B KHGepHeTHKE HECMOTpA Ta TO, 
uTo 1M oT posy Beero 12 <IcT. BiicTpota o6pa6oTKH HMH HiT- 
(pOpMailHH, THOKOCTH, C Kakoll OHH MOoryT NepekmNodaTbes 
c onnoil Onepalnu HC OANON Salaun Ha ‘pyryio, pasHooopa- 
3He BbIMOSUHeMbIX onepalHil i, jaKkOHeL, Hadnie COOCTBCH- 
Hoil MaMsAtTH wu HeKOTOpad CaMOCTOATETbHOCTD MaWHH, pado- 
THIOULNX NPO/LO.PKHTeIbHOe = BpeMa 6e3 BMeLIATeIbCTBa ONC- 
paTopa, — Bce STH YepTbl COZ1aIOT Ka¥eCTBEHHO HOBOe ABTC- 
uve. MawnHbl moyyaioT BCC HOBbIC H BCE Goce YHHNBUTC.Ib- 
ible TIPHMCHeHHA, ONS BbIPbIBAIOT Y yeloBeka OAHY 34 JPy- 
roii ero, Ka3aloch Obl, HEOTbEM.ICMLIC Ye-1OBCUCCKHeE OOA3AHHO- 
CTH, gaMeHsIOT ero TPYA BO Be GocblleM KOJIHNeCTBe ONMepa- 
uni, KOTOPble BCerqa CHHTATHCD O61actbiO YMCTBCHHOH pa- 
6oTHI. | 

B caMom fee, eciH Obl Mb YCTbillat 3aNBIcHHe O TOM, 
uToO MOKHO He AYMaA NepeBOHHTb TEKCT C aHrMHcKoro 
q3bika Ha pycCKul, BbIONPAaTb HYKHBIC KHHrH Hn OudsnMorpa- 
cbH4uecKHe KAPTOUKH H3 KaTaJlora, BecTH OyxraTepckun Yuet, 
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NPOAABaTb KEe3HOMOPORHbe OuJeTh, LaBaTh CIP aBKH O pac- 
THCAHHH TlO€3N0B, YNPaB/IATb BHXKeHHEM caMoseToR Hay 
a3POAPOMOM H BBIBOAHTb MallIMHbl B HYKHOM NOpAdKe Ha No- 
Caaky WH BCe 3TO AelaTb 6e3 OWN60K HC HEBEPOATHOH cKoO- 
POCTbIO, MBI He COrIaCHAHCb Obl € TaKOH BO3MOXKHOCTbIO H 3a- 
MpPOTecTOBaH. OHaKO COBpeMeHHBIe SJICKTPOHHbIe BbIUHCAIH- 
TeADHBIC MalIHHbI NealoT BCe STO H MHOFoe Apyroe, H, KOHe4- 
HO, BCJle. 3a STHMM ONepalwAMH OyAyT NOABAATECA BCe HOBIE. 
SHAaYHT JM 9TO, YTO MALMHBI AYM 4alI0T, BbINOJIHAA “esIOBeUe- 
CKylo paOoty, MyMawrT Tak, Kak ayMaer YeJIOBEK, LeTaloulyit 
TO Ke caMmoe? 


ITO — BoNpoc, Ha KOTOPbI HenerKo OTBETHTb, MaKe CTO 
nepe HUOM @axktos. AcHo, yto pe3y1bTaTb paéor 
*KHBOTO H MALIHHHOrO NepeBOTYWHKOB Cc aHTaHlicKoro saB3bIKa 
Ha pyccKHl copnaslaror. SlcHo, yTo usnyeckue Mpomecchl B pa- 
Sore YeNOBekKa H M@IUMHbI He HMeIOT HUYerO HA MOUTH HUYero 
o6mero. MH B ToM 4 B Apyrom cayyae peyb useT 06 ObpaboTKe 
HIIPOPMalHH, KOTOPaHN 3aKsT10NeHA B CHTHaJ1aX, BOMJIOULCHHBIX 
B ONPCACICHHOM H3HYeCCKOM Mpouecce, 3aKOMUPOBAHHBIX He- 
SOTOPBIM KOTOM B OlpeweeHHoM apaBute nu mpeo6pasye- 
MDIX B COOTBETCTBHH C HEKOTOPbIM aJIrOpHTMOM. Bce sti yepTol 
KHOepueTMYeCKOrTO Mpowecca nepenona Pa3JIHYHbI WIA XKH- 
BOrO H MalNHYHOrO Me€peBOAYHKOB, KPOMe, ObITb MOXKET, aJro- 
PUTMa TpeoG6pasoBanna, KoTophili, NO-BHJAMMOMY, HMeer MIIO- 
ro oOulero AI OGOHX HepeBoRUNKOB. Oba NepCBOAYHKa nmepe- 
KOJHPYIOT HNOpMalioO C Kosa, NasblBaemoro alrsuiieKuM 
ASHIKOM, B KO,l, HMCHYCMDIT pyCCKNM SA3bIKOM. 

Ecw Ke MbI COPlacHMcs CUHTaTb, 4TO 9KBHUBAJICHTHOCTH 
PESYAIbTATOB BCYET 3a COOOH SKBUBA.ICHTHOCTb TEPMHHOB, TO, 
OYAYYM NOCIeLOBATeCAbHEIMH, MbI O683auLI 6yTeM IipH3Harb, 
UTO Mpocreifuide CHrHadbuble ycrpolictBa, HaANpHMep nomkKap- 
Had CUPHAH3aUHA WML Aee3HOMOpOK ad aABTOOMOKNpoBKa, 
TAKKC OOMALaIOT CHOCOGHOCTbIO ZYMaTb. DtTo sABHO II pOTHBO- 
PC4HT HHUTYHTHBHDIM TpeAcTaBJeHHAM O Mpowecce MbIUWTeHHA 
H MOTOMy C 3THM JICIb3a cordacuTscs, [lo-sugqumMomy, camoe 
NOHATHE <AYMATb» TpeOyer YeTKOrO MH OLHO3HAaUNOrO OMpene- 
JeHun. OnHako Takoe onpemeweHue Math HeverKo. 

To, uTo MenaeT yeoBeK, NMpOHCXOAMT NocpeszCTBOM (DH3HO- 
TOPHYECKOTO Npolecca MbIWIeHHA. Mobiluvietve 6osee o6mmNp- 
HO, YM Te PYHKUMH, KOTOPHIe OHO BbINO.HAeT ApH nepeBose 
c aurmtulickoro Ha pycckult. To, uto menaer Mauna, ona mIpo- 
H3BOAHT C NOMOUIbIO SJeKTPOHHbIX mpoiteccos. HM dusnosorn- 
UCCKHH MpOWecc MbILLWICHHA, HN 3ICKTPOHIIbie Mpoueccsl Bprlunie- 
CHHH B Cy4yae NepeBowa HMeIOT OAMHAaKOBOe HHOpMaunou- 
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Hoe conepsxkanue. [lo CBOHM BO3MOAKHICTAM MBILUCHHe WIKDe, 
YeM BO3MO%KHOCTH COBPeCMCHHOM BbIMHCANTC.TbHOH MALUMHBI. 
Ilo cBoeli (bu3HueckOll NpHpoAe MbITeHHe We WMeer HHYero 
o6ulero ¢ paOoTOH MallHHbl. 

Onnako Mocko.ibky o6a npouccca BeAyT OT OAHHAKOBBIA 
MCXOANDIX JAHNDIX K OJWHAKOBbIM PC3yIbTaTaM, H NOCKO.IbKY 
06a Mpowecca ABIAIOTCH KHOCPHETHYCCKUMH, T. C, CBSASAHITDI- 
MH Cc HH(OpMalHell, HC.1b3a He NPH3HATb, YTO OHH POAct= 
BCHHDI. 

Knu6epiernyeckoe, HHPOPMANHONHO COACPAKATHe M DILL Ie- 
HHS H COUepKaHHe 9.ICKTPOHHBIX BbIUHCICHHH MepeceKalortcd 
B Y3KHX OO61ACTAX, HO HE COBMAAAaIOT MO-THOCTHIO, Du3snyeckHe 
npowecch! B OHOHX C.ly4aAX pasJMaHDl. 

Moxer JM MalJMHa, XOTH Obl B MpHHLNe, OXBATHTb BCC 
O6s1aCTH YeIOBCUCCKOFO HUTC.TIeCKTA H MOANO .WH PaCUIHPHTs 
ee BO3SMOMKHOCTH 3a MPC eb! YelOBeUCcckKOroO MDILICHH A? 
Stor HOBbII BOMpoc NoKa He HMeCT PeHICHHA. CerosHsa y lac 
He? AOCT3ITOUNDIX OCHOBAUAI OTBCTHTh Ha Hero TBEP-O Aa WE 
HET, HO CPO MOKHO WH UYKHO OOCYKAATH, las toro »Ke, UTOOb 
MONONTH K O6CyKACHHIO ITOTO BOMpoOca, HCOOXO,LUMO 3HaTb, 
UTO NpeAcTaBAAOT Cobol NpPOUecchl, MPOTeKAIOUlhe wo UC 1OBE- 
yeckomM Mo3re. K paOoTe Mo3ra MBI Ho/lofimeM BTA. Y. 
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C10Bo «po6oT» mpnnannexut YeMICKOMY TMHCaTeWO-cartu- 
Piiky HW ny6samtucty Kapeary Yanexy *. 3t0 c1oBo MIpouHo 
BOUNTO B A3bIKA MHOPHX Hapogos. Y Uanexa PpoGotn (4306pe- 
TCHHBI€ HHKeHEPpOM PoccyMom >xxKUBBIe aBTOMATHI) HAeabHO 
NPHCHOCOOJIEHBI Qa pa6otn na CTaHKaX BMECTO pa6ouHx. 
OHH He o61anawrT TeTOBCHECKHMH UYBCTBAMH HM JIMLIeHR Te- 
JOBCUECKHX 3ampocos. IIo mepe YCOBCPUICHCTBOBAHUA po6o- 
TOB OHH H3 AaBTOMATOB NepepactaloT B HeUTO HHOe H B (bHHae 
ApaMbl YHUYTOKAT CBOHX XO3HeB, HO BhHIHYKAeHbI NOTHOHYTh 
H CaMH, TaK KaK TOJbKO JIIOQH BUallelor C€KPeTOM H3roToORVe- 
HHA podotos. Ilocmegunit v3 OCTABUIHXCH JOell BK4/1bIBAeT 
B poOoOTOB cBOlicTBO KeNAaTh Pa3sMHOK ATCA. 

XVAOMKHUKH-KapuKaTypucrel JIOOAT H3006paxKaTp poOoToB 
B BUAC HeenbIxX MUuryp, CKpenMeHHBIX OrPOMHbIMH WdpHupamu 
HM ONYTAHHBIX CBHTBIMH B CIIMpaJIbKu IMpOBOaMH. 

Hema.to AOCYKHX U300perateteh NoTpyWIOcE Haj u3ro- 
PORJCHHEM HTPYIUeK B POCT YeslOBeKa, HapOuuro MpHnyyj4Bo- 





* Karel Capek. «R. U. R» Hry. Ceskoslovensky Spisovatel. Praha. 
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Py Bigka, YMCMOLANA BETaBab, Ca-UNT bes, HOBOPAGHBaTbL POdO- 
BY, UPOH3HOCHTb (Ppasbl WT. J. | - 
Bee 3TH BbIAYMKU, paccuuTaHHble ia TO, uTOOb! NOPa3sitb 
BooOpaxkenne, a Moqyac H Ha CaMOM Mele MpOU3sBOAAUIAC 
AY- 

cHIbHOe BrlevaTieltie, COBCeM He Tak YAMBHTeIbHbI, Kak jell 
CTBHTCILNO HO7e3ibie po6othl, KOTOPbic He HMeroT Billa Ka 





Puc, &1. Podor ,Cadop IV‘ nsoGperareia Asrycra Ty6epa (1938). 


pukaTypbl Ha Ye/IOBeKa, He MOApaxKaloT BHECUIIC MaHepaM J 
TIOBCLEHHIO YeJOBeKa, HO 3aTO TOUHO 6e30IuN6ouHO, HeyTo 
MUMO H OBICTPO BBINONHAIOT OOASAHHOCTH, KOTOPHIE BCCTO He- 
CKOIbKO JICT Ha3aj, MOT BBINOJMATb TOJIbKO YeOBeK H aust 
apyroit. To u Heo MNOABTAOTCH COOOMeHHA O HOBBIX eas 
KEHHAX HHPOPMAULHOAHO! KHOepHCTHUECKON TeXHHUKH, H Tl 
sTux Hopocteli napactaeT. Mb Beatb AeaeM TOIbKO Me pBbIe 
po6KHe WarH MO NyTH CO31aHHA H gkCIy aT alu ees 
TDYAHO elle MpeABHLeTb, CKOMbKO OTKPBITHH, Laas Be 
HZ0OPeTCHHA MexKAT Ha STOM NYTH, KaKHe HOBBIe 

HeceT HaM 34BTpallHHh eHub. 
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Most 6yHeM Ha3bibath «po6otdMU», iidsibsyach iepiMi- 
HOJorveh Uaneka, aBToMaTH¥eCKHe ycTpolicTBa, B KOTODbIX 
peaJIH3Y10TCA CJI€XYIOWNe BO3MOXKHOCTH: 

1) aBToMaTH4ecKHe H3MepeHHH, HeMpepbIBHbIe HH DH- 
CKPCTHbIe€, HEKOTOPOrO MHOKeCTBA (H3HYeCKHX BeJIMYHH HU 





Puc. 8.2, Po6orb (8 n3s06paxenuH’ KapHkarypucra). 


ABTOMATHYCCKHH HeNPePbIBHBIM BBO, Mo Mepe MoJyyeHH”, 
pe3sybTaTOB H3MepeHHa (CHTHaOB) B pellatollee yCTPOHCTBO 
B CxeMe po6oTa; 

2) mepeqaua BXOJHBIX CHTHAIOB BHYTPH CXeMbBI po6ota H 
3anOMHHahHe HH(PoOpMaLHyH; 

3) o6pa6oTKa BxoHOH HHPOpMalluH B COOTBeETCTBAM C He- 
KOTOPHIM aJIropHTMoMm. AsropuTM MoxeT 6bITb He CQHHCTBEH- 
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HbIM, OH Mower ObMTb BLIOPall HZ MHOAeLTBa BOSMOANbIX at- 
POpHTMOB MO OpedeeHHOMY MpaBH.ly B COOTBETCTBHH C MO- 
CTYNaIOulell H3BHE WH HaKkOMIeHHOH panee HHOpMaliHel. 
B pesyiptate o6paOorku BxXOAHOH UHopMaunu oOOpasyeTcs 
BLIXOJHAaA, HCNOJIHMTesIbHaA HHDOPMallMA — peuleHue, 

4) WcHOomHeHHe peclWeHHsA, peaH3yemMoe B Bue eH CTBUH 
opylnli Cc HCMOb30BaHHeM, ObITb MOKET, 3HAYHTCIbHbIX KO- 
JUIYeCTB SHEPrHH; 

5) aproMatTuyeckoe H3MepelHe pe3y.1bTaTOB euCTBUA 
(KOHTPO.1b HCHOHCHUA) MH BBeeHHe NOAyYeHHOM HHopMa- 
IH BO BXO,IHbIC) ycTpoiieTBa B BHAC curHdata (o6patHas 
CBSI3b). 

CaAOKUbIL MA@lUuHHHbHT aBTOMaT-poOor cmoco6eH aBTOMaTH- 
YCCKH H CAMOCTOSATG.IbHO BBINOJHATb CAOMKHbIC OepallHnH, 
MpHcMocaGHBascb K MeHAIOWIUMCA BHeUIHIM YCJIOBHAM IH 
IIPOH3BOAA Ha BCAKOe H3MEHCHHE BHELWHHX BO3CHCTBUH HeKO- 
TOPOe OTBETHOe WeHCTBHe — PeAKUHIO, PallMOHaJIbHYIO B CMBIC- 
Ne peufaeMOH HM 3aa4yH, 

Po6or po3melicTByeT Ha HeKOTOPHI OODEKT, HaOMOMaeT 3a 
COCTONHHeM OObeKTA H Pe3ybTAaTOM ero OOpaOOTKH, BBINHC- 
heY Ha OCHOBANHH HaGAIOAeHHH, Kakve DeHCTBHA HEOOXOAMMO 
HpPesWIPWITh List atbueiwici = oOpadoTKH = HaywvlydHM 
(B CMDBICIe WeKOTOpOrO ONpeetenHoro KpHTepHs) o6pa3oM. 
Pesy-tbhTaThl BLIUHCICHHH BbIAalOTCH YMpPaBJIAOINeMy yCTpoH- 
cTBY (COCTOATIHE KOTOPOrO Take «H3BeCTHO» BbIUHCJIHUTeJIDHOH 
MALIHHE) H HCNOb3YIOTCA JUId MalbHelitmero BO3MeHCTBHA Ha 
OObeKT. 

Ilo rakoii cxemMe paOoTaer aBToMaTH4eckHi MpoKaTHbIli 
CTal, aBTOMATHYeCKHH (pesepHbiit CcTaHOK, apTHJJlepHicKHi 
KOMIVI€KC MpOTHBOBOSAYUWIHO!! OGopoHbi. Ilo TakKOH CxXeMe MO- 
*KeT pa6oTaTb OFPOMHOe KOMMYECTBO aBTOMATOB-pOOOTOB, BBI- 
MOHAIOWHX KarK[blli TOJbKO OJLHY 3aady,——- KOMHOMEIEBbIX 
DOOOTOB>. 

B o6uem culyyae B CXeMe poOoTa MOET HCHOMb3OBATbCA 
MHOPOKpaTHas! CaMOHacTpolika C OOJIbIHM UYHCJIOM «aTaKeli» 
HepapXun peryAHpOoBaHHA. 

Po6or 3Toro THNa LOJDKeH BOCIPHHAMAaTb HH@OpMALHIO, 
IOHHUMaTb eC, 3allOMHHAaTb, OOpabaTHIBATb H MPOH3BOANTb jel- 
CTBHA Ha OCHOBAHUM pe3ybTaTOB BbMucHeHHH. Boe 9TH o7te- 
pauuH MO OTIeIbHOCTH HM BMeCTe MaliIHHa cnoco6Ha BbINOJI- 
HUTb. 

Malliubl MOry? BOCNPHHUMaTb HHMopMaHiO O BHEIMHHAX 
COObITHAX H MepeBOAHTb ee Ha CBOH AB3bIK, T. €. KOAMPOBATb 
Oa60UHM KOLOM BHIVHCANTebHOrO yCTPoHcTBa. 
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OrpomHoe KovInyecTBo Pa3HOOOpa3sHbIX Mo pasmepHocram 
PUSHYeCKHX BeHYHH MoOKeT aBTOMaTHYeCKH, HelIpepbIBHO WH 
HePHOAMYECKH, H3MEPATbCH HW MpeBpalaTeca B curHal. Tovlb- 
KO N€peyHCeHHe 9THX BeIHYHH 3aliMer MHOro MecTa, a OMH- 
CaHHIO MCTOROB H3MepeHHH MpHIUOch OBI NOCBATHTS He OJHY 
Kuury. Ycrpoiictsa, MpeBpalilatoulve OTCueT u3suyecKoli pe- 
JIHYHHbI B CHrHaJ, HaSbIBalOTCA B TeeMeXaHHKe Ht TEEMETPHH 
AaTYHKAMH BelMUnHD. Kaxkapit marayK XapaktTepus3yer- 





ag 


Puc. 8.3. Mpumepnt AaTYHKOB — npeoSpasosaTelell MexaHu4eckoro 
Me PEMEMLCHHA B 3eKTPuyecKoe HalpAKeHHE HIM TOK, 


! — emMkocTunit marunK (CMeleHHe MaacTHHpi STEKTPHYeCKOrO KOHReHCaTOpa BLIZLIBAeT 
H3MCHCHHE €rO EMKOCTH H H3MeHeHHe Pe3SOHaHCHOH yacTorE STEKTPHIECKOrFO KOHTYypa); 
2 — Mbes09neKTpHyecknutt AaTaHK (Aeopmauna Mbe3OKPHCTa Ma BbISbIBAeT NOABJeHHe 
SMEKTPHYECKOFO NOTeHLuaNA Ha ero NOBEPXHOCTH); 3 — HHAYKUHOHHNE AATYHK (CMe- 
Ik€HHE MarHHTHOTO CepedHHKa BbISbIBAeT H3M@He€HHe HHAYKTHBHOCTH KaTYWKU Hl H3Me- 
HEHHE Pe3OHAHCHOH yacrToth SHEKTPHYeECKOFO KOHTypa); ¢— NOTeEHLHOMeTpANeCKHEt 
AATINK (CMeLIeEHHE ABHRKa NOTCHUHOMETPa BbIBLIBAeT H3SMCHeHHe TOKa, TeKylero yepes 
NOTEHUHOMeTP); 5—TeH30mMeTpHYecKutt AaTunK (MemopMauuA mMetTaaaugeckort NpOBOWOKH 
HSMCHACT BHYTPeHHHe MeXaHuyeckHe HaNpAKCHHA H 3eKTpHuecKoe CONpOTHBJeHHe 
NPOBOJOKH, a TakiKe H TeKyuLuit Yepe3 NpoBooKky ToK); 6 — YPOJbHBIA TEH3OMeTD-faT- 
HK (ReopmMaluA yroubHoro CTOMOHKa MeHAeT ero SJeKTPHITeCKOe CONpoTuB.IenHe H 
TEKYULHA Yepe3 Hero TOK}, 


CH, BO-N€PBBIX, TOH BXOZHOL Pu3uyeckol] BeJIHYHHOH, KOTOPyio 
OH H3MEPAeCT H, BO-BTOPbIX, TEM THOM CHrHaJla, KOTOPHIit OH 
BbIqacT Ha BbIxXOMe — dusnyeckumM aJlaBHTOM H KOJOM, 
Bxoquok BerM4HHO MOxKeT 6HITB: reOMeTPHYeCKHH pa3zmep 
(WIHHa), CKopocTh — N€pBad NPOWSBOAHAA JWIMHbI 10 BpeMe- 
I, YCKOpeHue — BTOpad MpOM3BOAHAaM, yrou (OTKOHEHHe OT 
AHAHHOPO HallpaBsJeHHA), YTAOBAA CKOpOCTb, cHvIa, HaBseHHe 
‘KHITKOCTH HIM Ta3a, KOHUeCHTpallnad BOXOPOJHBIX HOHOB, CHa 
“BETA Pa3JIMYHBIX AJIMH BOJIH, 3BYKOBOe aBsleHHe uy BLICOTAa 
OHA, S/ICKTPHYCCKHH TOK H HanpsKeune, HallpAXXeCHHOCTh 
WICKTPHYECKOrO WH MarHHTHOTO Mos, YHCsIO HOHH3HPylOllHXx 
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“ACTH, KOAMYCCTBO (yPOBCHb) AKAAKOCTH, Macca, BCC, NOTOK 
(raga, 2%KHAKOCTH), NpoTekaloiwun Yepes MomepeyHoe CeveHHe 
Kallada, uacToTa, aMMIuTyaZa, (pasa KoNe6aHHl (MexaHuye- 
CKHX, QuICKTPHYCCKHX, @KYCTHYCCKHX), TBePAOCTb, YIMpyroctb, 
APOSPadHOCTh, BICKTPOMPOBOAHOCTh, AHBICKTPUYECKAA Hh Ma- 
THHTHAA MPOHHILACMOCTH, BASKOCTb, KOHIWeHTPalHA HOHOB vi 
T. 1. u 7 1. Tipn asToM Kaxkad BeH4HHA MOKET H3MCPATbCA 
He B OJHOi TOJbKO TOUKe, a BO MHOFHX 4H, CJICTOBATCJIDHO, 
H3MepaATbca GyweT He MeCTHOe 3HaNeHHe, a P acipemese- 
HHe BeJIHYHHbI MO KOHTYPYy, MOBePXHOCTH HJiH oObeMy H H3- 
Menelne STOTO pacnpedeseHua BO BpeMeHH. M3smepeHua Kaxk- 
oli 43 BeTHYMH MOFyT, B CAyuae HeOOXONHMOCTH, NMWPOH3BO- 








ey 








& Pye, 8.4. Moctopan cxeMa H3Mepe- 


‘ HHH. 
2 a, — a) — mecTO NOAKMOUCHHA NNTAHHS, 
b,j — bg — MecTO NOAKAIOUeHHA HSMEPH- 








TeIbHOorTO mpudopa, x — YYBCTBHTE.TbHoe 
R, CONpoTHBJIeHHe. 
: r 


JUITbCA B pagIHUHBIX Tpefelax, C Pa3HYHOH TOUHOCTbIO, 
B Ppa3JIMYHbIX MaCWTaOaX, HeMpepblIBHO HIM MePHOAMVECKH, 
C pa3JIMUHbIM TeEMIIOM, }13MepeHHA MOTyT ObITh KaK aOcoOJIOT- 
Hble, TAK H OTHOCHTeJIbHbIe HIM Pa3HOCTHBIe. 

BolxoqHbiM CHTHaIOM aTuHKa walle BCeroO = ABIACTCH 
CHrHAA, TIpeAcTaBIAIOUMi COOH HeMpepbIBHYIO 9ICKTPAYECKYIO 
BeINUHHY, HampHMep BeIHYMHy MpxAMOro TOKa, C NOCeAyloO- 
uleii N€PpeKOMMPOBKOH B mMOOOK alaBur. 

TexHKa ABTOMATHYCCKHX H3MepeHuli BecbMa OoraTa. OAHY 
Mu TY 2Ke *Uu3HYeCKyIO BeHYHHY YacTO MpeACTAaBAeCTCA BO3- 
MOXKHBIM W3MCPHTb Pa3JIMYHBIMH MeCTOJAMH, HCMOJb3yA Pas: 
muunpre acpbekTbl. Tak, HalipHmep, Mepemenlenve HI W3MeHe- 
ie FeOMeTpH¥ecKOrO pasMepa MOXHO MpeBpaTHTb B BCVIHMIt 
Hy QJI@KTPHYeCKOrO HANPAXKCHHA, CBAZAB MePeMeLLaeMbIN Je: 
MeHT C JBHXKKOM TOTeHUMOMeTpa (MeTaJIMYeCKOrO, NOYMPO- 
BOJHHKOBOFO, HKAAKOCTHOFO), HIM C nepemellaiouleica Ma 
cTHHOH TepeMeHHoro KONAeHCaTOpa, HH C MOMBHKHOH Ka 
TYUIKOH NepeMeHHOK HHAYKTHBHOCTH (BapHomeTpa}, WI 
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C NbesOseKTpHYeCKON MlactuHoli ut. ga. B 3aBHCHMOCTH OT 
TpeOoBaHHH TOUHKOCTH, nNpexenos H3MCPCHH, NOCTOAHHO!! Bpe- 
MCHH BbIOHPalOT TOT HJIH HHOli MeToy H3Mepeuua. 


B H3MepeHuaAx Goubuoli NONYAAPHOCTbIO MOJIb3YIOTCA Tak 
HaSbIBaeMble KOMIM€HCAalHOHHbIe€ MeTOJbI, CYIUHOCTb KOTODbIX 
CBOAHTCH K TOMY, 4¥TO H3MepHeMan BeHUNHA HenocpeNcTBeH- 
HO B NpHOope cpaBuyuBaetca c HEKOTOPOH cCTaHMapTHol BewH- 
YHHOH TO we pa3MepHocru, Uae Bcero Takoe CpaBHeHHe 
MNPOHSBOAHTCA B SJIEKTPHYeCKOH cxeme MocTa. KomneHcauHou- 
Hble CXEMbI PCOOCHHO MOVIE3HBI B TeX CJLyuanx, KOra 4YBCTBH- 
TEJIbHbIi 9IEMEHT PearupyeT He TOMbKO Ha H3MeHeHHe H3Me- 
PACMOH («NOJe3HOH>) BeAMYHHBI, HO H Ha Apyrve BHeulHHe 
ycoBuA. Tak, HallpHMep, pH H3Mepennny AepopMauul wu ycu- 
HH C NOMOUIbIO MPpOBOJIOUHBIX 3/IEKTPHYeCKHX TEH3OMeTPOB 
TPOBOMOKa, MEHAIOWad SJIEKTPHYeCKOe COMpoTHBAeHHe Toy 
BO3AeCHCTBHEM HaTAKeHHA, MeHAeT CONMPOTHBJIeHHe TakxKe H 
NO BO3RCHCTBHEM H3MeHeHHIt TEMNCPaTyPbl; WAH pH u3Me- 
PCHHH B/aKHOCTH YYBCTBHTCIbHbIA 3eMeHT, KPOMe BJ1aKHO- 
CTH, OK@3bIBA€TCA TaKKE UYBCTBUTCIbHBIM K TemMMepartype, 
AAaBICHHIO HT. O. B aTux calyyanx B CXeMy MocTa mose3Ho 
BKJNO4aTb Ba OJHHAKOBBIX YYBCTBHTe@JIbHbIX CONPOTHBJICHHA, 
HPHY€M OHO H3 HX MCNOMb3yeTCA Aa H3MepeHutt (TeH30- 
MeTp, rHPpoMeTp), a APyroe —~ wa KoMNencaunny 1a p A23HTHDIX 
BIIMAHHH (HarpeB H MIp.), KOTOPbIe oKasbIBaloTca OHHaKOBbI- 
MH AJId OOOHX conpoTuBeHHit, Tpu gtom, pa3syMeerca, KOM- 
HeHCHPylollee COMPOTHBeHHe He MOABepraeTca BosslelicrButo 
H3MepxHe€MOH BeHUHHBEI. Meusag KOMII€HCHpyloulee COmporus- 
JCHHE, MOMKHO 3apaHee «HACTPOMTb» MOCT Ha M*KeJaeMoe 3)1a- 
HeHHE H3MEPACMOH BeJIHYHHbI (CMeECTHTD HYJI€BY10 TOUKY). 


B cxeMax H3MepeHHa uactTo IPHMeCHAIOT Culeautve cHcTe- 
MBI. I]pH 3TOM y310M cpaBHeHuad MoxeT aBASTECA MOCTOBasl 
cxeMa, Bpixoquol curHad MocTa ycusuBaetca 4 NPpHBOAUT 
B eHCTBHe HCOMHHTebHOe ycTpolicTso, KOTOPOe BO31ei- 
CTBY€T Ha KOMMe€HCHPylOUlH 9eMeHT (Hanpumep, MOTOp Me- 
PeMellaeT ABHXKOK peoctata). IIpu stom u3Mepsemas BeMUH- 
Ha «OTpaOaTbIBaeTCH» HCNOJHHTCbHBIM YCTPOHCTBOM 3HAaUH- 
TEJIbHOH MOILHOCTH, H, TAKUM OOpa3om, NIpH H3MepeHHH OYeHb 
MaJIbIX SHEPrHH Ha BbIXON€ aKkTHBHOrO U3M€PHTeJIbHOTO 
YCTpOHCTBa TaKOTO pOMa B KauecTBe CHTHana nNoJlyuaeTca 1o- 
BOMBHO SHa4UTeIbHad aHeprus. Kpome toro, yKa3aHHbiii Me- 
TOA M3Me€peHuA NO3BO/IAeT NOMY4aTb CHTHA B Bue yruia 10- 
BOpoTa Bala, UTO HHOrMa OKa3bIBaeTCH YOOHBIM. 


Ilo1yyenupiit B pesyabrate H3M€PeHHA CHTHaJI, OTOOpa- 
*KAIOUMH H3MePeCHHYIO BeHUHHY, pacipeqeleHne BeMYHHDI 
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WIM PacpeseleHHe HeCKOJIbKUX BCJHYHH, JOJLKEH ObITb 3aKO- 
MUpOBaH B alaBUTC BLIYHC.AHTCbHOrO ycTpolHcTBa, KOTOpOe 
uctowbsyer stor curuat, B pe3syAbtate KOAMpOBaHHA CHIHavl 
MO2keT ObITh MPeACTABJICH JIHOO B Bue HEMPePbIBHO MCHAIO- 
welica BeMUMNB, IH60 B WucKpeTHOH copme, IIpu KoAMpoBa- 
HH MOrYT MeHATbCH HW (pusiueckHH atTpaBnT CHTHaTa HW Mac- 


IUTAObL, a TAKKE MPONSBOANTHCA (PYNKUMOHATbHbIe MpeoOpaso- 
BANMA WKaJd. 





UConn 
HOPeUL 


eee, Mee 


Ynpabmouwee [a Una Anumenenon |__| 


O6senxm 
yempoucmla | opean Pest anes 
Aa — AaHen Kf oe 
| Nodupabuin | Usd CORE et KogupobuluK 





Vanen CERSU BoreuchUmeoHnoe 
marae ycmpoucimbo 


ener eee 


Jnepomop 






Puc. 8.5. OOulas cxeMa aBToMatTa-podota, BO3MeHCTBYHOWero Ha 
HEKOTOPHIN OObEKT. 


Tak, nalpHMep, H3MepeHve pasMepa, B3ATOe C BbIXOMa AaT- 
YUKA B BHe BIeKTPHYeCKOrO HalNpAKeHHA, MOKET ObITh Npe- 
o6pa30BaHoO B MOBOPOT Bada H 3aTeM TepeBeAeCHO B asia BHT 
AUCKpeTHOH OHHAPHOH 3anHcH It mpo6uro Ha mMepdoxapre. 
BeaWvYHHa QWICKTPOMATHUTHOrO TOA H 3BYKOBOe aBJICHHE, 
H3MeCHAIOWLHeCH B TAKNX WHMPOKHX Mpeselax, YTO MAKCHM4JIb- 
MbDUL OTCUCT OTHYAeTCA OT MHHUMAJIbHOTO B THICAYH Pas, MO- 
ry? 6bITb H30OpaxKenbl CHTHAAMH, NpONOPWLHOHAbHBIMH JOT a- 
pHpMaM 9THX BeIMYNH, H MpeACTaBJeHB! Ta WKasIe JVIHHOIO 
B HeCKOJIbKO @ HHH. 

PacnpemetenHe OCBeMeHHOCTH HO yuacTKy 9KpaHa, U3Me- 
PCHHOe C MOMOMLbIO (POTOIMHCCHH SEKTPOHOB HTH C IIOMOLLb1O 
(pOTOCONPOTHBAenHIL H MpeBpallleHHOe, TAKHM 06pa30M, B pat- 
HpeesicHHe TOKA HIM COMPOTHBTeHHS, nepekoAupyetcs BO 
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BP€MCHHY!O =NMOCAeAOBaTeIbHOCTh = BelNYHY 3JIEKTPHYeCKOrO 
HaMpAKCHHA MOCPENCTBOM TlocledOBaTeABHOrO Mpocmotpa 
TOYeK SKPaHa SJIEKTPOHHEIM MYYKOM u 3aTey IpeBpamaercsa 
B AMIMIMTYHHY!IO MOLYAAWMIO MeTPOBBIX PaQMOBOJIH AIA Mepe- 
Rainy H30Opakeunn Ha pacctosHue no panuo. OnHoppemeyHo 
lepewaBaa TpH pacnpenenenua ocBeuleHHocTH Pp a3JIHUHBIX 
IBETOB, MbIl KOMHPyeM UBETHOe MAOCKOe H306paxenue, B npun- 
HHM€ MO%KHO SakOAMpOBAaTb HW Nepexarh wecth paciipesesennit, 
COOTBETCTBYIOUIUX IBeTHOMY cTepeokampy. 

PacnpeyesenHe yepHBIx Hw 6enEx NAT€CH B Kajlpe, Hampu- 
Mep PHCYHOK OyKBBI Ne¥aTHoro TeKcTa, MoxerT ObITh Npespa- 
UleHO (OTO3IEMeHTOM ¢ Pa3BepTKOH TeleBH3HOHHOTO Tun 
B MOCACROBATeJIbHOCTh BO BDCMeHH ITEKTPUYECKHX HMITY.IbCOB 
(OCeOBaTebHBIT ABOMUHBLi KOA) WIM B CHrHal Hasuung 
H OTCYTCTBHA HanpAKeHHA B PARE WHH — no YHCY ToVeK 
H3MepeHHaA (Napasenbybit ABoNUEIT KO). Kaxknoh 6yKpe 
Hauvoro UIpH@Ta GyRer coorsBercrRoBarth OHO MBONUHOeR 
YHCJIO, OykBe, 3anHCaHHoit JIIOObIM WpH®Tom, — HEKOTOPbili 
Na6op MBOHYHBIX uncen, Takum CMOCcoOOM B MalIMHy MOxKHO 
RBOAHT N€daTHbI TeKCT, mpequasnauennpit WIA OObIUHOTO 
UTeHHS, 


MoxXuo cka3atb, uTo s11060e MHOKECTBO 3HaYeCHHT H3Me- 
PACMOH usnyeckol BerMUMHE HY MHOMKeCTBO pacipeeve- 
HHH STO BeIMYHHE] MOKeT 6nITE CONOCTABJIEHO TOCpeACTBOM 
H3M€peCHuA H KOAMPOBaHMA ¢ JIOObIM, PaBHbIM 10 oObemy, 
MHOMKeCCTBOM SHAYCHHH CHrHaaa. Pa3Hoo6pa3ue H3MepaeMbIX 
BCIMUHH, TEXHHYCCKHX IIPHeMoB H3MepeHHH HM CHrHagoB co- 
cTaBAAeT OoraTyio H MecTpyio KapTHHY T€XHHKM aBTOMATHUe- 
CKHX H3MepeHuHi, 


CurHadl, MOJYYeHHDI B Pe3y/IbTaTe KOAHPOBaHHA H3Me- 
PCHHOM BeJIMYHHbI, MOKeT 65ITE nepemaH m0 KaHady cBA3H 
(TeeMeTpHYuecKHit KaHaJl) H Ha TIpHeEMHOM KOoHUe  3anncan 
© NOMOMbIO perHcTpHpyloulero ycrpolictBa. Uacro yxKe Takast 
PukcalHsA pesyabTara AuCTAaHUMOHHOTO H3M€PcHHA OKa3bIBaer 
OrPOMHylo yculyry. Ora TexHuKa aer BO3MOKHOCTH T10JIb30- 
BaTbCA Pe3yJIbTaTaMH H3Mepeunit (HalpHMep, KOcMuyecKoro 
H3JIYYeHHA), NPOBeeHHLIX B cTpaTochepe H3MepHuTesbHBIMH 
npHOopamMu — maTunkamn, YCTAHOBJI€HHBIMH Ha OOpTy pake- 
THI, WH H3y¥aTb PEKHM Pa6oTHI ABUNATeIA GecHHOTHOrO 
CaMOweTa B TMovreTe. 


Ilepeqaua curnana or H3MEPHTCJIbHBIX YCTPOlcTB K BBIUHC- 
HTC bHOMY YCTPOHCTBY MOXKET OCYLLECTBAATHCA H He Ha MHo- 
THE KHJIOMETPBI, a BCerO JIHIb Ha paccTosHHe HeCKOAbKUX 
MeTpoB, MO Ka6em0. B BpuHciuTerbHOoM ycTpoucTBe curHauy, 
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HecyillHii HHDOpMaluiO OO H3MEPCHHBIX BeMMHHAX, NowBep- 
raetcs O6paboTke AA onpedeleHhA HanJTyYMero eHCTBHA — 
DCaKUHH B JaHHOW CHTyallHy. 

[Ipexae Bcero, KaxK ai H3 HSMEPCHHBIX BeHATHN, ABIAACH 
OObeKTOM OOpa6oTKH, Aacr MaTepHad ANA ONpPeACeHHA MPO- 
A3BOXHDIX MO BPCMCHH PasJHYHDIX MOPATKOB HW HNTerpatos, 
CHeEKTPaTbHOFO COCTABA, (DYHKUAH KOppeJIAWHH HT. 7. 3aTeM 
pa3IMYHble BEAMYHHLI MOFyT ObITb CoMocTaBJeHbI Apyr c Apy- 
rOM H BbISHCJICHbI (YHKILMH OT HECKOJIDKUX NepeMCHHBIX, Tax, 
MO TpeM TeKYiHM KOOPAHHaTaM MOPryT ObITb BbIUHCJIeHbI BeK- 
TOPbI CKOpOCTH HM YCKOpeH¥A H ONPeTeTeNa 9KCTpanodAlnelt 
OyayulaA TpaeKTOpHaA mpuxkyulelca TouKH, To JLaHHOH TeM- 
nepaType MOKHO ONpeAeIHTb CKOPOCTh HarpeBa WIM OCTbIBa- 
Hud wa OyAyuLyio TemMnepaTypy HT. A. 

HMutepecHbiM NpHMepoM o6pa6oTKH H3MepeHHbIX BeAHUAT 
ABUIACTCH OTIPeMeeHHe TCKYIMX CMEKTPOB SBYKOBBIN Koe6a- 
HHli. SBYKU, H3aBaeMble YCOBeYeCKHM peveBbiM annapaTomM, 
CHOUKHb! MO CBOeMy CICKTpa.TbHOMy COCTABY. Kaxkibli 3BYK, 
HH oHeMa, TipencTaBsAeT cogoll COMKUbIH Mpowecc BO BPe- 
MeCHH, KOTODDI Mower ObITD MpeAcTaBen cyMMOH TapMOHH- 
NeCKHX COCTABIAIOILUX. OTH COCTABIAIONINC, CIEKTP (pone- 
MHI, 3ABHCIT He TOKO OT HPOU3HOCHMO! OYKBbI, HO WH OT MC 
cTta B cjloBe, Xapakrepa MpolsHolmenis 3TOH GOYKBHI B CJIOBe 
(HanpHMep, OyKBa «0» B C.1OBAX cloH Ww orey), or TeMOpa 
romoca, HUTOHALHM, ylapedha HT. A. Onnako 21a OHO H 
TOH we (OHEMBI, MpOHSHOCHMOH (pa3AH4HbIMH TOOCAaMH Hi 
© pasHyHou HHTOHaLUHel, COXPaHAIOTCA HEKOTOPBIe oco6eHHo- 
CTH, KOTOPbIe WH MO3BOIAIOT Ha CAYX pazHuyaTb OAHY cdboue- 
My oT Apyrot. ry ocoOCHHOCTH 3akIIONAWTCA B PasTHYHOM 
OTHOCHTC/IbHOM PaCIOJIO*KeHHH OTACIbHDIX CIeKTPaIbHbIX CO- 
CTABJISIOUL 

Tlonpepraa aviCKTpAuecKkoe HallpAaAKeHHe, cHaTOe B KaHecrT- 
Be CHrHala © BLIXowa akycTuueckoro AaTyuKd — mukKpodoua, 
CHEKTPasIbHOMY aHaJH3sy H o6pabaTblBad NOMYYeHHBIA CMEKTP 
C TelbIO OMOSHABAHHA XapakTePHBIX ocobenHoctelt douHeM, 
MOKHO B HeKOTOPpOM audapute NOMWYATb CHIHaJIbl, COOTBET- 
cTByIONlHe ONpeTe/leHHbIM (poHeMaM, HW 3aCTABHTb ACIOJIHU- 
TeAbHOe YCTPOlCTBO — aBTroMaTHueckylo MHLWYULytoO MalWluHKy 
Tuna TeletTaitia wewaTaTb B BUAe TeKCTa Pel, pOH3HOCUMy!0 
neped MAKpoWouoM. Tak MO2KCT 6LITb ycTpoeH MpocTevulny 
aptoMarHueckit crenorpad. [Ipapga, 9T0T aBromMaT He 6ynert 
3llaTh TpaMMAaTHKH HW Oy eT 3aMMCbIBATb copa Tak, KaK OH HX 
cipunt. Bmecto caoBa ore, OH 3aMmHilec’, HaBpepHoe, aTey, 
a CHOBO CAOH, BeCbMa BO3MOKUO, SanyLlet KaK UlLAOH, eCJIH 
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TOBOPAUIHA WeNeIABHT WIM ecaH B KaHaJle 3anvcH UMeloTca 
HCKaKeHHaA. 

Moxuo 3actasBnutp aBTOMATHYeECKOrO creHorpadba yunTh- 
BaTb H MpaMMAaTHKy; 93TO 3aqaua Gore. CJIOKHAA, HO OHa 
paspeuiuma. K He MbI elle BepHemca., 

IIo Mepe moctynenug curuanos B  BBIYHCJUTeIbHOe 
YCTPpOHCTBO HM 10 Mepe ux o6pa6oTku Moxer lI POH3BOJHTBCA 
H ABTOMATH4eCKad pervcTpalns, WH 3aNOMHHaHe, KaK CaMHX 
CHrHaJIOB, TAK H HX (byHKuNii. Ito Moxer OKa3aTbCA HeOO6XxO- 
AMMBIM JIH60 WIA Toro, YTObEI KOHTPOJIMPOBaTbh BHOCICACTBHH 
paOoTy po6ota, mH60 na8 camoro PemeHHaA B34anaun, ecu 
B Mpowecce pelleHHa MpPHXOMHTCA npu6erath x HCNOJIb30Ba- 
HHIO NPOUWIbIX 3HAYCHHH CHrHawa. 


Jlanee npou3Bonutca PelmeHve 3a1a4H oO BbIGOpe peakuuy, 
HeEOOXO1HMOH AIA gOcTHKeHHA HYKHOrO Pe3ybTaTa B JaH- 
HbIX YCIOBHAX. BEYMCIeHUA, CBA3aHHBIE C HaxXOXKAeHHeM 3TO- 
(O PelleHHA, MOTYT ObITb MPOCTLIMH HAM COKUDIMY B 3ABHCH- 
MocTH OT XapakTepa 3amauy. Onn moryt TIPOH3BONHTbCA ¢ Mo- 
MOWbIO YCTPOHCTB AHCKpeTHOrOo§ cueta nay HempepbIBHOrO 
ReHCTBHA HW ONpenetatEca NPOrpaMMOH peleHua WM CTpyK- 
TYPOH BBIMHCMTebHOrO yctpolicTBa, mpeaycmMoTpenyupiMu 
3SapaHee WIA MaHHOH 3anaun. Boruycnenyg MOryT BKJNOYWaTb 
B ceOa JIorMyuecKuHe onepallun CPaBHeHHA H BbIOOPa, OOpamenue 
K UaMATH HW CpaBHeHHe C MPOUIbIMH BXOZHBIMA May IIpo- 
ME¢KYTOYHBIMH JAHHbIMM WIM pesy/ibTaTaMu. 


CylWlecTBeHHBIM MOMeHTOM B PeuleHHH 3afauy sBaserca 
TO, YTO MIA OMpeReeHHA ONTHMAJIbHOrTO HH HanJyylero 
PeurecHHA HEKOTOPad NePeMeHHAN BEMHYMHA LOJOKHA B Pe3YJIb- 
TaTe MpHHUMaTb 3KCTPeMaJbHOe (HaHOobUIee UH HaHMeHb- 
ulee) 3Ha¥eHHe. Takoli BeanuuHoit MomKert ObITb, Halipumep, 
BPpCMA, MOTpeOHoe IIA Bcero wHKJIAa oO6pa6oTku, KkoTopoe 
HYKHO CBECTH K MHHHMYMY, HAH Ke KONMMeCTBO BBILAHHOT 
NPOAYKUMM 43 MaHHOrO KOMMUeCTBAa CHIPbA, KOTOpoe AOJ12KHO 
ObITb HaHOONbUIMM, HT. n. BaxxHo TO, UTO TaKan BeEIHUnHAa — 
KPHTepHH KayecTBa pa6OTL aBToMaTa — BCceria cyllectByert, 
6yAyUN 3aoKeHHo! KOHCTPyYKTOPOM B CTPyKTypy MAaLJUHbI 
HIM B NPOrpaMMy ee pa6orTbl, H Ha OCHOBaHHH 9TOrO KpuTepua 
MallHHa MOMKET CAMOCTOSTeJIbHO BbIOHPATb MMCHHO To Jeil- 
STBHE H3 BC€X BO3MOXKHBIX, KOTOPOe COOTBETCTBYeT HanJyyule- 
1Y, HJM ONTHMAJIBHOMY, 3Ha4YeHH!O KPHTHYeCKONH BeMYHHDI. 

TlonyyeHHoe = BLINHC.IHTeJIBHbIM YCTPOHCTBOM perenne 
(ohaeTCA B Be CHTHAIOB K YIIDABJIAIOWUMM 3/1eMeHTaM po6o- 
d, KCTOPble BO3SAeCHCTBYIOT Ha HCMOJHHTeJIbHbIe M€XAHV3Mbl. 
Tepeqaua cCHrHada K yIpaB-TAIOULUM YCTPOlHcCTBaM MPOH3BO- 
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KMTCH HO Kalady CBa8H H MOWKeT OCYINCCTBIATHCA Kak Ha 
6NIDKHMe, TaK HU Ha aibHHe paccTOAHHA. 

BuuncuTeIbHOe yCTpolicTBO KOHTPOJIMpyeT HCMOJIHEHHE 
KOMAILIB, MOyuad HHOpMaLHIO OT YMPaBIAOMULCrO ycTpolt- 
CTBA © NOMOXKCHHH HCNONHHTCIbHBIX QTeCMCHTOB (o6patTHad 
CBA3b). 

Camo yipaBsiolee YCTPOHCTBO MOKET MPeACTABAATh CO- 
Goll cucremy C OOPaTHbIMI CBA3AMH, HCIOVJINAIOULYIO CHrHadl — 
KOMAaHAY, KOTOPanH MpPHXOAMT OF BbIUHCIMTeIbHOM MAaLIHHBI. 
Komalla mpeppaaerca B AeHCTBHe — PeaKIMMl0 po6ota Ha 
o6cTaHOBKY. JleficTBHe MCNOJIHHTCbHBIX OPPaHoB po6ota BbI- 
SpIBaeT NOABIeHHe H3MeHeHHH B OObEKTE o6paborTKH. OTH 
H3MCHCHHA PerHcTpHpyWOTcA H3MePHTevIbHbIMH lIpHOopamMi — 
aTunkaMH HM CHOBa BBOAATCA B aBTOMAT B KauecTBe HOBOH 
nudopmanuH. []pouece O6paOoTKH MpoOWaKaeTca 6e3 Tlepe- 
pbIBa JO erO OKOHYAHHA. 

MraK, Hau poOor He TOMbKO OllyulaeT H NPHHUMAcCT pelle- 
Hus, Oo MH MelictByeT, ON AelicTByeT PCHIMTCbHO, 3(pcpeKTHB- 
HO, IpaBHJIbHO, HO, KpoMe yiipaBJIcHHsA CBOMM OObe€KTOM, OH 
IL Ha uTO He oTBuleKaeTes. On padoTaeT, Kak OYeHb CocpeO” 
TOUCHIIbI, Momatyit fake, Kak (avaTHueckH HaCTPOCHHDIII 
TPyXKCHHK: OH He cmocoOel HH pasMBILLIATb, HA OTBeKATbCA, 
HH 3aHUMaTbCA YeM-IHOO0 = ApyrHM, KpOMe cpoell 3aaul. 
On pa6doraet, Kak YANeKOBCKHH pooor. 

CucremMa aBTOMaTH3auMH wWpokaTHoro cTaHa Tpedyer 
ycTpolictBa HMeHHO Takoro THIIa. TIlpokaTpipaeMasd OovIBaHKa 
FIpOXOAHT MexKAy BalaMH C onpeseeHHOM CKOPOCTbIO, MpH- 
NeM CKOPOCTb BHIXOAa MOCe BaslOB 3aBHCHT Kak OT CKOPOCTH 
BpallleHus BaloB, TaK HM OT CTCMeHH O6%KUMKH., Ecuin HeCKOJIb- 
KO Tap BalOB PacMOJTO*KCHBl nocsweqoBaTeibHO Apyr 3a APy- 
roM, TO pexkuM paOoTb! NocwleLyIOUlux (3a30p, ¥HCIO O60PO- 
TOB, Bpallaolu MOMelIT) 3ABHCHT OT CKOpOcTH MoAaNn npo- 
KATHIBAeMOrO MaTepHadla, T. e. OT PeKHMa paOoTH MpeAbiAy- 
weit mappt BaqoB. Kpome Toro, perKriM 3aBHCHT elle HU OT 
TEMMePaTYPbl, Me€XAHHYECKHX cpolicTB MaTepHasa H OpMbl 
cro ceueHus. B CBA3H C TEM, UTO BCe STH BeHMHHDI MCHAIOTCH 
1 3aBUCAT OT PeXKUMA MpOKAaTKH, ACHO, BO-IIEPBbIX, TO 3a/a- 
ua © TocwesOBaTeIbHOM MNpolnycKaHHy 6oBAaHKH yYepe3 
HECKOJbKO Nap BaJIOB BeCbMa CJIO#KHA, H, BO-BTOPbIX, MOCKOJIb- 
Ky 9TO Tak, ¥TO TOUHOe Ce PellcHHe MO3BOJHT 3HAYHTeJIbHO 
YCKOPHTb MIpOH3BOACTBO H yeWieBUTb ero, Tak Kak CTAaH 6yLeT 
HCHONb30BaTbCA Ha NOJHY!O MOLLHOCTH. ; 

Hy2KHO CKa3aTb, UTO POOOTHI, nomodéuble TOMY, KOTOPbI 
MBI BBIMe ONHCATH B OOWMX YePTAaX, ABAAIOTCH ypesBbly ano 
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NOJe3HBIMH YCTpokcTBamu, Ounu HYBCTBHTesbHee, Ge3blHepuH- 
OHHee, HEYTOMHMEe, 4YeM JIO6oOTt pa6orunk. JIng ypaBJieHua 
CHOMKHOH MpPOnsBoACTBeHHOH onepauvelt, Hanpumep mwaBKoil 
HH MPOKATKOH CTaH, HEOOXOHM Gob; IiPOH3BOACTBEH- 
HbIH onbIT, B yem oH 3aKIO¥aeTCA? B TOM, 4TO CTapBI Ma- 
CTep 3HaeT Hallepex, kak noiiner MPOUeCc, ecIH MpousoliayT 
KaKHe-JIH60 OTKJIOHCHHA OT HOPMbI. IJo nepBbim nmpy3Hakam 
OTKIOHEHHA OH, HOJro He pasaymplBag, IIPHM€T HYKHBIe Me- 
PBI, H€ AOMKNAAACh, MOKA CTaHeT OYCBHAHBIM NOABJIeHHe Opaka. 

Bor Takoro onbitHoro MacTepa H MOXKeT 3aM€HHTb pooor. 
OH ToxKe MOmKerT npezBuneTL XO Mpolecca HW MPHHATb BO-Bpe- 
WA HYKHbIC M€PbI HE TObKO Wid MpekoTBpamenng 6paka, Ho 
H JWI MPCLOTBPaleHuA 3aMeAeHHA Mponecca. Ont NOKa3bi- 
BaeT, UTO BBeeHHe aBTOMATHYeCKOro yupaBsJIeHHA NPOn3BO1- 
CTBCHHBIM MpPOWeccoOM BCerga BeneT K 3HAYHTeEIbHOMY  yCKo- 
PeHHIO MIPOM3BOACTBa H MOBBILeCHHIO KayectTBa TIPOLYKIMH. 
Po6ory He HyKHO yunTBCA npHoOperatp onpit. Ou sBecerga 
paOoTaeT oveHb xopouio, 

Ho xoTa AVIA MponspogcrBa u XOPOUIO, 4YTO poboT He Tpe- 
Oyer OOyyeHua, Tem He MeHee BR NPHHUANe HeBOSMOKHOCTL 
OOy4eHHA MH CaMOCOBepLeHCTBOBAaHNA ect HECOMHEHHO H e- 
CMNOCOOHOCThb po6ora, T. e. ero HECOBEPIICHCTBO. 

Pa6orawume ceronna poOotni-mMactepa, POOOTHI-IIpOH3BOL- 
CTBCHHHKH He yuatca. Ho ux aKkcnepHmMeHtanbHble 6paTpa- 
Po6oTbl cnoco6unl o6yyatsca. Jia toro uTo6E NpH2atp po- 
OoTy STY cnocoOHOcTL, AOcTaTOUHO CHaOQHTb ero JONOHH- 
T@IbHBIMK «OpraHaMu» — ycTpoiicTBamu, KOTOPbIe Me€HAVJI 
Obl MporpaMMy BbMCTeHH B 3aBHCUMOCTH OT KayeCcTBa BBI- 
NOJIHEHHA 3a1aun poboTom. 

JloctaTouHo mpocrste YCTpOHCTBa Takoro poga ocymecr- 
BIATHCh C H€MOHCTPauMOHHOn weno. Onn 6EWIN cnocobuL 
MCHATh CBOIO TIporpaMMy JelictBuii mo Mepe IIPOH3BONCTBA 
NOCACHOBATeIbHBIX MpoO6. OTO u3MeHeHHe MOBeeHHA B HeKo- 
TOpoH Mepe HMHTHPyer mpouecc OOyYeHHA Ha OCHOBe onbita 
(meTotOoM mpo6 u OlMOOK). B pe3yibTaTe HakKoMIeHHA ONbITa 
SAKPCNIACTCA HEKOTOPCe «HaHJlyyMee» B OMpeqeMeHHOM CMBIC- 
we moBewenne. CmbIC NOHATHA «HaHy4uee» onpeernerca 
KPHTCPHEM OIM€HKH KayecTBa PaGOTHI, 3aJOKCHHBIM KOHCTDPYK- 
TOPOM. 


KuOepHetHyeckne HIrpyIKH 


ABTOMATEI-po6oTE, HMeIOLIHe MpakTHyeckoe 3HayeHHe, 
MO HCOOXOAMMOCTH BeCbMa CJIOKHBI H He TOMDKO KOHCTDYK- 
THBHO, HO HM IIPHHIANHadbHoO, 3amqaun aBTomaTH3aLun Mpou3- 
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BOACTBA B OCHOBHOM elle He pelleHb! 10 KONI. Pemawrtca 
TOJIbKO OTH@JIbHbIe YaCTH, YaCTHHIe Saayn GobWwOK mpodste- 
MbL HOJIHOH ABTOMATH3allHH MpOH3SBOACTBCHHBIX onepalun H 
IIPOH3BOACTBa B LWCJIOM. IloKa ellie TOJbKO CO3MaeTCA TeEOPHA 
6ONbIINX ABTOMATOB, HaMeualoTcA MPHHUANb! HX COSAANA I 
pa3pa6arTbiBalorca HEOOXOMHMbIe UACTHbI€ BONPOChl, BeCbMa 
NOYYHTEJIbHDIM OKAa3bIBACTCA KOHCTPYHpoOBaHHe MPOCTbIX KH- 
OepHeTH4eCKHX POOOTOB, KOTOPpHle IeMOHCTPHPylOT BO3MOX- 
HOCTH, TIPCBbIINAlOWlve OObIMMbIC CnOCOGHOCTH ABTOMATOB. 





Puc. 8.6. Uepenauika Dupcu per Youtepa co cHA- 
ThIM BHeIUMHHM HLHTOM. 


MoxKHo co34aTb poOot-urpyliky, COcTOALyIO BETO H3 
HeECKOJIbKUX feTaseH: YYBCTBHTCJIbHBIX, UCHOJIHHTCJIDHbIX H 
KOMMYTHPYIOUlHx yeTpolicTs. Takue wrpylikH CO3MaBaJHCb H 
Co3MaloTCH B 3HAUHTCIbHOM YHC/e Kak KuOepHeTHKaMH-JOOH- 
rCAAMM LAA pasBleveHus, TaK W YYeHBIMH Js pelleHHA Cepbes- 
anix 3amau. Muorve “3 HUX OnWcaHbl B AMTepaType M MMe- 
OT GOJbWOe NPHHUNNHAIbHOe 3HANCHHE. 

Mp He CTaHeM MepeuHCAATh MHOPOYMCJICHHBIC BapHaHTbl 
ABTOMATOB C YaCOBbIMM MeXaHH3MaMH, MOANACc JOBONbIO 3a- 
MEICOBATBIX H CJIOKKHDIX, BeAYWHX  CBOTO UcTOpHIO elle 
ec XVII speka. Topasmo HHTepecHee TIOABHBIIHeECA HeLaBHO 
poOorTbi ¢ OOpaTHOoH CBHASbIO. 

OnHuMH H3 TICpBbIX ONNCaHHEIX B JMTepaTYPS Mr pylek- 
po6oTos 6pwiH «HepemallKu» anrauuanunHa Tpea Youltepa. 
Oun TWpeWCTaB/J1AlOT cobalt MUHMUATIOPHble TeseKKH Ha KO.1C- 
cukax, CHAO KeHITDIC ABYMA gqeKTpoMoTOpyAKaMH., OKH — 
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BpailaeT KoJleca, Apyrol — nopopayusaer pyap. Ha tenexxe 
KDOMe HCTOWHHKOB TIHTAHHA, YCTAHOBVJIECHbI DOTOSJIEMEHT ycHK, 
SaMBIKAIOUHH SJ€KTPHYeCKHH KOHTAKT mpH CONpHKOcHOBeHUA 
C NPeCnATCTBHEM, HECKOJbKO pevle uv SIEKTpHYeCKag JaMNMOUKAa 
Hecmotpa Ha Takoe mpegembHo IIpHMUTHBHOe ycTpoiicrBo, 
NepenaulkKH J€MOHCTPMPYIOT CBOHCTBa He TombKO 3a6aBHBIe, 

NoHMaKM, cpabamobcyo- 

uu npu cmonKyo- 

CHUL —— kum 


2 N\ Domoxnemenn, 






Yeunumens YOWLUTEND 








SoiGode: GR sapRenu Momo; C 
aXKYMYNAINOpaA abumcerus eae 


Pic. 8.7. Cxema coequuenufi semeutop yepenawikH Qvipcu 


yO H NoyanTembuble. B TemHoTe uM Mp ca6om cReTe onH 
JECHOPANOYHO MOJM3ZAIOT, KaK 6YATO yero-TO uiuyT. Hatprkasach 
‘2 MpenaATCTBHA, OHH CBOPa¥HBalOT MH MBITAIOTCA Ux O6OiiITH 
“CNH MMCCTCA NOCTATOUHO CHAbHBI HCTOUNHK CBeTa. OHH ero 
KOpO 3aM€ualOT WH PelMHTeMbHO HanpaBASIOTCA B ero CTOpo- 
'Y, OOHaPyKUBAA «NONOKUTEbHBIT Tponu3mM», OnHaKo noxont- 
4K CBeTy CJIHUIKOM OJIM3KO, OHH oT Hero OTBOPauHBaloTca 
<OTPHIUaTeJIbHBIM Tponu3M»), mBurawTcg BOKPyr HCTOUHHKA 
Beta, HaXOAA MA CeOA KONTHMAJIbHBIC ycmOBHAy Hempe- 
DIBHO MOJepxKHBaH UX («roMeocTa3Hc»), Mexazy jByMaA 
CTOMHHKAMH CBeTa Yepenalika copepllaer mytetectBHe oT 
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onHoro K Apyromy Hwamoso6ue SypHwanoBa Oca, KOTOPHIH, Kak 
H3BeCTHO, YMep OT TroOOMa, HaXOAACh Mey ABYMA aie 
BhIMH KONHaMH cena, He Oyayyn B COCTOAHHH BbIOpaTb, 
B KakKOH H3 HHX CeHO BKycHee. 





* ake e F : 


Ha wuTke vepenalikH Oba Npukpemcha eBeua I, BTOpax eae ote Aaa 
HekoTopom pacctosnunn. Meany cBrevol i ye penmalkon ycTaHoB.l ee Spars oes 
3aTem Obl OTKPLIT 3aTBOp doToanmapata U ye penallika pe OC TE Bie He emcee oe 
NyTb 3anHcaH Ha POTOCKAMKe. 4— HCXOAHay NOSHUINA YEpenalsKn Site sees nee 
meHHe B HaNpaBeHHH HCTOUHHKa cpeta}, 5 — yAap O Ebene ere Epa ane aae 
CTBHA H BOZOOHOBACHHeE ABHKEHHA B CTOPOHY HC TOWHHKAa ae sererieronet 
Gatto NMOMom1a OV€Hb GIH3KO K CBeNC, CBCT CJINUIKOM CHJeH, Yepenz 

oTCTYNHITb, OHA ABHHYJach B oOxom CBeuH. 


Tipe uepenailiku «BHAAT> 1 «y3HaloT» Apyr Apyra (110 ed 
KeHHOM JaMMouKe) H Mos3yT Apyr Apyry HapcTpevy. “Aepe 
nalika BUAUT MH y3HaeT ceOa B 3epKase HT. A. 

Bonee culoxwKHa H HHTepecna HrpyllKa SamMyHna bepkin 
KOTOpy!O OH MOCTPOH pyKaMH JBYX MOMOIWHHKOB — LIKOJIb 
HHKOB. STO TowKe TeleKKa C MOTOPHBIM MpHBOLOM H MOTOP 
HbIM yopaRleHueM, HO y Hee 6oubUe leet 
THPYIOWUX HM HCHOMHUTCIDIBIX SEMCHTOB oHa «cilelna: 
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Puc, 8.9. Buewnuit Buz HrpyiteuHoro poOota — uepenamKy Oux.1e pa 
OOa aloe ,YCAOBHBIMH pedaeKcamu®, 





8) 
uc. 8,10, Coperckaa yepenamxa c »YCHOBHBIMH pedjekcamu* (6e3 mHTKa) 


sHPOBAHa» Ha ompemedenHylo pa6oTy — co6upanue c noaa 
PasOpocaHHBIx B Oecnoparke OenBIx WapHkKOB (Mayen jaa 
Hrpbl BTrojb) H CKablBaHne HX B ONDE MeJICHHOM mMectTe. 
\BTOPbI Ha3BaJlM cBoero HrpylmewHoro poOota «6enka», TaK 
‘ak OKMBaA OeIKa TOmKe co6upaer opexu Ha 3HMY H CKa MI- 
saeT HX B CBOe rHe3qo. «Berka» Bepkan umeer apa (poTosvie- 
(CHTa, ABE JalKM, KOTOPbie MOFyT pa3ABHraTbea WIM CABU- 
aTbCad Ha YpOBHe Moja, OOpa3sya yalleuky, sASbINOK BHYTpH 
aleuKH H MeTaJIJIMYeCKHH XBOCTHK, BOTOUalMiica mo OJ. 
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Kpome toro, 8 «opraHH3Me» GeJKH, T. ¢, B Ce CXEME, HMCETCA, 
OMHMO KOMMYTHPYIOWHX pete, elle @HIbTp, MOSBOJISIOULAIT 
NasH4aTb MOCTOAHHBIA H N€PeMeHHBEIN TOKH., 

O6ctaHoBka, B KOTOpoli paGoTaer GeaKa, Takopa. boapiias 
nycTad KOMHaTa OCBelieHa JlaMNaMW HakaJiMBaHnHa. Ilo nowy 
B OecnopsAlKe pasO6pocanbl OevIble WaPHkH. B OHOM H3 YIJIOB 
KOMHATH MOJOKeH MeTAaMYeCKHA JHCT, OCBELICHHBIH 1a30- 
CBeTHOH JIIOMHHECLEHTHOH JIaMnOH (AaMnOH QHeBHOTO cBeta) 
U o6o3HaualoulNit «rHe3fo» GerKkN. Beka coBpepuiaeT Hayrad 
IIOHCK, NoKa B Mowe 3peHHA MPOTOSICMEHTOB, CJly7KalllHx ell 
Kl la3aMu», He nomanaeT Gerbil wapuk, Tora 6eKa Hampas- 
sIgeTCA TIpAMO K HEMY, PasABUTaeT NaNKH, OCTAHABMBACTCA, 
CABHTaeT JlallKH, 3aXBaTbIBad B HHX WapHK. 713bldKOM, IOMe- 
INCHHBIM Mey JalkaMH, OemKka yscTByeT, TO WlapHk 
y Hee «B JIamkax», SaTem Oeika moBopauMBaeTcA H MUeT 
rHe30. Ilockoubky THe320 OCBelleHO MHralollwM CBeTOM 
ra30CBeTHON JaMMbl, B OTJHUNE OT HelMpepbIBHOTO CBeTa JiaMIl 
HAKAJUBaHHA, QIeCKTPHYeCKH CHIbTP MO3BOMAeT el pacto- 
3HaTb HalpaBJenve Ha rHe3q0, Beka NallpaBaaeTcA K PHE3- 
ny, 3amoigaeT Ha MeTaWIMYeCKHH JIHCT HM OCTAaHaBAHBaeTCs 
Ha HeM, TaK KaK 3aMbIKaHHe KOHTAKTa MeKAY JIMCTOM H CC 
MeCTAJJIHVeCKHM XBOCTHKOM JlaeT €H 3HaTb, YTO OHA «OMA». 
belka pa3apHraeT Jaliky, BbIOpacbiBaA WaPHK, I ClHOBa Ha- 
npaBiseTCA Ha MOWCKH Clesyollero WlapHKa. 


CxeMa KOMMYTAaLlHH Me@KAY YYBCTBHTCJbHDIMM WM HCIOTHH- 
TebHBIMH 9JI@EMCHTAMH MO2KeT GbITb OUeHb GbICTpO u 63 
Tpyfa cocTaBleHa C MOMOLLbIO penelHoH JlormueckoH areo- 
Pbl, KaK TOJIbKO CCPOPMYJHPOBAaHbI BCe ONepannH, KOTOPBIE€ 
JLOJOKHA BHITIOJIHATb OeKa. 

Euie 6oslee HHTepecHolt WH MOYYHTeABHOH, a KCTATH, MPHH- 
ILHIIMasIbHO H ropasio Ooee cepbesHOol ABJAeTCH MalNHN< 
Kaona IlsHHona, HMHTHpy!OllaaA NOBeweHHe MBIA B Nagu- 
puute. «Mpub» LlsHHoHa, KOTOpy!o aBTOP HasBa.l HMeHey 
pepuerpeyeckoro repos lesea, mpewcTaBAer co6ou  sBeerc 
MUIb HAMA@rHHYeHHbI KYCOUeK CTaIH PagMCPOM B HECKOJIbKC 
CaHTMMeTpOB, Ha KOJIeCHKax, C AeKOpaTHBHBIMH = rwlaskaMh 
yuIkaMH H XBocTHKOM. Mblitllb Teseli Tlom3aeT NO KBaapaT 
How mocKe, pas6uToH Ha 25 OMMHAKOBBIX KBapaTos, Now neu 
CTBHEM MArHHTa, NOMeWeHHOrO MOA MOCKOH n HalipaBJIAeMor’ 
BeLYUIHM M@XaHH3MOM, MOTOPbI KOTOPOTO YINPaBJIAIOT eA pe 
INAIOILHM YCTPOHCTBOM, COCTOAULAM H3 50 TemedouHbix peje 

[lo rpaHHuamM KBakpaTOB ycTaHaBJIMBaloTCA Meperoposn! 
B IIPOH3BOJbHOM TOpAake, KOTOPHle o6pa3syior aOupHul 
B ofHOM H3 KBagpaTOB MOMeLaoT «CbIP» —~ 91eKTPOA, 3aMbI 
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KaHH€ KOTOPOrTO mpenctaBiser co6ol Lemp nyTelecTBus 
MbILUH. CbIpP — MBILIMHOe WaKOMCTBO — MoxKeT 6BITE 3aMeHeH 
BBIXOOM H3 JIAOHPHHTAa HAH, eCAM XOTHTe, Apyroli Lebo XOx- 
ACHHA MO JlaOHpPHHTy, HanpuHMep MuvotTaspom — uynoBuiem 
C TOJOBOK ObIKa H TeJIOM YeJOBeKa, KOTOporo peBHerpeue- 
CKHH JlereHqapHbt repo Te3eli—tesxa mpnuy Katona Llsu- 
HOHa — OTBICKHBaJ B 1aOHpHHTe Munoca, wapa Kputa. Heaa- 
BUCHMO OT JIHTepaTypHoro OdopMseHusa eM nytTemectBHa 
Takant Web CYULeCTBYeT, HAXOQMTCA B ONpeneTeHHOM KBayipa- 


— a 
ey re A eee, 


Pic. 8.11. Buewnui pug HCK yC- 

CTBEHHOH oOOy4ualolleica MblWH 

Tesen Kaoga «LU l:unona. Buaupl 

KOJI@CHKH, MA@rHHTHad mMaacTuHKa, 

YCHK, OULyMatouMai mnpenatcrsue, 

H HHOKHHH KOHTAKT, OULylapuni 
NPHXOA K Lewin, 





Te, H MbIIUb OTIIpaBAeTCA Ha MOHCKH ee, HaUHHad c TOTO 
KBalpata, Kya ee nycrTuun. 

MexaHv3M BedeT MBILUB Hayran, NepeBona ee B coceguuif 
KBapaT MO «MOPH3OHTaIH» HIN no «BepTHKau». Pemeyne 
O HanpaBJIeHHH JBHXKeHHA Maetca HeEKOTOPBIM M€XaHH3MoM, 
«<OpocalouluM Kpebuil», T. e. MMUTHPYIOWHM CJTyyaHHbI mpo- 
necc, Ecaim MbILIb BCTpeuaeT Ha cBoem MYTH 43 KBajpata 
B KBalpaT Neperopoaky uw He MOxKeT mpoiitu, CnelHaIbHoe 
YCTPOHCTBO CHrHaJIM3HpyeT 06 STOM B pellatoulee yCTponcrTso, 
THE Sa4MbIKaeTCA COOTBETCTBYIOMee ZTOT rpaHule KBaypata 
pete H, TaKHM OOpa30M, «3aMOMHHaeTCA» YacTHYKa mana 
a6upunta. Mpuib nopopauupaerca NOX MPAMBIM YrJIoM BIipa- 
BO HJM BeBO (cAyyaHHoO) u npogommKaer cBoli NYTb, MCIBITHI- 
Ban YCNexXH H HeyauH, Hayraq mMpowBurasch Bee manpine i 
SallOMHHaA MO HYTH Bce 6oO/bue cBeneHHi o pacno.1oxeHuH 
Ne€peropodok JtaOupunta. Haxkouen, COBEPIUIeHHO cJly¥aliHo 
MbIllb JOOMpaeTca WO nen CBOero CTpaHcTBOBaHHA (Teselt 
yOupaer Munoraspa win MBIIlib CbeaeT CbIp,— Kak Bam 
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yroguo). [Ip sroM Bee saMkhyTble pele ocTarorca 3aMKHY- 
THMH HW HCCA@LOBAHHAaA MBIWbIO uaCTb Ja6upHHTa — 3apuk- 
CHPOBaHHOH B MaMATH peilarollero yCTPOHCTBa. 

ECM MbIIUb CHOBa BepHYTb B HCXOZHOe MOMTORKeHHE, OHA 
6yHeT BecTH CeOA COBEPWIeCHHO HHaye, ICM B nepBblii pas. Oua 
v>Ke He ABHXKeETCA Hayray, He HIleT, He omuG6aeTca. Ona JBH- 
*KeTCA K WedM KpaTualimum nyTeM M0 TOM YacTH na6HpHHta, 
KOTOpad elo yxKe HCCeTOBAaHa. 





Pic. 8.12. Kaonz UlsHHoH nmyckacT HcKycCTBeHHy!0 MLIMb Teser 
B JaOHPHHT. 


Ecau Telepb MbILb MOMeCTHTb B OHH H3  KBAaApPATOR, 
B KOTOPOM OHa ellle HH pa3y He NoObIBala 4H KOTOPbI OHA, 
CeOBATebHO, <He 3HaCT>, MBIIb CHOBa HauyHeT OpoOAHTb 
llayral, 3anOMMHasd NyTb, Kak M B NepBbIl pas, MoKa Ciyyale 
HO He MonmaseT B OAMH H3 3HAKOMBIX KBagpaToB, OTKyAa ola 
yoke cpa3y HaxXOMHT KpaTuaHWHi NyTb K IeJIH. 

«Mpuub» Kaona IlanHona MeMOHCTPpHpyeT HaM, Tak CKa- 
3aTb, «MaUIHHHbI BapHaHT» CMOCOOHOCTH K 3aNOMHHAHHIO 
npewbiLyero OMbIta HW K PallMOHAJIbHOMY ero UCHOJIb3OBaHHIO 
B jlalbueiiimem. Ito ue uTO HHOe, Kak «OOyyeHHe», MOHHMAC- 
Moe B-CaMOM WHpoKOM cMbIcJe. Hemapom BHelIHee odopmiule- 
une MawuHHpt IUsanoHa HapownTo MaposupyeT «AaOHPHHTO- 
BbIe 9KCIePHMeHTHI» Jem MU ApyrHxX 300NcuxXONOTOB H (bu- 
3HOJOFOB, MPOBOAMBINHecH B OYeHb OOVIBLINX KOMMUCCTBAX H 
ZaKNWUABLINeECA B HaGJHOAeCHHAX  TaBHBIM OOpa3om Hal 
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KPLICaMH H ONpeweeHHH BPeMeHH, B TeyeHHe KOTOPOrO «Ku- 
BOTHO€ HaXOAUT BbIXOA H3 JaOHPHHTa Npu nocaenoBatedbHO 
TPOBOAMMBIX MONMBITKaX. OTO BPeMA OG6BINHO 3aKOHOMEpHO 
YMCHbIUaeTCAH, OOpasya Tak Ha3bIBAeMYIO «KpUBYyO Hay4eHHUAD. 
«Mpiub» UlsnHoua, B OTAHYHeE OT KUBBIX MBIUeH HAY KPBIC, 
He a/IbHO «<OOyuaeTcCA» 3a ODMH SKCNepHMeHT, 63 MNOBTOPHBIX 
NONBITOK. 

Tipapaa, McKycCCTBeHHas MBILIb HHYEMY, KPOME BbIxXONa H3 
JAOHPHHTA, HE MOXKeT Goble HAYYHTCA, HO BTO H HE cylle- 





Puc. 8.13. Tytb mptmn Teses p aa6upuute. 


@) Op mepsom sanycke (MBlIUb 6pogAT Hayraga). 6) npu Btopom Salycke (MHUIb Cpa3y 
HaxOAWT KpaTuahwina MyTb K Wen). 


cTBeHHO. Jleqo B TOM, ITO aKCHepuMeHT [I sHHOHA mpeceqo- 
BaJI H€ CTOJbKO Web HMHTHPOBaTb HeKOTOPYIO OTeJIbHO 
B3ATYIO YEPTY MOBEACHHA MKHBOTHOTO, CKOJIBKO COBCeM Apy- 
ryto H ropa3nHo Ooee CyuleCcTBeHHYIO AIA TexHHYeCKHX lI pH- 
JOXKEHHH UeJIb, A HMCHHO: CO3ZaTb TaKkylo CHCTeEMyY KOMMYTa- 
LHH TeJeMOHHBIX JIHHHH, KOTOPad aBToMaTuuecKH H36upavia 
Obl AIA CoeqHHeHHH (HanpuMep, M@*KYPOPpOAHbIX) KpaTyal- 
HIHe NYTH C HAHMeHbIUHM YHCJIOM OOXOMHBIX NeTeJIb B 3ABHCH- 
MOCTH OT HasIH4YHOH 3arpy3KH Ka6euel., 

B nocwieqHee BpeMA SKCNeEPUMeHTaIbHbIe MOeNM Tuna 
yepenaxH WH MBILIM MocTpoeHbt B CosetckKom Coto3e Bp xone 
SKCNEPAMCHTAJIbHbIX paOoT mo kH6epHeruke. 

Kpome mpiwn LIlsunona, 6bvIo chewaHo MuHoro JIpyrux 
Ooslee HIM MeHee MpOCcTHIX po6OTOB, MMHTUPYIOULNX OTAebHBIe 
WePTbI MOBEMCHNA MKHBOTHBIX, Tak, HaNpHMep, HeOAHOKpaTHO 
REMOHCTPHPOBaJICA YCNOBHBIH pedwekc KaK Ha MaUIHHe 
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auckperHoro cuera, TaK M Ha NpOCrplx Qul@KTpHYeCKHX HpyiWi- 
Kax, B 9TUX CyYaAHX, KaK MW BCera NpH CpaBHenHar moBeie- 
HUA 2KMBOTHBIX H POOOTOB, C/1eyeT NOMHATb, 4TO po6ot oObl4- 
HO HMeeT B CBOCM PaCNOpAKCHHH AMUIb HHYTOMRHOS KOJIH4e- 
CTBO BO3MOMKHBIX «Pa30paxkeHUl» WAH BXOTHDIX CHTHaJlOB, 
B TO BPCMA KaK KHBOTHOE MOKCT BOCHPHHHMaTb HeoOo3spHMoe 
pasHooOpa3sve BHEINHHX BO3LeHCTBHH. 

YcOBHbIM pedleKcCoM Ha3blBaerca BLIPaboTaHHaA B Pe- 
3yJIbTaTe TPeHHPOBKM peakinA *KUBOTHOTO Ha GOespa3vIH4HbI 
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Puc. 8.14. BosMoxKHIe CXeMbl Ait HMATAUEY YcJOBHBIX pe(pPeKCOB 
B HrpyuleyHbIX poooTax. 


B — KOHTAKT, 3aMbIKaeMbiii Mp NOABJICHHH 6esyCMOBHOrO pas ApamutTema, ¥Y — KOH- 
TaKkT, 3aMbiKaeMiiit MDH MoABJICHHH yc.1oBHoro pas ApaxKuTewA, P, — HCNOJHHTebHOe 
peste, BKAMYAOUICe peak Ha Ce3yCNOBHOE pas apa KeHHe. 

Tlocne MHorokpaTHOrO OAHOBpeMeHHOFO BkoveHia KOHTaKTOR Bu ¥ B cxeme a) 3a- 
paxKaeTcA CMKOCTb C, Bp cxeme 6) HarpeBaeTca conpoTHaseHHe R,. B pe3ybTaTe 3aMbl- 
KaeTca KoHTaKT K # mocae aTOrO peic P, no3s6yKAaeTCA TOMbKO 3aMbIKaHHEM 
KOHTakTa ¥. 


(ycIOBHbIil) pasiparxKHTedlb. OcHOBHBIM yCJloBHeM oOpa30Ba- 
HUA ycsloBHoro pediekca ABAACTCH MHOroKpaTHoe cosmia- 
menve BO BPeMCHH eHCTBHA G6e3spasHGHOrO PasMpaxuTesA H 
areHTa, BbI3bIBAalOulero GesyCAOBHUbIt pedIeKc, KOTOPbIL, HMCeT 
HeETOCPCACTBeEHHOe OHOTOFHYECKOE 3HaueHne, OObnluHad CXCMd 
OMbITa TAaKOBA: y %#KWBOTHOTO (HampuMep, y co6OaKku) MHOTO- 
KPAaTHO BbI3bIBAIOT Ono.OrHdeckH wcMecooOpasHylo peakiinio la 
BHeIHIT pasipaxuTeb (HallpHMep, BbIIeeHHe CIOHbI MPH 
MpHeMe MHI, O6OPOHHTeAbHbIC JLBHKCHUA TPH yKOJe B Tall) 
HT. 2.), NpPHYéM eHCTBHIO BHEIWHErO pasipaxkuteda (mula 
YK), BbIsbIBaIOULero aABTOMATHUeCCKy!IO HAH OesyCJOBHYK 
peakIlMlo, KaxKAbIN pas ripemmectByeT AelcTBHe Ge3pa3JINYHO- 
ro pagipaxkuteia (uanpumep, 3BOHKA, 3aKHTaHHA J1aMIlb 
ut. I1.). Tlocate HeKOTOPOH TpecHHPOBKH y 2KHBOTHOTO Bhipada 
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MIBaeTCH aBTOMATHYecKHH oTBerT BUIAeICHHA CJHOHBI TObKO Ha 
BKJIIOUCHHE 3BOHKa, 6e3 NOAKPeMIeHHA MHIeH, Ht OTJEprHuBa- 


KUTeMe, TO YCOBHBI pelekc 3aTyxaer 4 B KOHH€ KOHUOB 
HCYUC3aeT BOBCE. 

Moxuo sBbipa6oratp YCIOBHBIH pedJieKc Ha caoxKnoe 
BOCNPHATHe, HalpHMep aKKOPA, POPMy cBeToBoro nsatHa y 
T. A; MOXKHO BbIPaboTarb ycJOBHbIit ped.teKc, coBMellas 6e3- 
Pa3IM4HbIH PasnpaxuTerb He ¢ Oe3yCIOBHBIM, a c Apyrum 
YCIOBHBIM, Ha KOTODbIIi NPCABaAPHTeJIbHO yxKe 6b BbIpagoTan 
YCIOBHBIN pedwiexc. 


Ec“ oTBaeubcs or pcero PasHoo6pa3HA = BO3MOKHBIX 


feb. B mo60H Taxol cxeme HeOOXOHM = -y3eu, KOTOPbIH Obl 
NOSBOIA 3aMOMHHaTb CoBnayenne ABYX pa3ApaxuTenek — 


Ha cxeme pie. 8.14,a =sTum ITEMCHTOM ABSCTCH eMKOCTh 
C, KoTopag yepe3 CONPOTHBJeHHe R HW OLHOBPeMeHHO BKOUeH- 
Hbl€ KOHTAaKTH BD u Y 3apsoKaerca no NOJIOMKHTebHOrO NOTeH- 
UHadla WH 3acTaBner Ppaduotamny /T npopogzuth tox. B pe- 
3y/IbTaTe CpaOaTbipaeT pete Po, 3ambIKaa KOHTaKT K, nw nocwte 
9Toro peste P, MOXeT 6bITb BKTIOYeHO TOMbKO KOHTaktTom 
6e3 3aMbikaHua KoHTaKta B. Tloxa KOHAeHCaTOp C He pas- 
PAMMTCA Hepes conpoTuBeHne R (Ha uto norpe6yetca HeKko- 
TOPoe BPeMSs, TEM GOoubUIee, yey 6o.1bule BeMquHE €MKOCTH 
» COMPOTHBeHHA R WH 3apana Ha emKoctTy C), HCNOJHHTeNb- 
Hoe pesie P; Moker BKOUAaTECH M460 KOHTaktamu Y, nu60 
KOHTakTaMH 5, 1H60 o60umu BMecre. Tocye pa3spata eMKo- 
cTH C namna JI nepecraer MPOBOAMTb, KONTAKT K pa3mbikKaer- 
CA H HCNOMHHTETbHOe pene P; MoxeT BKaOUAaTECA TOJIbKO KOH- 
TakTOM BD, «YcsoBunri DeMeKc» OKa3bIBaeTCA 3aTYXIUMM, 
Ha cxeme puc. 8.14.6 p KavecTBe 3aNOMUHalollero 3.1eMeH- 
Ta HCMOJIb3OBaHO HarpeBanve 6umetaduyeckoro KOHTakTa K 
dTEKTPOHarpeBatetem R, Sto narpesanue NPOHCXORUT TOJIbKO 
B MCM€HT OAHOBPEMEHHOFO 3aMbIKaHUS KOHTaKktTos 5 nu ¥. Tlo- 
Cl€ HarpeBa KoHTakT K 3ampikaetca u go OCTbIBaHHs! MO3BO- 
AACT BKNOUATh HCNOHHTebHOe pene P, 3AMbIKaHHeM KOH- 
TakTOB Y pW He3aMKHYTHIX KOHTaktTax B. 
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Ucrorp30BaB B KavecTBe Moen «<UepenallKy>, Mo OGHY to 
ONMCaHHbIM BbILUC, MOXKHO BKJIOUUTD Pele P, B ODHOHW H3 TpH- 
ReCHHbIX CX€M KAK HCNOJHHTCbHOe Pele, BbIZbIBAIOWlee OCTa- 
HOBKY YepenalKA (BbIKONCHHE pejlyuero MOTOpa) WH ce 
nopopoT (BKmOUeHHe VNpaBJAIOWlero MarHuta HM MOTOpa). 
B xauectBpe Kontakta B B cxeMe MOKHO HCHOAbSOBATS KOH- 
Tak? YCHKa, 34MbIKaIOWHHCA MpH COMPHKOCHOBeHHH C MpenAt- 
cTBHeM, a B KauecTBe KOHTAaKTd Y — KoHTakT pevie, cpaOaTbl- 
Baloulero oT MHKpodoua Ha CBUCTOK. B pe3ybTaTe Mbl Mody- 
uM «Yepenaliky C YCJIOBHbIM peduekcom>. Hai poOot OyAeT 
Bcerila OCTAHaBUBaTbCA HAW MOBOPANHMBaTd, CTOJIKHY BLUIACb 
C TIpenArcTBHeM (k6e3ycOBUbIA ped1eKc») [{pu 93TOM OH HH- 
Kak He OyleT pearHpoBaTb Ha CBHCTOK (O6espa3zIMuHbIH pas- 
npakutedb). Tocwe ocTatouHo TIpOLOMKUTeMbHOTO HM MO- 
BropHoro cOBMaseHiiA YCAOBHOPO pasipaxuteda Cc GesycJlOB- 
HbIM, T. @. @CJIH Mbl HECKOJIbKO Pds 6yleM MaBaTb CBHCTOK 
3B TOT MOMeCHT, KOra Yepenalika HaTbkacTcd Ha fripelst- 
CTBHe, poOOT HavneT OCTAHABAHBATLCA NO CBUCTKY, 6e3 CONPH- 
KOCHOBeHHA C TpenatctBvem. Ecdn Aovro He «NOAKpenlATb» 
pedviekc, T. e. He MaBaTb CBHCTKa OHOBPeMeHHO C OCTAHOB- 
KO Ha MpenATCTBHH, TO poOoT «3a6yieT» TpeHHpOBKy Hi Bep- 
HeTCA K NpexkHeMy COCTORLHD. Takue vepenalkn C yCelOBHDIM 
pedseKCOM H3TOTOBAAHCh H UCIbITbIBaJIMCb. 


Her HyKIbI, 110-BHHHMOMY, HalOMHHaTb 3ecb, UTO (Pu3H- 
yeckHe Npowecchl B 2XHBOTHOM H po6oTe He TObKO pa3s/IMNHBI, 
HO MOFyT He HMeTb BOOOILe BHYCTO o6smero. Ho c TOUKH 3pe- 
HH KHOepHeTHueCKOli, T. €. C TONKH 3peHlin HCNOIb30BaHHA 
HH(pOpMallHH O BHCUIHEH OOCTAHOBKE AI BbIPAOOTKH peakUuH, 
yCAOBHBI pepekc AHBOTHOTY H «YCJIOBHDIN pedeKkc» pooota 
HECOMHEHHO HMeIOT OObie CXOACTBA, UCM pasmuuni, Cxema 
BHELUHHX MPOABeHHH B OOOUX CyaAX B o€WwHxX YepTaXx, NOo- 
npocty, OMMHaKOBa. Pasndua 3AKUOUaIOTCH JIHLb B TOM, ITO 
y X%KHBOTHOTO HMeETCA cnocOoOHOCTL K BbIpaboTKe OAHOBPCMCH- 
HG HIM MOCAeXOBATeIbHO MHOPHX Pa3JHAHpls pecblcKcoB, 4 
HAUIH YepenauikH CNOCOOHbI JTHUWb K HEMHOrMM COueTAHHAM. 
Huxro, Bipouem, He MOKeT 3anperHrh, TOXKePTBOBAB MPOCTO- 
Toll ycTpolicTBa HrpyWikH, CAeTaTb ee cnoco6Hol K BbIpPaboTKe 
moctaTOUHO OO.AbWIOrG HACIA Pa3sTHMHBIA pedsekcos. [oBopa 
O pasIHuHAX, HEOOXOAHMO CKasaThb eule H O TOM, HTO B CHAY 
MHOorooOpa3HhA BOCIIPHATHHM MXHBOTHOTO H o6uana OOpasos, 
3aNACCHHbIX B TaMsTH, BbIpaboTKa  YCAOBHOTO pedlekca 
Bcerla mpoTekaeT Mod NepekpecTubIM OPHEM MlOCTOPOHHHX 
BHCIIHUX H BHYTPCHHUX BIHAHHA HW MOTOMY BKIOUaeT B ce6a 
sJIeEMCITHE CTyuahHoOcTH, Cay4anHOCTbh OTCYTCTBYET B ILpocTeH- 
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em po6ote. Ee, snpouem, moxKuo HCKYCCTBEHHO BHECTH B MO- 
Retb. [lo-suauMomy, npu goctatoyno Pa3BHTOH cxemMe 4H 
OOW/IMH BOCNPHATHA H peakuHH y MONeIM 93Ta CIY4aHHOCTH 
HeEH36€XHO NHOABUTCH CaMa, H po6Oot, kak 4 nojonbITHag 
coOaka, Oyler «oTBIeKaTbCAy NOCTOPOHHUMu UlyMamu, Bu6pa- 
HHAMH, CBCTOM HW 2aKe «KBOCNOMHHAHHSMU nO ACCOMM ALUM, H 
AAA OMbITOB C HUM IIpHAeTca, Kak uw AAA *KHBOTHBIX, CTPOHTb 
«OalHIO MOUaHUAD. 

Tenepb MBI ocTaBHM NOYUHTEIbHBI€ HIPYKH, HMUTHPYyIO- 
UNH€ KHBOTHBIX, H O6paTuMca K po6oTam, uMuTupyrontiM 
MeATeCJbHOCTD YeOBeKa. 


PoOotTs! 4 AB3BIK 


PaccmatpuBaa cambie NDPOCTbIe MOH, MBI BAe, uTO 
HX BO3MOMHOCTH JIHMUTHpyloTca OrPaHH4eHHOCTbIO Loctyn- 
HbIX HM BOCNPHATHH H peak. Jana toro ITOObt OKa3aTbca 
Ha BbICOTe NOO%KeHHA B TeX cIyYaAX, Koraa poOor nepectaert 
ObITh HIPyUIKOli u NpereHtyer Ha OKa3aHHe Cepbe3Hot noMmo- 
UtH evIOBeKy B efoO Tpye, OH, po6oT, omKeH 6bITh crD- 
coOeH K HEKOTOPbIM CIOKHBIM OnepauHAmM O6paG6oTku HHop- 
MallHH, KOTOpblIe yKe He VKladbiBaloTcaA B MpOCTbhIe CX@MBI. 
Tlomoras YENOBEKY, POOoOT HMeeT Teno c Tey MaTepHa.IoM, 
Hal KOTOpbIM paOoTaeT yenopex, Eonu ocrasuty, B CTOpoHe 
NPOWSBOACTBENHBIE ONepauuH, TO octanetcs eile LWHpoKkoe 
TON€ M€ATCBHOCTH, CBA3AHHOe c YeNOBeyecKuM ASbIKOM, 
SamHCaHHOH HM HaneyataHHoll uenopekom u WJiA YeIOBeKa HH- 
Popmaunei. 

B wcTopuu uesoBeueckux 3Hanut ObI0 Ba BbINAaIOULNXCA 
CCObITHA, KOTOpble, Kapri NO-CBOCMY, OTKPbI-TH HOBble NYTH 
H M€PCNeKTHBbI COXPaHeHHA NOMe3SHEIX CBeneHU. DTo ~——H306- 
PpeTeHHe MHCbMeHHOCTH, MO3BOuBUIee NepelaBaTb 3HaHHA 
HOTOMKaM B BHM€ AOKYMCHTOB, CBO6ORHEIX OT HCK aK alIOULHX 
BOS€HCTBUA VCTHOH nepejzagu y npeBpaTuoctren wesopeyeckok 
NaMATH, WH W306peTenve KHHTONeYyaTaHHA, CevAaBLee BO3MOXK- 
HbBIM PacrpocTpaneuHe 3HAaHH B IUHPOKHE MA4CCbI YeOBeUe- 
CKOrTO OOilectTBa. 

OmaHako B nocaeqHee BPeMA OllyllaeTtca Hacrostenbyag 
HeEOOXONMMOCTH elle B OAHOM, HOBOM lare B BOMpoce xpaHe- 
HHA WH pacnpoctpavhenus wuxdopmauun. Jleszo p TOM, 4TO KOJIH- 
TECTBO NOME3HBIX CBENeCHHH, HAKONMCHHBIX 3a ron CYLUeCTBO- 
BaHHA TOUMbIX HaYK H H3IOKeCHHBIX B NeUATHBIX Tpylax, cTao 
HaCTOJbKO OOJbIIHM, 4TO, XOTA wO6bIe H3 9THX CBeTeHHA 
BMPHHUMTEe UW MOCTYNHbI Od W3y4eHHA, BCA HX Macca BpAd 
WW MOKET ObITb O6O3pHMa OAHHM YeNOBeKOM 8 pa3syMHbIle 
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cpoku. Kuuri no BceM cMelliaIbHOCTAM Jle7KaT B 6uO1HOTeKAX, 
UM WIA Toro, UTOOb! OTHICKATb HYKHbIC CBEACHHA, IPHXOANTCH 
TPaTHTb HETeIH HW MeCsIbI Hederkoro TPyAa. Jina ucnpasue- 
HHS MOMOKCHHA COCTABAIOTCA CHPABOUHHKH, KaTaJiOrH, 0630D- 
Hble TPybl, Ha YTO YXOAHT TakwRe WeMalO BpeMeHIl, CpeAcTB 
H YCHJIMH, HO NTO, OAHAKO, TaTeKo He HCHpaBAmeT Neva bHOro 
nonoweHuna BeuleH. 


O6nave HaKOMICHHBIX 3HaHHH HauHHaeT BCTYNaTb BR KOH- 
(DAMKT C BO3MOAKMOCTAMH YeOBeKA, C ETO <HPOMYCKHOH cIo- 
COOHOCTbHIOy H TpeOyeT MIA LaIbuehiwero pasBATHA HaYK MPHe 
MCHCHHA HOBbIX, OO1ee CHAbHDIX H PHOKAX MCTOAOB odpaule- 
Hua c WHbopMauHell c TeM, YTOOL! Bo MHHHMaIbHOe BpemaA 
ChelaTh BOSMOKHBIM LOCTYN K TO6OH HHPOpMaMNH, HC TOK” 
lo ee agpecy, T. ©. HasBaHHio TpyZa H HMeHH aBTopa, HO fh no 
conepxannio. Myaue rosops, HeEOOXOAUMbI CcpewcTBa AA 
6blcTporo MpocmoTpa Oo/Ibuloro MacCHBa KHUT H KY PHaJOB 
u BbIGOPpa H3 HHX HYKUBIX cBeHeHuh, Dra 3salava ABIACTCH 
pa3sBuTHeM H OOOOUICHHEM paOoTh Mo COCTAaB.CHHIO o630poB, 
petbepaTHBHBIX  CIMpaBONHHKOB, aHHOTauHH WH KaTaJiOroB. 
B pewennu 3Toil 340a4H MaluHHbl MOryT H IOJIKHbI OKdA3aTb 
yemoBeuecTBy He MeHbIllylo yculyry, CM MeyaTHbIM CTaHOK. 
Vimenno 6nicTpomelicTByloIune MaIHHbI € BOCTaTONHO 60.1b- 
Molt TaMATbIO CNOCOGUH MU OGs3aHbl XPaliTb, COPTHPOBAaTb, 
nonoriath 3anac HHPopMalHH B OvOMMOTeKaxX Hn COBepilalh 
Bee HEOOXOAHMBIC HHOPMAMHOHHbIC MOUCKH, BbIAaABAA MO TPC 
6opanwio UnTaTetell JIOObIC CKO/Ib YrOAHO nospoOuble cupaB- 
KH O BCX yKE HaKOMTeHHbIX CBEACHHAX. 


Tlo-BHJINMOMY, Mbl HAXOAMMCH Ha rpavh HOBOTO nepeBopora 
3 9Tol o64acTH. OTOT TepeBopoT eule He CoBeprlen, TAK Kak 
He pelleHbl OCHOBHbIe mpoOweMbl Wepewaun MaLiive yesobeue- 
CKHX 3HaHHii H XpaHeHna HH(POpMAaLMA. Muorce B 3TOM Ha- 
ipaBeHHn ye Cileano, elle 6omble meaeTcCA H, NecOMHeil- 
HO, ye B OuNKANLWIe TOs MBI OyMeM OCBOOOKACHbI OT o0a- 
3AHHOCTH IpOCMaTPHBaTb Maccy KHHYP H KYPHAJOB B NOMCKAX 
HeOOXO/LIMBIX HaM CBeAeNHN. 


OcHosuolt nmpo6jlemMoll MexaHHsallun Xpaveuna H NOWCKOB 
HHDOPMALHH ABAAETCA, owK ay, cosaHve He CAMHX nHudop- 
MAUMOMHbIX Malu, a yoOuoro adapta W Kona, KOTOPbIMH 
JKOHOMHO, NOHO H TOWHO MOXKHO ObI.10 Obl 3alWCaTb B «IIO- 
HATHOM> JIA MaliiHb! (opMe Bce HeOOXOJHMbIe IA Tlepelavh 
COMEPKAHUA MOMMEKAUWHX POSbICKY NPCAMCTOB MIpH3HaKH H UX 
KoMOuHaUUH. Jeo H@eT O CO3allin HHOpMauHONHOrO Ma- 
IIHHHOTO ABbIKa, TaKOrO, YTO, 340aB Ha 3TOM ASHIKE BOTIPOC 
MaLIMHe-OHOMIHOTeKAapiO, MBI NoOyaMIM Obl B OTBET nu60 CnH- 
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COK JHT€paTypbl MO 3aqaHHOMY BOMpocy (B Npocteliuem CJy- 
uae), 1H60 MAKpooTneyaTKH Bcell 9Tolt JMTepaTypbl UH ee 
aHHOTAILHH. 

Uro6bl mwpencraBuTh ce6e Bcio CJIOMHOCTh STOH 3anaun, 
CleAyeT BCHOMHUTb, YTO IPH MOMCKaX JMTepaTypHI Ham IipH- 
XOAHTCA NPH35IBaTb H& NMOMOWb Hallly SPYAHUMIO H 3HAaHHA 
NpCAMeTa, MOMHHTb OOVIbIMOe YHCJIO CHHOHHMOB H paBHO3Hau- 
HBIX BbIPaKeHHH. OueBu HC, uTO HEOCTaTOUHO CHAO AUTb Kaxk- 
AylO OTpac/lb HayKH WM TCEXHHKH YeCTKHM OMHO3HAUHBIM HHTeK- 
COM, YTOObI peluuTh sTy samauy. Heo6xonumo eute mpeny- 
CMOTPETb O0JIbIIOe KOJHYeCTBO Ppa3sHOOOpasHbIx CBA38eH MeXxKALY 
Pa3JIMGHBIMH OTPaCAMH 3HaHHa. Kak mpaBuio, m06aq TeXHH- 
YeCKad MpOOJeMa OXBAaTbIBAeT Cpa3y HeCKO/IbKO O6sacTe;l. 
EcJlu, HampuMep, Hac HHTepecyeT BONpOc oO AONYCTHMOH CKO- 
POCTH pe3aHUA MpH OOpaborkKe Metasa pe3suoMm U3 TBep oro 
CiWaBa, TO MOJe3Hble CBEA€HHA MO STOMY BOMpocy HaM yacrT- 
CA OOHAPyKUTb B Pa3Metax: TexHONOrHA xXoOnHOH o6pa- 
OOTKH MeTaJIOB, CTaHKOCTpOeHHe, XHMHG CHIaBOB, TeEpMOJH- 
HaMHKa, KpuCTalJlorpapua. Bowlbuiee un MeHbIIee 3HaHHe 
mpeqMera ompenemuT ycnex MOHuCcKoB, 

EcJim MalluHa OyqeT B COCTOAHUH 3anOMHHTE Bce CBA3H 
MexK TY OTPacIAMH 3HAHHH B MOCTATOUHO KOMMAKTHO! cope, 
TO OHA OYyZeET B COCTOAHHH NO OHO XapakTepucTuke IH 
COBOKYMHOCTH XapaKTePHCTHK MpeAMeTa MIM KHUrH OTBICKU- 
BaTb H YKa3bIBaTb BCe Apyrve XapakTepHCTHKH HAM COBOKYN- 
HOCTH XapakTePHCTHK STOO TipeAMeTa MIM MeuaTHoro Tpyaza. 

Ilo-BHMMOMY, MaUIMHHbIit HHPOPMAaUMOHHbI AZbIK, yOB- 
JI€TBOPAIONMK CaMbIM WIMPOKHM TpeOoBaHHaM, 6yAeT O6aLaTh 
HEKOTOPbIM TPaMMaTH¥eCKHM CTpOeM, NOXOGHbIM PpamMatTu- 
TCCKOMY CTPOIO YEAOBEYECKOTO A3bIKa, HO 6ovlee CTporuM, pa- 
HMHOHaABHBIM H KOMMAKTHbIM. On Oyner NoO3BONATb 3anNHCHI- 
BaTb CJIOMHbIC BbICKa3bIBaHHA MPH MOcTaTouHO MaJIOM KoJUH- 
YECTBE CHMBOJIOB. 

Ilorpe6yerca ocyniectBATh MepeBox c A3bIKa MAIN Ha 
HalHOuaNbBHBIC A3KIKH Hu WYOJIMPOBaHHe aHHOTaUNi Ha newarT- 
HbI€ TPYAPI WH CaMHX TPy/oB, T. e. MapasiebHyIo 3amucy Ha 
NalHOHaJIbHOM H MallNHHHOM s3bikax. B Hansyumem cyyae 
MalMHHbIM A3bIK ROJKEH ObITh HHTepHanMOHanbHEM, Io-Bu- 
AKMOMY, MALIMHHbIM ASHIK CJIELYeT CTPOUTb B KONE, 61M3KOM 
K ONTHMA@JIbHOMY, C pa3YMHBIM HCNOMb30BaHHeM MH36BITOU- 
HOCTH KONa JIA CHHKCHHA BEPOATHOCTH MCKaxKenHh. 

COBpeMeHHBI€ MAalIMHHBIe CHCTeMbI HHA€KCOB, KOTOpBIe 
IPHMCHAIOTCA B yxe CYULCCTBYIOMWMX HHPOpMaUHOHHHIX Ma- 
UMHax, MasekKH OT COBepmweHCTBa, H, TaKHM O6pasom, mpo6- 
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bs ier pe 


Puc. 8.15. Aptomatuyeckui Gutauorpap — MaulHHa, BbIOH- 

i ° 

paiomlad 3 KaTajora avHorauun Kaur Hl cTaTeli Ha 3af,aH 
Wyo TeMy. 


ylema pa3pa6oTKH MAalHHHOrO A3bIKa CTOHT BO see aes 
Konctpyupopanve CaMuX HH@OPMAILHOHUBIX MaluwvH Mp se 
jaet co6of mpoSsemy Govee Jerky!o, KoTOpad MPH Ha ds 
andaButa H KOA MOKET 6bITb peweHa 6e3 Ne aiescin a let 
HBX 3aTpyanernufi. Tlono6uble MalUHHB! HaxXoAntT npHMeH Ue 
moKa TOMbKO B Y3KHX CNeUM a3 POBAHHBIA o6acTAX c Miss 
pa3pa6oTaHHon cHCcTeMOM AHAeKCOB, B KOTOPOH OObIYHO nas 
OTCYTCTBYIOT BHYTPCHHHE CBA3ZH H, TAKHM o6pa30M, BeCb i 
ONMChIBaeT TOJbKO mepeveHb HeKOTOpOTO MHOMKEeCTBa 9 
MCHTOB. 
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OHa U3 HECKOMbKUX ReHCTBYIOWIHX HHDOPMALMOHHLIX Ma- 
IWHH MpeAcTaBiaeT co6oH aBTomatTuyeckuij KaTaJior — cnpa- 
BOWHHK. Ha KWHOMeHTe ABYMA paaMu oTMeyaTaHBI: c OAHOH 
CTOPOHBI KpaTKHe aHHOTaIHH CTaTeli B Bune OOMI4NHOFO TeKcTAa 
Ha APYTOH — yKa3aTedb COMepKaHHA AHHOTHPOBaHHOl cTaTBH, 





Puc. 8.16. Katanor ua kuHonente aBTOMaTHYeCKOorO 6u6aMorpatba 


caeba AHHOTALLHH, SanHcaHHule O6NUHLIM TeK 
CTOM, Cipapa — 6u6nuorpaduy - 
REKC, SANHCAHHUIA ABOHYHLIM .aviaBHTOM B BHae GenWX H YepHx naeen, ae enue 
oTosnemMeHToM. 


3aNHCaHHbIH YCJIOBHBIM KOJOM B JBOHYHOM a®aBute B Bue 
SeJIbIX H YEPHbIX TOYeK. | 
Kuvonenta, conepxamaa oKxono 70000 6u61MoTeuHEIX 
‘aPpTOUeK TakOrO Bua, MpocMaTpMBaeTCA aBTOMaTUNeCKUM 
YCTPOHCTBOM C (oTO3IeMeHTaMH 3a 6—7 MHHYT. Tlepen npo- 
-MOTPOM BBOAATCA WHppPb, COOTBeTCTBYIONIHE COMepK aHHIO 
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or6upaembix ctaTeH. Ilpu mpocmoTpe 1uHppOB (OTOI/eMeHTHI 
yaBHBaloT HYKHBIC KOMOHHAINH B yKa3aTese, JI¢HTa aBTO- 
MATHUeCKU TIpHTOPMAKHBaeTCA MH MPOHSBOANTCH (pororpadu- 
yecKan NWekaTb COOTBETCTBYIOULNX AHHOTALINH, 3alMHCaHHbIX 
OOLIMHBIM TeKCTOM. TakHM O6pa30M, Yepes 6-7 MHHYT aBTO- 
MaTHueckuli OuOIMOTeKapb ~ BEIAAeT 6ubsnorpapureckHe 
cmpaBkKu mo JOGoMy Bolpocy Hs HM@HOIWNXCA B ero pacmo- 
pAKeIHH MaTepHasos. 

Llenpit pam mpo6semM BOSHHKaeT HM B CBASH © TeM CilOco- 
6omM (PMKCHPOBaTb HM 3allOMHHATh vHopMallHlO, KOTOPbIM Mbl 
NOAb3YCMCA,— YETOBEYECKHM HaUHOHAIDHbIM S3bIKOM, YCTHBIM 
WJM TIHCbMC€HHbIM (PyKOMNHCHbIM HU neyaTHbim). Maiuua Ccio- 
co6ua pa6oTaTb c YeMOBeUeCKHM ASBIKOM H BHINOIHATb MOe3- 
Hple onepaunu. Han6dovlee BAXKHOM WM CIOXKHOH W3 HUX AB- 
naectca aBTOMaTHyecKHH MepeBoy Cc OAHOTO HAILHOHaJIbHOTO 
i3bIkKa Ha apyroh. bowee NpocTbIMH 4H, 6bITh MOXKeT, MeHEe 
HY2KHBIMH SIBJIAIOTCA MAUI, uHTalollMe WeuaTHbIH TeKCT, 
creHorpadupyrouiue ycTHylO pedb HT. A. 

Mawuna as uTeHua meyaTHoro TeKCTda Oblia co3siaHa 
y Hac HW 3a rpaHHueH BO MHOTHX papnanTax. [leppaa MalluuHa 
vaKoro Ha3HaueHua — «<Ontodpou» ®. nw Aub6a — Opiia pas3- 
paOoTaHa elle B 1904 rony. B HacTodlilee BpeMA TakHe Ma- 
IIHHbI MOryYT MpHMeHATbCA He TOKO AA uTeHHA TeKCTA 
CJeMbIMU, HO H WWI BBOMa OyKBeHHOTO HJM undpoBoro TekcTa 
B CUeTHYIO MaAlHHy. 

Jia urenua GOykBbI meyaTHOro TeKCTa yuacTOK MOBepX- 
HOCTH JHcTa, Ha KOTOPOM u300paxKena 6ykBa, pasOuBatoT Ha 
3 1@eMeHTbI — NPAMOYFO/JIDHHKH. Kaxk dbl H3 2JIEMeCHTOB MO2KCT 
Culp OebiM usu yepHbimM. IIpocmaTpwBad NOOYepeAHO WH 
ONHOBPpeMeCHHO BCe QIEMCHTDI u300paxkeHHA OyKBbI, MbI MOTY- 
udeM JLBOHYHCe YCAO C YACOM Pa3spAtOB, PaBHbIM UNCIY 
3lCeMeCHTOB, H C JBYMA BO3MO2%KHBIMH CHMBOJAMH B Ka2K /LOM 
paspane: 0 (6etoe) u | (yeproe). Pasmunpie HauepTanyd 
(put!) OJHOH Hu roli Ke OYKBEI AaxyT, BooOue TOBOPA, 
pasMYHble YHCa, HO TaK Kak MHCJTO BapHaHTOB HavepTaHHa 
6yKB OTpaHHyedO H HH OAH BapHant HauepTaHHaA OAHOH H3 
6yKB He coBilaqaeT HH C OAHHM HS BapHaHToB HavepTaHHA 
HHKaKOHM Wpyron OyKBHI, TO Kaw Tas 6ykBa MOKeT ObITb O-AHO- 
3HaYHO ONO3HAHA. 

QneMeHTh! H306paxkeHHA GyKBbl MpocMaTPHBAIOTCA C m0- 
MOUbIO MHHHaTIOpHOrO ycTpolcTBa, HMeIOULCrO B CBOEM cocTa- 
ne OHH HAM HeCKOJIbKO MOTOIJICMCHTOB. UepHoe CooTBeT- 
cTByeT OTCYTCTBHIO TOKa B (poTosemeHTe, Gesoe — HavIM4Hto 
roka. Tlopam0K MpocMoTpa 9/EMCHTOB M300paxKeHHA MOKCT 
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ObITb pa3/IHYHBIM: AN60 MocsemoBaTedbHO CTpOKa 3a CTLOKOH, 
Kak B TeJICBH3HOHHOH pa3BepTKe, OHUM (orToseMeHToM, JIn- 
60 TapaebHO HeCKOJIbKHMH (POTOSIeMeHTaMH, ABHOKYLUH- 
MHCH TOPH3OHTAaJIBHO lO CTPpOKaM WAH CBEpXy BHH3 No cTONO- 
uamM. Byl6upasn Tor usu nHoti NOPAOK MpOCcMOTpa, MBI BCH- 
KWH pa3 nowyyaem HEKOTOPBIH KOZ, B KOTOPOM KONpyertca 
BbIXOMHOH CHrHalJl. 

Jl MpocMOTpa MOXKHO HCHOD30BaTE JH60 ABH KeHHE 
BC€H TOJOBKH BPYYHYIO BAOb CTpOKH TeKcTa (IIpH paBHomep- 


Tinta 





0) 





uc. 8.17. Cuurotpanue OyYKBbI TuNOrpadcKoro uipHipta B aBTOMaTHYecKoM 
YCTPOHCTBE AJA 4TeHuaA. 

) CURTLIBIHHE OAHOBpeMeHHO BOCeMbIO: «= 

NTHatbh B IkenH KaxOTO dhorosmnemeHta); 

C NOMOULbIO TeJICBH3HOHHOH paspepTKH (cup 


OTOSJEMCHTAMH NO CTpOdKaM (ctpana — 
6) CuHIBIRaHHeE O2HUM PoTo3s7ementom 
aBa — CHrHad B Weny PpoToamementa). 


(OM OCBCHICHHH CTPaHHbl), WH60 nmepHoynyeckoe mBuxKeHHeE 
BeTOBOrO MIATHA (NO HeOCBeLeHHOT cTpanuue). CsBetosoe 
ATHO, JIBHKyUleecA NO JIMCTy OyMarH, co3smkaetcaA ucTOUHHKOM 
3€Ta, OTPaeKeHHbIM B KauaIOWeMCA 3epKaue, KOTOpoe yipas- 
HCTCH S/EKTPOMATHHTOM, MIHTACMBIM T@PCMCHHLIM TOKOM, WIV 
BETOBBIM NATHOM, ABYXKYIMMCA 10 3KpaHy MHHHAaTIOPHOH 
TEKTPOHHO-JIYYeBOH TpyOKH, H306paxKenne KOTOpOoro Tpoek- 
HPYe€TCA ONTHYECKH Ha MOBEPXHOCTD CTPaHAILhl. 

Curnasbl <¥epHoe» H «6em0e» (TOUKH HW THpe), CHHMaempBIe 
(OTOSEMeHTOB FOOBKH Mo Mepe ABHKeHHA €e€ MO CTpoKe 
t OYKBbI K 6yKBe, 2a1I0T B ABOHUHOM almaBute u B ONpere- 
“HHOM KOZe H306paxKeHHe MpouTeHHBIX OykB. Dru curna- 
bi 4HCId B QBOHYHOH 3anMCH — MOXHO HCNONb30BaTb 
)-pasHomy. B mpoctefimux cayuaax ux MpOcTo HCNOAb3yIOT 
TA HEMOCPEACTBEHHOPO BOCIIPHATHA Ha calyx. B onHOf u3 nep- 
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Puc. 8.18 Oana u3 Mepsbix MalNwH Asa SITCHHA (MauuHa TI. Tayyexa 
wv cxema ee paoorti. 
2cKBO3b MacKky 3 
rexcta J npeexTupyetTcs Ha POTOaeMEHT 4 C NOMOULBIO AHHSbI 
SD RAcanOe eepestie aieenetan B popmMe CTAnAAPFHSY SyKkB Macka epamAnerca 
mpoGeraa nonupa ofepotT 34 RpemMsA 9KCNOSHUNE OAR nuTepH. TIpw coRNare Hun GCOpME 
supens B wacke ff NpoekTHpyeworo HI0GN axKeHHA GYKBA deTOSTeMCHT NOAHOCTbIO 8a 
TeMHAeTCA, ITO MaeT CHfHat COBMaseHna C NOMYYCHHDIM NMOAOMCHREM MaCKH. 
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Puc. 8.19 ‘Crenof# 3a urennem rexcra c NOMOILbIO COBpeMeHHOR 
MallHHbl AVIA 4TeHHA, 





Pp ” 
ue. 8.20. Buemuuit sug ognoro u3 tunos BOCIPHHUMalOWed TOOBKH 
AAA YTeHHA TeKcTa. 


BbIX YHTAIOULMX MaUIMH OykBa MpocmMaTpuBanacp nepuornue- 
CKUM IBHKEHHEM CBEPXy BHH3 CBeTOBOrO NATHA OT BUOpupyie- 
Mero 3€pKablla MPH O.HOBpeMeHHOM nlepemeweHnH rOvJIOBKH 
BIpaBO NO CTPOKe OT pyku. CHHXpoHHo c BEPTHKAJIbHbIM JBH- 
*KCHHEM MATHA H3MeCHAJICA 3BYKOBOH ToH B Tevleoue, npwgem 
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3BYK NOABAAJICH TOKO TOra, Kora MATHO fIpoxOWMIO YepHbIA 
snemeuT. Kaman OyKBa Ip YTeHHH NOMytada cBoeo6pa3noe 
3ByUaHHe, COCTOAMEe H3 SBYKOB pa3HOH BbICOTH! H MWIMTeJIb- 
HOCTH, KOMOWHAWHH KOTOPbIX HeTPYAHO 6biIO pasuiH4aTb Ha 
cayx, Cpeanaa BbIcCOoTa TOHa NOSBOJTAA CKOPPCKTHPOBATb 
NOJIOMeHHE TOMOBKH NO BePTHKavJIH. 

MoxXHO UCHOb30BaTb TOUKH H THpe HeCKOJIbKO Govee 
COMRKUbIM CHOco6OoM H B pesybTaTe BIOPHYHOK MepeKOHpOB- 
KH KaxKMOll OyKBe NOCTABHTb B COOTBCTCTBHe 3aMbIKAHHE on- 


6 





Puc. 8.2). Cxema ycTpolicrsa BociipHnnMaioueH TOoBKH AAA MTCHN 
TeKCTAa. 


{ — MHUHHATIOpHad 3JeKTPOHHO-Jy4eBa A tpyOKa, 2 — cBeTOBOe NATHO Ha SKpaHe Tpy6Ke 

Bu KyuLeeca Mo SkpaHy Kak B CHCTeEMaX TeNeBUACHHA, 3 — 3epKano, pacnosoOKeHHO 

Hak OHHO, 4— vINH3a, doKycupyloumad H3I06paxenHte CBeTOBOTO natHa Ha ncBepXxHoctT 

gucta G6ymarH 5¢ HTaeMbIM TeKCTOM, 6 — HHS”, oThpacbipaloulan Hw306paKeHH 

OCBeWLeCHHOH YacTH JIHTepbl Ha KaTOR doroyMHOKUTeAA, 7 — doTroyMHOMATEAb (PoTc 
QNeCMeHT C YCHJHTeeM), 8 —- KOMYX. 


pemeIeHHOro ObicTponelicTByloulero pele, KOTOpOe BKWONAe 
CUHTbIBAaHHe C MALHHTHOM AeHTb HIM OapadaHa 3apaHee 3a 
nmucanHoro § 3BYKa, COOTBETCTBYIOULero MpOunTaHHOH OYKBE 
Takoii BapHaHT UHTAIOULeEH MalIMHbI TOKE Obl OCYWWECTBIC! 

MoxHO, HakOHel, NpeBpaulaTb CUPHAaJIbI OyKB He B 3BYKk 
a B KOHHrYpallWW BbINYKOCTeH, iPHMCHAeMBIC IPH meraré 
HUM KHUE Quid culempix mo cucreme Bpanna. 

Jina ocyllecrBleHHA ABYX MOCJeAHHX cnoco6o0B MpHXoOdH) 
Cs MpeowoMeBaTb HeEKOTOPble TPyAHOCTH. TIpousnoieHHe C10 
HIM HauepTaHHe HX B CHCTeMe Bpaliis HeEOMHO3HANHO OMpé 
nesIneTCA HavepTaHveM CJOBa B NedaTHOM TEKCTE. Tipu Bre 
DUYHOH MepeKOAHPOBKe KeMAaTeAbHO VHTATh Kh BOCIIPOH3BOMH1 
He 6YKBbI, a HX coyeTaHHA— MO ABe WAH TP 6OyYKBbI — Wd 
ake Wesble CloBa, YTO He MOMKeT HE YCJOMHUTH MallHyy. 

TIpu mpoekTupoBaHnu MallIMH AA MTCHHA IIPAXOAHTC 
CTaIKUBaTbcHd C TEM (PaKTOM, UTO MponycKHay cmocoOHoc! 
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Pa3JIMUHbIX KaHaJIOB BHeWWHKX BOcIpHATHA YenOBeKa (opra- 
HOB YYBCTB) HeoquHaKkoBa. Hau6onpieti IpONYCKHOH cioco6- 
HOCTbIO OO61aaeT 3penue, Mamee CELYeT OCH3aHHe, 3aTeM — 
calyx. [lepexoaquposka Texcta B almdaBuT Bpatia ga Boe- 
NPHATHA OCA3ZAHHEM, OKA3bIBaeTCA, AaeT ULE Ppe3yJIbTaTbI 
B CMBICJI€ CKOPOCTH UTCHHA, MAOH YTOMJIAeMOCTH, 4eM mlepe- 
KOMMPOBKa B 3BYKH, BOCIPHHHM4eMble Ha CJIYX. 

Kak y2Xe rOBOpHvl0Cb, MOXKHO HCHOMb30BaTh CHrHaJIbl OYKB 
AIA BBOAa TEKCTAa B MAUIHHY, WA Yero, pasyMeetca, HeO6xoO- 
AMMa IpCABapuTebHad KOAMPOBKa OYKB KOQOM MAlIMHBI. 

SHAYHTebHYIO TPYAHOCTh IPH YTeHUH MaLIMHOr IIpe ACT aB- 
AAeT MpOOeMa pa3sM4HA PpasMepoB pH@tTa u TOUHOH ycrTa- 
HOBKH TOJIOBKH Ha OyKBy. OTH TpyAHOCTH OG6bIUNHO IIpeowo.1e- 
BalOTCA MYTCM OHOKPaTHOH pery/IMpOBKH MaUIHHEI NOL 
UIpH®T RaHHOM KHHIH, HaNpuMep c NOMOLIbIO le peK.104aTeaA 
HJIM TIOCPETCTBOM H3MECHEHHH Ppa3MepoB TOOBKH UC MOMOLLbIO 
BCHOMOFAaTeJIbHOrO Tpadapeta WIA BORAKACHHA TOMOBKH NO 
CTpOKaM. ITO — pelleHue mpoctoe wu mocTaTOUHO xopollee. 

MoxuHo ObI10 Obl AIA peryMpoBaHuA MosOxKeHuA TOIOBKH 
B COOTBETCTBHH C PaciOOKeHHeM H PasMepaMH OyKBbI MIpH- 
MCHHTb ABTOMATHYECKOe YCTPOMCTBO C O6paTHOL CBA3bIO, KO- 
TOPOe NPM Pa3BePTHIBAHHH CBETOBLIM TIATHOM yuacTKa CTpaHu- 
IIb pearHpoBano Ob! Ha HawuuNe Gesnoro IIpOcTpaHcTBa No 

_KpaamM OyKBbI H aBTOMATHYeCKH COBMelLaJO rOJIOBKy C OYKBOH 
Tak, UTOOK Seslble NOIA c KaxKDOL CTOPOHBI ObWIM ORMHAKOBHI, 
a pasMep STHX NoweH Ob MpuBexen (perysupoBKo; pasMepa 

_pacTpa) kK HekoTOpol cranmaprHol Beanunne. OnnaKo tTakoe 
YCTPOHCTBO G6bIIO Obl COMKHLIM UH MOpOrMM. 


Ee ciomwKHee TeXHH4ecKoe pellenue MpOOJIeMbl UTeHHA 
Pykonucu. B mpwuiune ona peliaetca Tak Ke, KaK M UTeHHe 
NevaTHOrO TeKCTa, OHAKO pasHooOpa3sve HayepTaHHh 6yKB, 
Aawe Blpewelax OAHOrO noyepkKa, NewaeT pelienue Tpy AHEM. 


Pa3MueHne MalWMHOH pucyHKa OYKBbI ABJIACTCA UaCTHBIM 
cyyaemM Oomee oOukel mpo6eMEt pa3quueHna (PopMbr BOOO- 
lite —- Ha MJIOCKOCTH WJIM B MpocTrpanctBe, Kak mMawuyHa moxet 
OTIHMHTb, HalpHMep, KPyr OT KBagpata? Peub unger o pasvn- 
THHH HE TBYX KOHKPeTHBIX (uryp, a WBYX K1accoB 9THX cbu- 
ryp. Kak Kpyru, Tak 4 KBagparhl MOryT ObITb m060ro pa3Me- 
pa, KaK YrOXHO pacnosoxwKeHbl U DaxKe cylerKka meopMupoBa- 
RBI. MaliuHa qookHa paccoprupoBath 9TH OO6pa3bl Ha Ba 
KlaCCa — «KPyrH» HW «KBapaTbly — TaK 2%Ke YeTKO H 6e30lH- 
604HO, Kak 9TO esaeT raa3 yesoBeka. Jia Toro uTo6b! nO- 
CTHYb 3TOFO, TeOMeTPHYecKHe OOPa3bl AOKI OBITD lIpHBe- 
ACHbI B COBMAMeCHHe C HEKOTOPbIM CTAaHapTOM, AVIA 4ero Kax- 
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nbiil KOHKpeTHEI o6pa3, HH efO 3amlHCb B Bue cHrHala, 
HeEOOXOMHMO HOABeEPrHyTbh PAAY mpeoOpa3sc0BaHuH, COCTOAIIMX 
B nepeMeUleHHAX, MOBOPOTAaX H DaCTAKeHHAX HJM CKAaTHAX. 
Ecanu Ha6op 3THX mpeoOpasoBaHnH OymeT MOCTATOUHO TIOJIHbIM, 
TO MIpH OAHOH 3 UX KOMOHHALNH m0O0K KpPyr WIM 3SJIVJIHIC 
OyleT mpeBpallleH B cTaHapTHbla Kpyr, T. €. Kpyr, WeHTpab- 
HO pacmOuO%KeHHbIM, CO CTaHAapTHbIM pa3sMepoM, Korda OH 
coBnakeT CO CTaHapTHbiIM w306paxKeHHeM HM AacT curHaJ 
COBMAaNCHHA, OH OyUeT, TAKHM OOpa3z0M, OMO3HAH Kak Kpyr. 


Tipo6mema pa3/IH4eHHA cbopMbl, KpoMe 4TeHHA  TeKCTA, 
uMeeT H Dpyrve MpakTH¥ecKHe MPHJOKCHHA, OxnHO H3 HHX CO- 
CTOHT B aBTOMAaTH3alluH elupoBKH as pOOTOCHHMKOB IIPH 
cocTaBJICHHH KapT MeCTHOCTH, AJIN YCKOPeHHA H y HelueBJeHHA 
TpyHOeMKOH onepallun OmpedevieHHaA pembetba MCCTHOCTH M0 
ee crepeocKonHueckOMy (POTOCHHMKY. Jlaa 3Toro OTJe/IbHbIe 
3eMeHTbI OOOHX H30OpaxKeHH CTepeOCKOMMNeCKOrO CHHMKa 
HOJDKHbI ObITh COMOCTABAeHb! C TOUKH 3PpeCHHA pacxowK JeHHA 
(OpMbl H Pa3sMCpoOB OTAEToHbIX MATCH. 2To pacxoxKmenHe, M0- 
CKOJIbKY OHO OMHO3HAYHO CBA3AHO C PeMbeMoM, HCNOMb3yeTCA 
WIA BEIMHCJICHHA BbICOTHI KaxKno TOUKH H306paxKeHuA. Kax- 
yaa TOuKa MecTHOCTH OyeT u306paxkeHa Ha OOOHX CHAMKAX, 
HO C HEKOTOPbIM CMCIILEHHeM, H3-3a MapalwaKkca. 2ITo cmMeule- 
ve OydeT TeM OovIbille, YeM 6nuxKe K oToannapaTy pacno- 
yoweHa WanHad TOUKa MeCTHOCTH. Ecau ocb OObeKTHBA TipH 
CheMKe Oblia BEPTHKAJIbHa, TO CMelleHHe 3aBHCHT OT BbICOTHI 
TouKH. TakHM O06pa30M, BbICOTa TOUKH MOAT 6bITh onpee- 
neHa TO OTHOCHTCJIbDHOMY CMeLLeHHIO ABYX €€ W300paxKeyHH Ha 
cTepeotpOTOCHHMKe. 

Jina Mexanv3auHH STO onepallin o6a CHHMKa CUHTHI- 
Balomcna 10 CTpOKaM TOUKA 34 TOUKOH C MOMOLIbIO MOTOIE: 
meHta MOomO6HO TOMY, KaK 4HTaIOWlaA TeKCT Mallia CUNT 
Raa OyKBYy, H 3aMHCbiBalOTCA Ha MarHuTHBIx seHTax, IIpr 
MHOFOKpaTHOM BOCTIPOH3BeTeHHH 3anuceH Cc JIe@HT OHH MOTY’ 
CIBHraTbCA pyr OTHOCHTeIbHO Apyra H, TAKUM o6pa30m, Mp 
BOLMTb K COBNANeHHIO OTICTbHbIe 9/ICMCHTDI 3anvcu, T. € 
natHa, W300DaxKalollne OTACIbHbIe ytacTKH mectuocTu. IT 
cTeneHH CABHTa AaBTOMATHYECKH BBINHCIACTCA BLICOTa JTOF 
ajeMeHta. Ha BbIxXome MalMHbl BbINePYHBAcCTCA HWIH BbIPe 
3aeTCA H3 Uesiysouna peed, COOTBCTCTBYIOWIHH MaHHO 
cTpouke cHuMKa. CkJagpiBaa CTPOKa 3a CTpoKOH BCce BbIpe 
3aHHble peibebl CTPOK, MONyda1oT pesbePHbi MakeT ccborc 
rpadupoBaHHOH MeCTHOCTH. | 

TipyruM mpumMepoM npo6JIeMbl pasIHUeHHA ABMACTCA Pas 
yuuyeHne 3BYKOB pa3srOBOpHOrO ASbIKA ~~ (poHeM. PelleHy 
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ITOH MPOGJeMbI, Kak H NpeAblAyWleH, HMeCT HeNocpeIcTBeHHOe 
NPUKanqHoe 3HaveHHe MpH co3aHnu MpoTe3oB — anmapatos 
AJ MOHHMAaHHA YCTHOH peyH (HaNpMMep, ApHHuMaemos no 
PaqHO HWM Tesehouy) rayxumu. B ganbueitiney aBTOMATHI, 
PerHCTPHMPytollMe WH Pa3sAMyaloUlHe copa Pa3roBOpHOH peun, 
BEPOATHO, HaHAYT MHOTO MpHMeHeHHit B KauecTRe BXOJ.HBIX 
YCTpOHcTB po6oToB, KoTopble, TaKHM o6pa30M, oKaxyTca 
CNOCOOHBIMH BBINOJIHATh YCTHBIC KOMAHABET. 


IIpoctetiiuua npores aaa MIYXHX lpeAcTaBiaer coool 
YCTPOHCTBO, KOTOpoe HemOocpeacTBeHHO SalMHCbIBaeT OCIHVIWIO- 
rPaMMY 3BYKOBBIX KOe6aHHi Ha .1oopeciup yioulem 9Kpane, 
Ilo BuAY OCHMWIOrpaMMbI He oOUeHb TPYHHO HayuuTben Ha 
rla3 Ppa3IM4aTb POHEMBI H Levible cvloBa. B atom eyuae Boc- 
IpHATHE POpPMBI KPHBOH, 3anucaHHolt a 9KPaHe, C MOMOLLbIO 
SPCHHA 3aMeHAeT paooTy c.lyxoBoro ammapata mo pasnue- 
HHIO 3BYKOB H CJIOB, 


MoXKHO NepeOXKUTb STY OOM3aHHOCTH Ha aBTOMAT pyro- 
ro ycrpolicrBa. Ja sToro 3Byku, BOCIIPHHHMaeMble MUKPOdo- 
HOM, MIpeBpalleHHble B 9eKTPHYeCKHe KOebaHHA YCHJIeH- 
Hble, MOCTYNalT Ha PAN NapawietbHO BKJIOUCHHBIX y3KOIIO- 
JIOCHBIX PUJIbTPOB, HACTPOeHHBIX Ha Ppa3Hble wacToTHl. Kanan 
(boHeMa peuH uMeer XapakTepHbld Qa Heé cneKTp nu compo- 
BOMMACTCA NOABCHHEM HA BHIXOAHBIX WIMAX Y3KOMNOJIOCHEIX 
(PUbTPpOB HeKOTOpoH KoMOuHaLUH HalpAKCHHH: Ha BbIxoze 
OMHUX QUIBTPOB (TeX, KOTOpBIe HaCTPOe€HbI B pe30HaHc co 
CHEKTPasIbBHBIMH COCTABJIAIOU[MMH (OHeMbI) HalpsKeHHe TIpH- 
CyTCTByeT, Ha BbIXOMe Apyrux— oTcyrcrByeT. Ita KomMO6uHa- 
HHA BOSOYKMaeMbIX H HeBO36yKTaeMBIX IWHH COOTBETCTBYeCT 
(boneMe. 


Ecuid MeHseTca Bblcota rouoca, rOBOpAMLerO nepeq MHKDPO- 
(POHOM, TO Ta Ke KOMOMHALHA NOABUTCA BEILUTe WIM HHKe Ha 
WHHaX @HJIbTPOB MoO6HO Tomy, KaK MaKOpHoe TpesBy4He 
MOKeT ObITb B3ATO Ha (bopTenuaHo B Pa3HbIX TOHAJIbHOCTAX. 
Peuraioulee ycrpoticrso pearupyeT Ha KOMOHHALHIO BbIXONOB, 
a He Ha CpeqHIOW BBEICOTY ToHa. TlostTomy ogHa u Ta Ke (poHe- 
Ma, MPOHSHECCHHaA pa3JIMYHbIMH TosocaMH, OyAeT OMHAKOBO 
SéPCrHCTPHPOBaHa M NpeBpalllena Ha BbIXOMe pelilaioulero 
YCTpOHcTBa B CHrHas RaHHoL (POHEMBI, KOTOPbIit MoxKeT 6ObITH 
HCNOb30BaH JWI MPHBeAeHHA B JeHcCTBHe HCHOJIHUTebHOrO 
TetaTatollero anmapata WIM we 3alucaH B ycrpolicre na- 
MATH JIA NaJlbHeHWero pa3sqHyenuaA cos u pas. B Mp aktTHu- 
TeCKH OCYMICCTBJICHHOM BapHaHTe TakOro ycTpOlCcTBa MCHOWMb- 
30Bal0cb 20 HAbTPOB c Nodoco NponyckaHusa OKO fs 
OKTABbl KaKbIN B WHana3one oT 125 repy no 8 KHJOrepil, ITO 
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YCTPOHCTBO XOPOIMO PasvIHYAalO SBYKH &T, K, M, H, C, I, H, 4, 
y> H He MOTO pa3/HUaTb 3BYKH <M, bu p>». 

Ounako TakoH MeTOA pa3s/IHueHHA tbouem oOamaeT NO 
Kpalincit Mepe WBYMA HeocTaTKaMu: BO-IIEPBLIX, (OHEMbI HC 
BCCrILA COOTBCTCTBYIOT NpaBONHCaHHlo, a BO-BTOPBIA, HEKOTO- 
phic (PONeMbI B 2KHBOH pedH MOTYT oKa3saTbca Hepa3sOopyuABbEl- 
MH H He OyYAYT 34(HKCHPOBAaHHl. K ucnpaBuaeHHlo 9THX HEAO- 
craTKOB ecTb myTH. PpaMMatwyeckH NpaBHJIbHoe HaTlucaHHe 
CNOBa MOKeT ObITh BOCCTAHOBJIEHO CpaBHeHHeM C o6pa3ulamMu 
HJIH BbITOJHCHHeCM HeKoTOporo HaOopa CTaHAapTHDIX paBHd. 
Jlna 3anucn HepasOopuHBo MPOH3SHeCCHHBIX (boHeM B OMHOH 
43 KOHCTPYKUHH aBTOMaTa JTOTO Ha3HaueHHa Oplio mpely- 
CMOTPEHO CICHHAIbNOe yceTpolicTBo. OHO cocTOAO H3 Haoopa 
HOTCHLHOMETPOB, KOTOPHIc 3apaHee YCTAHABJIMBAINCh B TaKHe 
NOOIKCHHA, KOTOPHIE COOTBCTCTBYIOT YC/IOBHDIM Be pOATHOCTAM 
NOABJICHUA PasTHUHbIX POHCM TOCC mannol. Takum o6pa30M, 
HallpsKCHHe, COOTBETCTBYIOMLee CHIH AY crenyrouleH (OHEMBI, 
B3RCIUNBAeTCH TO BCpOATHOCTH, H, CCH HepasOopunBan olie- 
Ma T.10OXO BHIABeHa, OIGHKa MO BepOATHOCTH B 6OuIbUIMHCTBE 
cyyaeB MO3BOMACT U36@KATb OUMOKH. 

TT po6.1eMbl rpaMMaTHYeckOH KOppeKUHH 3 allMCbIBae MOTO 
TeKeTa IpHvanlekaT K Kpyry TeX BOMPOCoB, KOTOpble pellla- 
lOTCS TIPH ABTOMATHYCCKOM MIcpeBore TEKCTA C A3bIKa Ha ASHIK. 
Venexu B 3TOH OGacTH, MOCTHTHyTBIe B MocMeAHEe BpeMA, 
HMCIOT OO/IbUIOC MPHHUNNHabHoe WH MpukKTaTHoe 3HaueHHe. 
IIpapla, mpoOema AuTepaTypHOro fepepoza so6oro TeKcTa 
eule He pelleHa, HO MOCTHIHyTbIC yCuexu MO3BO.ISIOT HaeATb- 
CH Ha PpaspellHMOCTb Hi 39TOH NMpooweMBI. 


ApToMaTHueckHi Nepesos 


Ticpepoy fe.1aeTca Ha 9JJ@KT Pp OHHOH 6picrpodelcTBy olen 
Iu@poBowH MallHHe, yIIp aBJIHCMOH CHeunaJbHOH MporpaMMOl. 
Coctapjentic MporpaMMb! MepeBosa NPOUsBOANTCA OAUT pas, 
nw mo6an (pasa NepeBOMATCA M0 OMHOH HM TOW 2%Ke NporpaMMe. 
CoOcTBCHIG, BCT MpoOeMa aBTOMATHUECKOFO NepeBota i CBO: 
nuTCa K cocTaBleHmi0 9TOH mporpaMMbl H C/1OBAap®. 

TIpexkje Beero, TeKCT AOJKCH 6biTh BBenen B Mawuuy. [Lats 
yTorTO OH KOAMpyerca OyKBa 3a OyKBOH B ABORKYHOM avicb aBH: 
re, Wputem Kawxkyad OyKBAa wz06paxkaeTcA BBYX3HAYHBIM Ae 
CATHUINBIM unentom (Taba. 1), 3aKOHPOBaHHbIM B ABOHYHON 
aspaBHuTe. 

BykBbl, R306paxeHHble B ABOHYHOM adaBute, H C/10Ba 
W30OpawKacMble ITHMH OYKBAMH, mpoGuBaloTcsA B BULE nepo 
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Taodanita l 


Koyupopanve 6ykB aatuncKoro aipaBuTa c NOMOMbIO YNCeR 
(YHCla 3anvcanbl B ecATHUHOL CHCTeMe) 


a 16 i 12 gq 23 y 04 
b 06 J 18 r 07 Z 25 
C 22 k 19 s 05 - 3! 
d 30 l Ze t Al 503 
e 08 m 1] u 20 
f 14 n 15 v 29 npodeu 00 
g 10 O 28 w 13 
h 26 p 24 x 09 


pallu Ha sleHTe, KOTOpyiO «uyTaeT» MallwHa. Pasymeetca, 
NPOOMBKa MpOM3BOAHTCA cHelMavIbHBIM BXONHbBIM ycTpoii- 
CTBOM C KJl@BHaTypou, Ha KOTOPOHM, KaK Ha MMIUYWeH MaulHH- 
Ke, ON€paTOp, MOTYUWIHH We 3HaTb sB3bIKa, neyaTaet, Halpu- 
Mep, aHrvIHickylo dpa3sy. Moxuo, 1O-BHAMMOMY, UHCi01b30- 
BaTb AJA STOH eH MH MaLINHY, YHTAIUy!IO MevaTHbit TeKCT. 

Uro6bl nepesectu dpasy, MpexNe Bcero HeEOOxoHMO Mepe- 
BecTH copa. JLna sto we B ycTpolicrao naMaTH IJIEKTPOH- 
HOH WHPpoBoH MallHHDI NPCABapHTeCbHO BBOAUTCA cnelHaJb- 
HbIH = ClOBapb. CaoBapp Pa3sMellaeTCH B 3aNOMHHAaIOLeM 
YCTPOHCTBe MalIHHbI H pa36uBaetca Ha AHTVIHHCKyIO HW pyc- 
cKylo yYacTH. B ayelikax maMATH aHrautickoh uacry CJIOBaps 
AA KaKNOTO CJIOBa 3aNIMCbIBaIOTCA cvlenyollue CBeeHHA 
(PpasyMeeTcH, KONOM B WBOHYHOM alPaBHTe): CaMO CVIOBO 
(HHOrLa TOJbKO HeH3MeHAeMan YacTE C0Ba 6e3 dteKcun); 
(PaMMaTHYeCCKHe CBeEMeHHA O CJIOBe, HEOOXOAHMBIe Mp mepe- 
BONe, alpec COOTBeTCTBYIOWLero pyccKoro cosa. B pycckou 
4acTH C/IOBADA B AueiKaxX NaMATH, anpec KOTOPBIX YKa3aH 
B aHTIHHCKOM YacTH COBaps, 3amucbIBaeTca PYCCKHH mepeBog 


Ta6auna 2 


KoAupopanue 6ykB pycckoro ajipaBuTa C NOMOMbIO uncen 
(WHC1a 3anvcanbl B AecaTHUHOL cucTeme) 


a a 


a 16 K 19 y 20 10 0! 
6 06 A 27 p 14 A 03 
6 13 M 1] x 26 ti 18 
2 10 H 15 1t 22 ’ 00 
0 30 O 28 tf 23 b U9 
e O8 fn 24 Ul 09 
HC 29 Pp 07 ui 2 
3 25 Cc U5 J 17 
i 12 mi 2 | bl 04 
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CloBa TOE KO:LOM B JLBOHYHOM alaBure, Ho Ada OyKB pyc- 
ckoro altpaputa (TaOu. 2). 

Cropo, BBeMeCHHOe B MalMHY, Hocwe TOTO Kak MaulHHa 
<mpowla» 3TO COBO Cc MepPomeHThl u samucada ero B Perit 
crpe, CpaBHHBaeTCA MOOYepeAHO CO BCEMH COBAMH C/OBAaPA. 
BucTpota BHIMUMCIeHHM SCKTPOHHOM MalMHb! MOSBONACT MPO- 
neath 3TO 34 KOPOTKHH CpoK. CJ1OBO TeKCTa, 3aNHCaHHOe KO- 
OM B ABOHYHOM asiaBuTe, NoMpoctTy BbIyHTaeTCA MoOUepeAN 
13 CJIOB, 3aNMCaHHDIx B c1oBape. Maino ynpaBaaeT Mp 
3TOM CHCUHadbHad UaCTbh MpOrpaMMbl — MO/b30BaHHEe CJOBa- 
pem. Kak TOJIbKO pa3HOCTb paBHa HyJO, T. Cc. C0Ba COBMaJIH, 
13 ClOBapA CUHTbIBAeTCA aspec pyccKorO CJIOBa, KOTOPOS 
H MOKET HCMOJIb3OBaTbCA MIA TepeBoda. 


Onnako ONNCaHHad CXeMa paOOTbl peaJIbHO OCYMLECTBIIACT- 
Cl JIMilb B peakux cayuanx. Uae Leso o6cTOouT ropa3o 
cnomHee. Muorve aHruinickue ClOBa He HaxXOZATCA B COBAPe 
cpa3y, H WX HY2KHO OTBICKHBaTb MO KOPHAM, oTOpacbiBan 
oxonuanua. Muorue culOBa HMeIOT He OMHH, 4 HECKOJIbKO He- 
peBOJOB, B 3ABHCHMOCTH OT KOHTCKCTA, T. €. OT MeCTa B mpea- 
JOKEHHH H OT OKpyxKawllux ci0B. JLia TaKHX CJIOB B COBAape 
BMecTo agpeca pyccKoro c/l0oBa CTOHT afpec AONOJHCHHA 
k clOBaplO, KOTOPOe COMePRUT HEOOXOAMMBIC AAHHbIe MIA Pe- 
IiCHHA BOMpoca B STUX CydaAx. 


PemieHne BO3MO%KHO MOTOMY, 4UTO ASbIK H ero TpaMMaTHKa 
HOCTPOCHbI 3AKOHOMePHO, MO OMpeeeHHBIM MpaBHaM. Bedb 
S3bIK TIpemcraBsAeT Cobol CHCTeMy CHTHAJIOB, OTPaxk alwouly!o 
B ONPeACICHHOM alpaBuTe HM C MOMOLM{bIO ONPCLCCHHOTO Koa 
BHeIUHHe COObITHA, Hall AelcTBUA, HAeH H NOHATHH. 

Curnatbioe oToOpaxenue (KOAUpOBaHHe) BO3MOKHO T0- 
TOMY, UTO ONO 34KOHOMCPHO. Vs xots 3TH 3AKOHOMePHOCTH MHO- 
FOUNCICHHbI, PASHOOOPAasHbl H CJIORHHI, TEM We MeHee OHH cy- 
WleCTBYIOT H IOTOMY MOryT ObITb BbIABMeCHbI WH MeTKO ccopmy- 
JWIPOBAHbI. 

Unico MPaMMaTHyeCcKHX NpaBH, HEOOXOJUMbIX JIA TMePpeBo- 
a pas, onpemessmerca XapakTepOM TeKCTa. Yem o6minpHee 
KPYT NOWATHH, 3aKJIOUCHHbIX B WaHHOM TCKCTE, TeM OOJIbIMe Tpe- 
OyeTCA TPaMMaTHUeCKHX TIPaBHl. TexuuyeckHi Tekcr o6a- 
ner 6o.ee cTporoli, «cyxoH» cTpykTypol, WH Jia ero TepeBo/la 
rpeOyeTcH Meliblie TpaMMaTH¥eCKHX NpPaBii, yeM WIA Tepe- 
BOA XYMOMKECTBCHHBIX JIHTepaTyPpibix npousBegenuu. Keratu, 
M4 CAOBApb TeXHHYeCKOH MATepaTyPbl MCHbUIE ITO o6bemy. Hs 
HCCKOJIbKHUX COTCH TBICAY COB A3biKa B TEXHHYCCKHX CICUH: 
AsJIM3HPOBAHHBIX TEKCTAX HCOJIbSYeTCA o6bltuHO HeMHOrO 60- 
nee THCAYM <OOULNX» CJIOB H MpHMePHO CTObKO 2Ke TEXHHUC- 
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CKHX TeDMHHOB. MMenno no atuy MPHYHHAM TepeBod TexHu- 
H€CKHX TeKCTOB 3SHaYHTeBHO Mpoue. Ilepppre mepesonst ya 
MalJMHE BBITOJIHAIHCh co CIOBaPeM, COCTOABIUUM cero 13 
250 c0B, H ¢ wWectIO TPaMMaTH¥eCKHMH TpaBusamu. 


Ec Maluuua He HaXONMUT B CHOBape ucKoMoro CJIOBa, TO 
10 OKOHYAaHHH NoncKa (c HOMOLLbIO KOMAHJ[bI YCIOBHOrO nepe- 
XOMa) BKMOUAaeTCA KOM MporpaMMbl oT6pachipanua oKonua- 
HHH. Caopo MPOBEPACTCH Ha BO3MOXKHHIe OKOHYANHA (ing, ed, 
er, est, s,’s a vt. 1). Tocae KaKo4 MmpopepKu NOY 4aeTcoa 
OTBET Oa “IH NET, B 3aBUCHMOCTH OT Yero MalluHa wH6O0 mepe- 


C/JIOBO B CJIOBape He OCTae€TCA, Mallluna Mpocro Breywarpipaert 
B mepespoy HeTIe Pe BeTeHHOe CJIOBO JIA€THHCKHMH OVKBaMH. 


Ec mepeson caopa HEOMHO3HAYeH, T.e@. COBO B nepe- 
BOJ€ HM€e€T HECKOWIDKO SHAYeCHHH, Malunna BHIONPaeT HYyKHOe 
SHAYe€HHE, COOTBETCTBEHHO Tekcty. Jlaa ato uean no ykKa3a- 
HHO CHOBAPA MaeTCH KOMaHaa Nepexoda K NOANporpaMMe 
IPOBEPKH CJIOB, OKPYKAalOWlUX ZanHoe cmoBo. JTenaetca nepe- 
BO yoke HE ONHOFO coBa, a Kycouka (paspr, HanpHMep cuJo- 
Ba H Mpeqvora; mepeBonurea pe COBO instance (UNCTAHUUA, 
Tpebosanue, npumep), a for instance (Hanpumep). Vi g srux 
CTY4aAX MPOBEPKH OKPyxXKaowlnx cyoR NOCTPOCHbI TaKHM O6- 
Pa30M, YTO OHH MpoH3BOnZATcA no ovepenM H KaxKAbI pa3 
B pe3yibTaTe nomyuaetca oTBer: Oa HIM HET. 


Korza caoBo nomHoctpio ONpPeeNeHO, OHO 34anOMuHaeTcA 
~O BC€MH rpaMMaTuyecKkuMy XaPakTePHCTHKaMU, HeOOxXOZH- 
MBIMHM JWId' Nepesona. Tlocae NepeBONa BCeX CJIOB aHTaHiicKoi 
bpa3et mpoussonurca CHHT€3 pyccKOH pasur. Kaxkjomy pyc- 


WaTHYECKAX MPW3HAaKOB Mpunaerca HeOOXONHMaad rpamMatuue- 
‘Kad @opma. Cneunanbuaa uacty NPOrpaMMbI onpenenser 
IOPANOK COR, Apylrad — paccraHopky 3HaKoB IIpenuvaHnua. 


B onpirax aBromMaruyeckoro N€peBola MalllMHa NOpoit co- 
‘epulaeT rpaMMaTHyeckue OWNOKH, OHH Tponcxonsr no Bune 
‘POrPaMMHCTOB, 3a6bIBINIHX HPCHYCMOTPe€Th = KaK 10-160 
PaMMAaTHYeCKyW AeTalb B IporpaMMe. Tak, O1MH 43 nepBBIXx 
CpeBONOB C aHrTvuticKkoro Ha PYCCKHH, BEITOHeHHBI ¢ po- 
(OWWbIO MAUIMHBI, Comep Kas, NO coo6utenuro JI. IO. Tlanosa, 
Tenyloulylo Ppasy: «.....970 eepxo Ge3yCAOBHO OAR obwuprod 
arecopuu 3adat CBASATHLX C Cuno u OsuneHuem, TaK 
TOXO4OM AL Mot BNATH 6yOyumuti nyro lOnurepa 6 He6e- 
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Cax UAW NYTb 9.1eKTPOH.....» HT. A. Jipyraa MaluuHa, mepe- 
Bola c dbpanuy3scKoro, HanevaTavia. «Mor mozem coe- 
AaTb...» OUWNM6OKH OFeHb HalOoMHUHAaloT yemoBeuecKHe, KaKOBbI- 
MH OHH, B CYHLHOCTH, H ABJIAIOTCH. 


B KOHILe KOHWOB aHriulcKoe npesdowkenne, «BlevaTan: 
Hoe> B MAallMHY C NOMOILLbIO K/aBHaTYPPI, OoTMeUAaTbIBaeTCA 
MALINHOH Ha JI@HTe pyCCKHM Wpu@dToOM B rPpaMMaTHYeckH npa- 
BUJIbHOM PYCCKOM TlepeBOHe. 


Oco6cuHo yso6HO H ObICTPO neyaTHbl TEKCT MO?KHO BbI- 
BOAUTb M3 MallHHbl, ACHOIbSyA CHeluaJibHble 3JIEKTPOHHO- 
jydepbie TpyOKH: TaliOTpOHbI WIM XapakTpOHbl. B 9THux Tpyo- 
KaX, B OOMLEM TOMOOHbIX TeNCBH3HOHHBIM KHHECKONAaM, IIeK- 
TPOHHBI yd HCMbITEIBACT NOCJe@MOBATeIbHO Ba OTKJOHCHHA, 
He3ABHCHMBIX Apyr oT Apyra. Tleppoe OTKIOHeHHe BbIBOAHT 
ayy Ha yuacTOK MeTaJIHYeCKOrO 3KpaHa, B KOTOPOM TIpoOu- 
Tbl MHHHATIOpHbIe OTBEPCTHA B tbopMe 3HaKOB, nudp dH 
6yxs. [Ipu 3ToM JTy4d Kak Obl <IpOMaBJIUBacTCA® CKBO3b TPa- 
(papeT, H ero TomepeyHoe ceueHue mpuHAMaet PopMy OTBEP- 
crus. Bropoe OTKJOHeHHe BBIBOANT Jy" Ha wesaemMoe MecTO 
skpana. Jlya maeT cBeTAleecn yz06pamkenhe 3Haka, npoou- 
roro Ha tpacaperte. Ecuin OcAeLOBAaTeJIbHO MpOBOAUTb JY" 
flO CTpOKaM 9KpaHa HU KaxK Ab pa3 TpomycKaTb ero Yepes 
HYKHbIM y4acToK Tpadapeta, MbI mNosyuHM Ha 39kpaHe TeKCT. 
Ileuatb Ha 9KpaHe TaHmOTpOHa TpOHSBOAMTCA NpakTHYecky 
MIHOBeHHO, TIpHyeM H30OpaxKeHHe TeKCTA MOXKHO MOBTOPATb 
U 3aepKUBaTb Ha JkpaHe HpOW3BOIbHO ovro, CTOJIbKO, 
CKOJIbKO HYXKHO, UTOObI ero NpoNecTb WI" ccotorpapupoBatTb. 
[leppoe HW BTOpOe OTKTOHEHHA He3aBUCHMbI, H MOITOMY Ha 
jWOOOM MecTe 3KpaHa MOKET 6niTh u300paxeH OOOH 3Hak 
rpacpapeta. 

Qanaua MallNHHoro MepeBoda C ASbIKA Ha A3bIK CeroaHA 
ele He pelieHa oO KOHL. TpamMMatTuka YeJIOBeyeCKOro A3bI- 
Ka CAMUIKOM COKHAa WIA TOPO, uTOOb! MOXHO Obio ee (POP: 
MaM30BaTb IA MalIHHbl HebOJIbUIMM YHCOM MpHeMOB 
Onnako cerofHA ye MoKkasana IPHHUANHabHad BOSMOM* 
HOCTb BJIOKUTb B MallluHy HeEOOXOMHMbIe MpaBHa. Jlanbuen 
juan paodota M0 yc OBeplIeHCTBOBAHHIO MallHHHOrO TWepeBod: 
TIpOLOK aeTca. HecoMHeHHO, UTO «NpaBHla MallHHHOW rpaM 
MATHKH» MoryT ObITh WH OyAyT cbopMyIHpOBaHb! AIA BCE 
A3bIKOB. BO3MO2KHO, HeKOTOpbIe ASHIK okaxkyTcH ocoOeHH 
KYMOOHBIMH>, C TOUKH SpeHHs hopMau3allun TpaMMaTHKy 
HW OHM TpHooperyT oco6oe 3Havenve. BosMOxKHO TAKE, TT 
6yncT BbipaboTaH HeKOTOPbIH MeKRYHAPORHbIA «MAaLIMHHPI 
S3bIK>, T.€, KOM, KOAHPOBKa C KOTOPOFO Ha HalMOHaJIbHbl 
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A3bIKH OyHeT MaKCHMAJIbIO pocToH, HW, TaKHM o6pa30M, 
Mex AVHApOHbIH OOMeH uHpopMaunel Sy7eT 3HAUUTeIbHO 00- 
Neruen. 

BecbMa BO3MOiKHO, YTO UpoOOeMa MaUIHHHOTO rlepeBoa 
WaxoluTed B Hacrosllee BPeMA IPHOAH3HTeIbHO B TaKOM KE 
CocTOAHHH, B KaKOM HaxoOMHJlaCb mpoOsiemMa MexaHHyeckOro 
BOCIIPOHSBCACHHA peuH AO u306perenna onorpada. Tlogo06Ho 
TOMY, Kak TOra TIPHMeCHAJIHCh rpomo3akve H Masloappek- 
THBHEIC APTHKYJALHOHHDIE MALIMHBI, KOTOPBHIC CTaW HeHyK- 
HBIMH Tocsie@ 3aMeHBL MpHHwTa BOCNPOHSBeTeHHA, Tak 
B Tpo6meme NepeBola, BOSMOXHO, HACTYIHT WepesOMHbIH MO- 
MeHT, KOPa OKaKeTCA BOSMO?KHEIM HeNOCcpeACTBeHHO PUKCH- 
pOoBaTb CMBIC J MpelWowKeHHA YHHUBepCaJIbHbIM JIAKOHHYHPIM 
KOJOM B YAOGHOM aucaBute, Nepexowa OT Hero K HallHOH aJlb- 
HbIM A3bIKAM TIO CTAHMapTHbIM IpaBHJlaM. 


Econ Malina MO2KeT MepeBOANTb, TO He MOET VI OHa 
COUHHATh? DTO— 3a4KOHHBIH H COBCeM He pasTHblWd BOMmpoc. 
Tlpitaach Ha Hero OTBETHTb, Mbl MO?%K€M YACHHTD pAa HHTe- 
NeCHBIX H He MpOcTbIx MOHATHH. 


Maunua, paOoraiollast Hal MepeBOOM M0 rOoH cxeMe, KO- 
Topas omucaHa Bplille, KOHCYHO, He «MOHHMaeT» HHYeTO H3 
Toro TeKcTa, KOTOPpbIH OHA WepeBOAHT. Vunaue roBops, B Ma- 
WIMHy He 3a102%KeHO HuYerO, YTO MaBasto 6bl eH BO3MOMKHOCTb 
CONOCTABIATS HHMOPMAaHO, CcomepKalllyiocA B TeKkcTe, C HH- 
cbopMallvel, HOJYYeHHOH paHee U3 KaKHX-JIM60 Apyrnx HCTON- 
uixos. HM nepesoia c pakiy3cKoro ibpa3y «va tent», 
MalldHa HameuaTaeT «yxo0u», HO HUKaK He cBAKeT TO, UTO 
Ona Hatieyatamla, HH C ABWKCHHEM, HH C noBesIeHHeM, XOTH 
B MaINHHe raaro.1 3alucaH, eCIM He YePHbIM TIO 6esIOMy, TO 
<HAMAarHMUCHHbIM TO HeHaMarHH¥eHHOMy» B MOBEVIUTEIbHO 
(bopMe, HI, HakoHel, C HeP@2KUBAHHAMH eHCTBYIOWHX JHU, 
OMHO H3 KOTOPbIX XOUCT, uTOOb! Apyroe yAauocb, a BTOPOe 
BBIHyKDeHO YHTH. CnoBoM, MalulWHa He <uHTaAeT» TeKCT Tak, 
Kak UHTAeT CFO pasyMHbIH UATATeIb, H OHA HE accounMupyet 
COBO HH C K@KHM jlelicTBHeM, MpeAMeTOM, coOpirneM. Oua He 
Mora Obl HOITOMY, CKa2%KCM, CbIrpaTb Ha CICHE me peBOLHMY!O 
eo mpecy. Mauimna-nepeBORdHK He HMeeT HEOOXOMHMbIX JIA 
3TOrO BOZ3MOXKHOCTEH. 


OnHako B HCKOTOPOM CMbIce Takaxdt MallMHa MOKCT, eCJIH 
He KCOUHHATbY, TO «H3UIaTATb> WEOBETECKHM ASBIKOM HeuTo, UTO 
off galaeTca B KayecTBe «CMBICIa>. Ec MOAOHTH K TEKCTY, Kak 
K mpocromy HaOopy OyKB HU COB, TO, aHadH3upyaA ero CcTaTH- 
CTHYCCKH, MOMKHO YCTAHOBHTb HaIHuMe BHYTPCHHUS cBa3eH, 
KOTOPHI€ BEITEKAIOT, BO-Il€PpBbIX, H3 TPaMMAaTHKM MW, BO-BTOPEIX, 
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H3 TOPO, HACKOJbKQ YaCTO HCNO/b3yloTCA B peuH MpuMeHae- 
Mble OOOPOTHI, T.€. KOMOHHANHA CyIoB. MoxuHo nepeko7upo- 
BaTb OOOH TeKCT Tak, 4TO B pesyibTaTe OH 6ymeT sMUICH 
BCEX MIM. MOUTH BC€X BHYTPeCHHHX CBaA3eH. TeKcT yKopoTutca, 
ISHTPONHA ero MOBBICHTCH, OH OYReT COMePKATh TOMbKO 3CceH- 
HIO CMbICa. C TOUKH 3peHHA CTATHCTHKH, TeKCT 10 CBOUM 
CBOHCTBaM IIpHOmH3HTCA K «6enOMy IyMy». Ecau tTenepb 
B3ATb JNO6YIO cJlyyaiiHy!O NocmeOBAaTebHOCTh CHMBOJIOB, 
OO1aqalouluxX TeMH Ke cTaTHcTHueCKHMH CBOHCTBaMH, MH Mpo- 
U3BeCTH C HeH MepeKOAHpOBKy, OOpaTuyio Tod, KOTOPy!lO MbI 
NPOHSBOAHJIM C HCXOAHBIM TeKCTOM, BHOCH B KO H36BbITOU- 
HOCTb B COOTBETCTBHH CO CBOHCTBAMH YeJOBeyeCKOrO A3bIKa, 
TO HCXOMHBIK «<OeabIi WyM» mpHoOperer CTpyKTypy HM kaye- 
cTBa (@pa3. OgHako B KayecTBe CMBbICa 3THX (ppa3 oKkaxKertcs 
HEuTO CJIy4aHHoe, TO, YTO MBI B3ATH 3a HCXOnHbIE mpowecc. 
Takue (pa3bl MallMHa MOMKeT <COUHHATLY BIH AVUWE CKa3aTb 
“H31araTb>. IIpHMepHo Tak xe paOoTana MaluMHa JlanyTaH- 
CKOH akajemuu y Caudta. B stom, B CYNIHOCTH, HeT HHYerO 
oOeckypaxuBalomero. Mb BIOKHAH B MalllHHy cJIyualtHylo 
NOCENOBATCABHOCTh WH NOJYUMIM TeKCT CO Culy¥aHHBIM CMBI- 
cOM. Ecau Obl Ha BXOX MallHHb! 6bIN0 MonaHO YTO-Nu60 
HHOe, NpeACTaBJ Allee COOOH COOTBETCTBYIOWIAM 06pa30M 3a- 
KOZMPOBAHHVIO PalHOHaJIbHYIO peaKUHIO Ha BHeLIHee Bo3nel- 
CTBHE, CMBICJI NMOMYYeHHOH dpa3bl Obl Obl B COOTBeTCTBYH 
C OOcTaHoBKoH Hw cbpasa He GObina 6bI GecempIcmeHHo. Maun- 
Ha MOria Obl pearHpoBaTb Ha OGcTaHOBKY TpaMOTHBIMH pyc- 
CKHMH BbICKa3bIBaHHAMH, 

Cefuac yxe He MpeacraBasor penKoctu JEMOHCTpallHH 
COUHHEHHOH MOAO6HBIM O6pa30M MY3BIKH, HallpHMep, B cTHIe 
Baxa uw Buspanbau. YrBepxyaetca, uto MeJIONHH KOBOOKCKHX 
N€C€H XOPOWO HMHTHPYWTCA C NOMOUIbIO cAyualtuoro Ipo- 
Wecca MapKOBCKOrO THIa, T. €. Mpomecca, y KOTOporo BbI6op 
Cl€1yIOUleH HOTbI 3aBHCHT MO BePOATHOCTH TO/IbKO OT Hemo- 
CpeAcTBeuHO pezuiectTByromlel. 

HM, Hakone, nocmenHee, 0 4eM HaM xOTeNOCh 6bIl yIOoMa- 
HYTb, TOBOP# O MallHHax, paOoTaloulHx c TeKCTOM,— 3TO 06 
aBTOMATHYCCKUX IH®pOBaIbIHKaX HW ewHppoBarbuluKaX 
CCKPCTHBIX Mepeqay. Salaya aBTOMaTHYecKoH KORMPOBKH 
JHOOIM CJIOKHEIM (ORHOKPATHBIM WIH MHOTOKPaTHBbIM), HO 
M3BECTHEIM KONOM HW pacKOqHpoBaHHng WHpporpaMM He 
COHEPKHT NPHHUATMAAIbHBIX TPYHOCTeH, HM  COXKHOCTH ee 
ONPCHCIACTCA JIMIUb CJIOKHOCTbIO 3aaHHOrO Kona. 


lopa3qo uurepecnee s3anaua paculIu@poBKH ceKpeTHbIX 
COOOWeHHH, 3aKOQHPOBaHHEIX HeH3BeCTHBIM KOHOM. Sanaua 
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9Ta HMe€eT HHTEpeCHy!O OCOGeEHHOCTb MO CpaBHeHHlo C Apyrl- 
MH BHgamu O6pa6oTKH HHpopManuH. OObIHHO mio6aa cHCTeMa 
CHrHaloB OblpaeT 3apaHee YCTAHOBAeHA HAH Mper- 
BAPHTebHO OpraHH30BaHa. B cayyae UCKyCCTBEHHBIX KH6ep- 
HOTHYCCKUX CHCTEM 9Ta OpraHHsalnaA (anaBuT, KoA) npery- 
CMATPHBaeTCA KOHCTPyKWweH CHCTEMBI. EctecrBeHHble CHCTe- 
Mbl OPraHH3yIOTCA.B Mpotecce cyllecTBOBaHuA (A3b1K BbIpa- 
OaTpiBaercsl B CBA3H C MeHCTBHAMH, TPyYTOBbIMH NpotweccaMu 
uT, g.). OrcyrcrBve BCAKOH NpeABapuTel bHOU opra- 
HM3allHH, NO-BHAHMOMY, HCKJIOUaeT BO3MOKHOCTb CYyIMeCTBO- 
BAHHA CHrHavibHOl CBa3H AByX cucreM. Mpl Mora Obl MOHATb 
CHrHaJIbl, noCMaHHble c Mapca, TOJIbKO B TOH Mepe, B K akon 
*KU3Hb Ha Mapce uMesa Onl OOLIHe UepThI C Halen. 

Paculupopka CeKpeTHbIX COOOMeHHH C HEHMSBECTHLIMH KO- 
NaMH ABIAeTCA 3aauell C MHHHM@JIbHBIMH MpeABapuTeJIbHbl- 
MH CBEJICHHAMH O MHO2KECTBE BOSMOKHBIX coo6uleHHi, ada- 
Bute u Kole. IIpu cpaBHUTeIbHO MpOCTbIX KOMaX STY 3aMayy 
pewaloT OObIYHO, ONMpaich Ha CTAaTHCTHYECKHE CBOHCTBA 
TeKkcTa (uacTOTY TOABJeHHA CHMBOJIOB H HX KOMOHHALLHH) . 
Pacwiu@popka B 9TOM CuIy¥ae He C/IMUIKOM TPYAHa. B c0oxK- 
HbIX KOMaX JWIA TOPO, YTOOb! H3MCHHTb CTATHCTHYeCKyIO CTPYK- 
TYPY, IIPHMeCHAIOT KOAMPOBKY 10 TaOJMWaM CJyuanHoro Ha- 
6opa cuMBovioB. B 3ToM Culyuae 3aada pacuiu@poBKH yCJOxK- 
HAeTCA, OMHAKO He CTAHOBHTCA IlOJHOCTbIO Hep a3pelllH MOH. 
Pacuud@poska sefetcs, rpy6o TroBopa, mpo6aMu Ha Pa3Hblx 
komax. Ilo Mepe xola mpoO OTCeHBalOTCA HEBEPHO BbIOp aH- 
Hple KOZbI HU H3 BCeX BO3SMOXKHBIX BapWaHTOB HEH3BECTHOTO 
TeKcTa HOCTeNeCHHO OKa3bIBaloTCA Ooslee BePOATHBIMH JIMUIb 
HexoTopble. Ycriex pacluMpoBKH 3aBHCHT OT PasMePoB TeKcTa 
(yeM JJINHHee TeKCT, TeM JJerde ero paciin@popatb) H, KO- 
HeuHO, OT KOMMYecTBa mpo6. Paciinposka Cc HeEH3BECTHbIM 
KOMOM HalOMHHaeT MOHCKH Hen3BecTHO Te clipaTaHHoro 
npeaMeta. CripaTaBlinit MOET eFO OTBICKATb CPasy, HO TOT, 
OT KOFO CIPATAH MpeAMeT, WOMKeH OOICKATb BCE BO3MOKHbIe 
TaHHUKH HW TOJIbKO TOrma HaHeT HCKOMOE. 

PaOorbl MO MONCKy HeH3BeCcTHOrO KOA yupe3BbluaHHoO TPy- 
noemku. Ha 3ToM, COOcTBeHHO, H OCHOBbIBAeTCA «CEKPCT- 
HOCTb» mepelauH. 

SIcHoO, UTO M€XAHH3allMA MOMCKOB HeH3BECTHOrO KOMa C MO 
MoUlbIO ObIcTpomelicTByIOWleH MaLUHHb! NOBbIWAeT MPOUSBO- 
NUTe@IbHOCTb B AeECATKH THICAY Pas. CooTBeTCTBeHHO CHH- 
*KaeTCA H C@KPETHOCTb KOOB. 

Viutepecen TOT (akT, YTO TeXHHKA ReuudpoBKu WAppo- 
rpaMM uMeeT MHOFO OOULero C «pacliHpOBbIBaHHeM» Hany- 
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ceH Ha QpeBHUX, HbIHe 3aObITbIX AabIKax. HW 3necb onNH HB 
OCHOBHBIX ME€TOOB COCTOMT B BbIABJIGCHHH 4acToT KOMOuHaUNt 
CHMBOJIOB, HX CBA3€H HM CTaTHCTHYeCKOH cTpyKTypH. UH B atom 
cuyyae Ooblad YacTb ONTO MH yTOMUTebHOH pa6oTn MO- 
*KeT ObITh NOpyyeHa akKYypPaTHbIM, HeyTOMHMBEM OblcTponeHt- 
CTBYIOWHM MAallHHaM. 


HeckowbKo sleT Hasan Oblia cmeaHa NonbITKa NOpYyYHTb 
MallHHe HaOop H pasMelleHHe TeKcTa Ha ra3eTHoT movloce, 
T.€. paOory MerpaHnamka. OrpemakTupopanHnli teKct BBO- 
AWICA B MaUlHHy, Kya MoMaBallach TakKe uHcdopmManua 
O Ppa3sMepax Fa3eTHOH MOIOCbl, OTBeAeHHOH nog TeKkcT. Ma- 
IIMHa <CaMa» OMpezeaa THN UIpudta, pasMepbl uw pacnovio- 
*KCHHE 3aTOJIOBKOB HW fMevlaia BCe HeOOXOTHMbIe WIA 3TOFO 
pacuetbl. PesybtaTh! pa6oTbl MallMHbl aBTOMaTHYecKH pe- 
aJIM30BbIBaJIHCb CNe€WHa@JIbHbIM CTAHKOM, H Pa3eTHBIM TeKCT OKa- 
SBIBAJICH HE TOJIbKO HaOpaHHbIM, HO HW CBePCTaHHbIM B LoTo- 
BOM JIA TewaTH BHe. 


Apyrue poodorsi 


OctTaBuM MalllMHbl, pa6oratolue c TEKCTOM, H OOpaTUuMca 
K APYTHM, KOTOpble TakKe YCIeWIHO BbINOIHAIOT HeKOTOpHIe 
«ueloBeyecKHe» OOm3aHHOcTH. Celiuac NOABJIAIOTCA BCe HoBbie 
POOOTI; BOSMOMKHOCTH HX CO3aH¥A BecbMa IWHPOKH. Mbr cmo- 
KEM YINOMAHYTb TOJIbKO HEKOTOPBle H3 HHX. 

He Tak 2aBHo cooOulaocb oO MallMHe, 3aMeHsaioWel Kac- 
cHpa 2eje3HoH Moporu. ABtoMatuyecku Kaccup He TOKO 
NOJYHaeT MCHbrH HW BbIqaeT OWJIeTHI H Ca¥y, HO H HCHOMHAeT 
Bce, YTO TpeOyeTca OT Kaccupa: Maer cnpaBKU O pacnucaHuu 
NO€30B H HEOOXOQHMMBIX B NYTH NepecagKax, 06 ono03naHHax 
NO€3HOB, €CIH TaKHe CJIy4alOoTCA, MaeT cnpaBKu oO HasHUHH 
M€CT B Pa3HbIX THNaX BarOHOB HU, BbI_aB OWJIeTHI, «BLIYePKH- 
BaeT> HOMe€pa MpOAaHHbIX MECT 43 CNHCKa, Ma6bl He Npomath 
HX JBarKJIbl. 

Yesopek B pa6otTe STO MauIMHEI He MPpHHHMaeT yuacrTHaA. 
Tem He MeHee BCe O683aHHOCTH 2KHBOrO KaCCHpa MalllvHa BBI- 
NOHACT H NPHTOM TIpewesbHO YeTKO, Oe301mH604HO, OLICTpO, 
6e3 NpOMeAJeHHH H MIWHHX pasroBopos. 


B HekoTopbix roponax CILIA ua mepekpecrKax O0JIbimHx 
YAHI, YCTAHOBJICHbI AaBTOMATHYeCKHe peryJIHPOBLIMKH yvHy- 
Horo mBuxKeHHA. Ha nogxomax K NepekpecTKy pacnosarairca 
MaJIOMOULHBI€ PaNHOJOKaHOHHbIe YCTaHOBKH, KOTOPbIe OTMe- 
YaOT KaKAyiO aBTOMAIMHY, HalpaBJIAiOllyloca kK TepeKpe- 
CTKY, H ORHOBPeMeHHO perHCTPHpylOT ee CKOpocTb (No atdex- 
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ty Jlonnaepa). Wudopmauua, codpannaa  10kal{MONNbIMH 
yCTaHOBKaMH, HalpaBJiseTCA NO KaHaJiaM CBA3H B peulaloulee 
ycTpolicTs0, KOTOpoe MO ONpeweseHHbIM MpaBHlaM (aro- 
PHTMy) OmpeneiaeT HEOOXOLMMBIN CHTHAJ cBerodopa B WaH- 
HOH CHTYaLHH, HCXOMA M3 Toro, UTOObI CBeCTH K MHHAMYMY 
3al¢pKKY MallHH Ha Mepexpecrke. IIpHMenenve aBTOMATH- 
yeCKOFO peryJHPOBIHKa YBCJHYHO MpOMmycKHy}o cnoco6- 
HOCTh TlepeKpecTKOB ipuMepHo Ha 30% u OcBOOOAHAO OT HE- 
OOXONMMOCTH epxKaTh Ha MepekpecTke NOMMIeHCKHH TIOCT. 
Oueub BaxKHBIM, NO-BHAHMOMY, ABJAAeTCA TOT (akT, UTO aBTO- 
MaTHUeCKUM PeryMHPOBILHK NMOTyuaeT CBEXeHHA O ripHObIBal0- 
IHX Ha TepekpecTOK MalluHax 2O TOTO, KaK MalUHHBI CKO- 
NaATcH y MepeKpecTKa B OXKUMAHHM CHrHaJa. BaxwkHo, KOHEMHO, 
MU TO, UTO B ABTOPEFYAMPOBIINKe 3aOKeH XOPOWHH aTOPHTM 
yIipaBsenis, MosyueHHbi Ha OcHOBe HayuHoro pelcHin 
3aauw O CBeAeHHH K MHHAMYMY BPeMCHH OKHaHHA Ma- 
IIH, 


Bomee ceppe3Hol O6H3aHHOCTHIO ABIAeTCA AMCHeTYepCKay 
cayKOa, CONpPAKeHHAA C OOMbUIOH OTBETCTBCHHOCTbIO H TPe- 
Oyloulad MOCTOAHHOTO HaMpAKCHHA BHHMAHHA H TOnYAaC He- 
Mayol HaxogunBocTH uw onbita. ITocMOTPHM, Kak padoraet 
ABTOMATHUeCKHH MucneTuep a3poroptTa. 


TIpuOmmxKaollnecd K adporlOpTy CaMOJleTbI oOHapyKH- 
BalOTCA a3PONPOMHbIMH pagauoaoKaTOpaMH. KarkaAbiit HOBbIH 
caMouvleT, MOABHBUIMHCA B palHoHe a9pompoMa, OTMeuaeTCcA H 
«6epeTca Ha yueT>. KoopaunaTbl caMoueTa, Onpele1AeMble 
palHOOKaTOPaMH, ABTOMATHYCCKH BBORATCA B CUeTHO-Ppe- 
WaOWlylO MaIUHHy, KOTOpas, COOCTBeHHO, H ABJIAETCA RUCTIET- 
uepoM. Malla c NOMOUbIO paqHoOOKaTopoR ycneBaeT CuE- 
JIHTb 34 BCEMH CaMO.1eTaMM OT MOMECHTA HX NOABJICHHA B 30HE 
HaOmoneHun mo nocanku. Kaxkyapili camMouler cHa62KaeTCA HO- 
MePOM H 3aTIMCbIBaeTCH «B OYepeNb Ha MOCaTKy>. TlockouIbky 
WIA COBEPWIeCHHA NOCaAKH CaMONeT MONKEH OKA3ZATbCA B HYK- 
Hoe BpeMA B HYXKHOM TOUKe, TOXom ero obecneuHBaeTca 
cTporuMuH ykKa3aHHuamu. Ucxona u3 ero HacTosilero MeCcTO- 
MOJIOMeHUA, BBICOTbI, CKOPOCTH, WIA HeTO BLINNCAeTCA TpaeK- 
TOPHA MOAXOMa, KoTOpan eMy HM MepeMaercaA B BHAe KOMAHAbl 
C MpoBepKoll HCMOJHeHHA H KOPPeKTHPOBKOH. TpaekTopua 
MOWXOMA NowKHAa OGecneunBaTh He TOJbKO 3aX0 Ha nocakky 
B COOTBETCTBHH C pacteTOoM, HO HW GOe30macHOcTh MORXxoRa, 
NOSTOMY OHA BbiGupaeTcH Tak, uTOGHI He Opluo OMacHOCcTH 
V3IMIIHerO COJMKeHHA C APYPHMH CaMOJIeTAaMH Ha TOAXOAC 
WIM B 30He OKnWaHHA. Hakonell, OCTaBIHIOTCH pe3SepBHBIe 
aMecta> B OUVepewH Ha Calyuail, eC OAMH U3 MpHObrBaroulUx 
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Puc. 8.23. Tlepexpecrox, OOC/yKuBaeMbIH aBTOMAaTHYeCKUM 
PeryJIHPOBLUHKOM ABH KeHHA. 
—~ PaAHOTOKauHOHHbIe yctaHoskA, 2? — cBeropopi, § — peuaiouee ycTp ofcTBo 
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caMoaeToR moTpedyeT cpOouHOH MOCcaAKH H3-3a HemocTaTKa 
ropiouero WH H3-3a aBapHu. Ecu «BHeOuepeAHbIX» MOCaMOK 
He OKa3bIBaeTCH, B Pe3ePpBHbIM MOMeHT MOXCT 6bITh MmocaKeH 
OMMH M3 OKNMAOWAX CaMOMeETOB, AAA Tero COOTBETCTBEHHO 
MeHAeTCA efTO MapIupyT. 

Benenue «Tekylileli paOoTbl» Oo BbIBOAy Ha nocakKy MHO- 
THX JLECATKOB CaMOJIETOB OMHOBPeMEHHO -LErKO yKJaLbIBaeTCAa 
B IIpOW3BOMMTC/IbHOCTb 9JIEKTPOHHOH MALIHHbl, KOTOpad 3aMe- 
HaeT mpuH 3TOM paOoTy MHOrHXx mucneTuepoB aaponopTa, 
ycxopseT oOopoT mopta H NOBbILaeT HaexKHOCTb paOorTHl. 
Cpasb C CaMOeTaMH MOAepKHBAeTCA TO Pato mu60 KOMA@H- 
ylaMu nuaoTy WH WITyYpMaHy, mu60 HemocpeACTBeHHbIM yipaB- 
meHueM aBTonusoToM. Ilocanka TakxKe MOKET OCYILeCTBIATb- 
cq aBTOMaTaMH BCJelly10, 6e3 yuacTHA NHOTA. 





Puc. 8.24. Anmapatypa, oGecneunBaBilan ABTOMATH 4eECKOe 
MuAOTHpOBaHHe caMOveTa OT B3NeTa AO nmocagkH (B Npo- 
wecce Halak). 


He ToAbKo mocafka CaMOvleTOB B a9ponopTy, HO H Moet 
Mo Tpacce MOxXeT ObITb MOJHOCTHIO aBTOMAaTH3HpOBaH. 3aa- 
ua aBTOMATMYeCKOrO BbIAePpRKUBAHHA 3aNaHHOTO Kypca CaMo- 
meta C TIOMOLbIO aBromlHoTa pellielia LaBHo. OnHako 9TO HE 
pellaeT MOJIHOCTbIO BCeX Banat moyeTa, Tak KaK AaBTOMNHJIOT 
caM Tpe6yeT ynpaBJeHHA (pBemeHHA KypCca, KOTOPbIH Onmpe- 
menseTca UWTYpMaHOM 10 aHHbIM neqeHra paHOMaAKOB, 
HAOMIONCHHIO OPHEHTHPOB, HaOAOAeHHAM HeGecHbIX CBeTHJ H 
C MOMOMIbIO PaHOHABHTaUHOHHbIX CHCTEM, WaroulHxX BO3MO%K- 
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HOCTh Cpa3y ONPeAeIATh KOOPAMHATHI caMovieTa). Heo6xogn- 
Mbl€ PpacveTbhl NO RaHHbIM H3MepeHnit MPOH3BORUT WITyYpManH. 
PacueTbl 3TH CJIO2KHBI, HO OHH NPOHSBOAATCA MO CTpOrHM mpa- 
BHaM WH MOTOMY MOryT ObITb NOopyyeHBl MallluHe. 

IipHHuynuaibHo 3anaya NOJHOCTbIO aBTOMATHYeCKOrO 
NHJIOTHPOBAHHA CaMOJIeTa OT B3eTa 20 MOCagkH He npeg- 
CTaBIAeCT ocoObIxX tTpymHocTelt: TPYHHOCTH cocpenzoToueHBI 
B TEXHHYECKOH CTOpOHe Mena: B co3qaHny ycTpoucrTsB, conps- 
rdtOUlMX BbIXOA HaBHrallHOHHBIX NPHOOPOB CO BxXOZOM BBIUHC- 
JMTCbBHOM MAlIHHBbI, B CO3ZaHuy AOCTaTOYHO JerkoH 6opToBokt 
MalllHHbl, MpOrpaMMHpoBaHHH ee pa6oTH oOecneyeHHun BBI- 
COKOH HaexKHOCTH pa6orTHI BCeii cuctTeMbl. ITepsptii nomHoctpro 
ABTOMATHYeCKHH MOMeT maccakupcKoro CaMOJleTa Ha JlaibHee 
paccToaune Obl ocyulectBueH B 1947 7. B CUIA. 


Tpancnoptup camoner c WacCaKHPaMHW cCoBepluina eca- 
THYaCOBOH NepeneT yepe3s Aruanrauecknys okeaH H3 Hpw- 
@ayHaienza B oKpectuocru Jlonnoua. Tloner nayanca € ,HH- 
CTBCHHBIM NeHCTBHEM YelOBeKa — HaxKaTHem CTapTOBOH KHON- 
KH, NOCHE STOO, BIOTh NO MpH3eMeHAA CaMosnera H BbIBOJa 
€ro K MeCTY BBITpy3KH, «yenoBeyecKoey ylipaBJIeHHe MOJIHO- 
CTbIO OTCVTCTBOBavIO. B reuenne BCero MOMeTa CaMOJeT ynpaB- 
JAJICA poOotom. Ha orgenbubix atanax MovleTa Me@HAacb 
NpOrpaMMa YNpaBJIeHHA, MeHSAJINCh MaaKH H OPHeHTHPhI, u 
9Ta CM€Ha ynpaBJIeHHA, TaK Ke Kak H NocalKa, lpousBogu- 
aCb ABTOMAaTHYeCKH, 


C Tex mop npo6stema BOMMCHHA CaMOJIeTa 6e3 YeTOBeKA- 
NHJOTa PaspabaTbiBalach uw ApomomKaeT BeCbMa aKTHBHO 
pa3spaOaTbiBaTbca, H B 9TOM HaNPaBJICHHH MOCTHTHYTHI HOBbIe 
yCnexu. 

I]u0rHpoBanue camovetog He ABJACTCH, KOHCYHO, eHH- 
CTBCHHOH O61acTbIO, rye HEOOXORHMO MIpOHN3BORHTh 3a4MeHY 
YeNOBeKa po6otom. Ho 310 ta oOacTb, rae o4eHb APKO BbI- 
CTyNaeT HeOOXONHMOCTh Tako 3aMeCHbl, THe yYenoBeueckue 
ClaO0CTH ABHO TOPMO3AT HCNOJIb30BaAHHE BOSMOXKHOCTeH Tex- 
HHKH. Uenopek Ha 6Ooprty CKOPOCTHOrO BBICOTHOTO caMouerTa 
CIHINKOM MeJWICHHO pearupyert, cHUIKOM ObICTpO yromuaser- 
CA, TpeOyer C.IMUIKOM MHOFo 3a60T o ce6e (annapatypp nas 
oOecneyeHHa ero pa6orTh B YCJIOBHAX TIOHHKeHHOrO aBute- 
HHA, HeAOCTaTKa Kkucwopona, 4YPC3MePHBIX Harpy30K mpu 
YCKOPeHHAX, HH3KOH TemMMepatyppl HT. A.). Uenopek «He co- 
r'lacOBaH MO TeXHH¥eCKUM XaPaKTePHCTHKaM» C COBpeMeH- 
HBIM CaMOJI€TOM, H WIA «cormacoBaHugy TpeOyetca pag no- 
NOJHHTEJIBHBIX TAKEJIbIX, CJIOKHBIX H AOpPOrHxX = ycrpoficts. 
H aaxe 91x ycTpolicrpa (ckadanzpn, repMCTH3H poBaHHple 
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KAOHHbI, OTOMMIEHHE HN T.1.) He MoryT Pelt 3a,1auy (LO KOH- 
ita. Jia rpy30BbixX MepeBO30K, ALA 6oeBbiX CaMOJIeTOB TlOpa 
34MCHHTb YeMOBeKa Ha GoptTy Go1ee BbIHOCIMBBIM, MeHee M€I- 
NUTCbHBIM, HEYTOMHMbIM POOOTOM. Sro HW MponcxowHT Ha 
HalWHX Twa3aXx. 


He mewee HacyULHble MoTpeOHocTH TOTO we Pod uMeWwTcH 
HB TIPOMbILWIeHHOCTH PaqHOAaKTHBHbIA BeulecrB H B ALepHoli 
gHepreTuke. Secbh TakxKe pOOOThl, HEYYBCTBHTCbHbIC K 6u0- 
NOrHYeCKH BPCMHBIM H3/yYeHHAM, AOJKHDI cTaTb Ha MeCcTO 
yeJIOBeK a. 

Topopax o poOotax éBHICIUeH KBaJIHDUKAWHH», BbIMOJIHALO- 
LHX OWeHb COMKHYIO HW OTBETCTBCHHY10 padoty mo KOOpAHHa- 
UHH jlelicTBHH OoMbIOTO KOJWIeKTHBA jquonell HW MeXaHH3MOB, 
TaKHX, HalpuMep, Kak MucneTuep adponopTa, HeJIb3a8 He yIo- 
MAHYTb O HEKOTOPHIX COW AJIbHDIX acnekTaX 39TOH mpoOJeMbl. 
IlucneTuep a9ponopta HIM MpOMbILLLJTCHHOTO NpeANIPHATHA HK 
opuuep pOTHBOBO3AYWIHOH o6opoubl (ero OOn3aHHOCTH HO 
cBoeMy XapakTepy Malo OTJHYAIOTCA OT O6A3aHHOCTeH AHC- 
lleTuepa agponopTa, KOTOPHIH OOecMeuAHBaeT KOOCY KHBaHHe» 
NPHXOAAULUAX caMOuleTOB) SABAAeTCH JIHIOM OTBeTCTBEH- 
HBIM, B IOpHAWYeCKOM CMbICJe STOTO COBA, Hu 39Ta ocodell- 
HOCTh He TOJbKO BXOJHT OpraHHyeckH B TEXHHYeCKYIO CTO- 
poHy OpraHH3allHH ero paOoTbl, HO H COCTAaBIACT COUN aJIb- 
Hy!0 cTOpOHy BOMmpoca. Ha Mectre mucneT¥epa aspomopTa 
HEMBICJIMM PpaOOTHHK, He HecyIlHH OTBETCTBEHHOCTH 34 CBON 
neficTBHA. ITO HCKINIOUHNO Obl BO3MOMKHOCTH NOTIb3OBAaTHCII 
a>dPOTIOPTOM. 

Vi ecu po6otbl mo Mepe HX «pocTa», TIO Mepe pa3BHTHI 
TEOPHH ABTOMATOB, SICKTPOHHKH Hi mpyrux oTpaciel 3HaHHi! 
6ymyT Bce Oosee H 6onee MOJIHOWeCHHO 34MCHATh YeOBEKA Ha 
CAMBIX CJIO%KHBIX ONepallHAx, TO 9TO He SHAMHYT, uTO UeJOBeEK 
CMOXKET MOsHOCTDIO YCTPaHATbCA HM OCTABHTb po6oTa B O/K- 
HOUeCTBE BbIMOJHATS CBOH @YHKIMMH. Bonpoc 06 «oTBeTCTBeH- 
HOCTH» poOoTa 3a KavecTBO BHINOAHACMOH HM paOOTbl MEHKUT 
Bue ccbepbl TeXHHYECKHX HayK, a B o6sacTH COUNaIbHOTO 
HcHoub30OBaHHA TeCXHHKH, HM MaKe Cama TocTaHoBka 9TOro 
Bonpoca, M0-BHAHMOMY, mpexcTaBAAeT HeerKysO 3a ayy. 

VimeHHo KaK OTBETCTBCHHOE JIHILO YJOBEK spaseTca Heoo- 
XOMUMBIM 3BeHOM B paooTe po6oTa, H 3TO MCCTO, HNO-BHAV: 
MOMY, He MoxKeT ObiTb 3aHsATO HuKeM ZpyruM. Pooor Mox«Kel 
oueHb 6bICTPO, TOUHO H 6e301HOOWHO AYMaTb 3a UcJOBeKA 
TOMCKA3bIBATb CMY CaMBbIe CJIOZKHBIEC, TOUHbIe H Ge30WHOOUHbI 
pelieHua, HO MpHHHMATb OTBeETCTBeEHHble PpeMe 
HHA WH, HHave, OOOPATb HTH orpepraTbh peleHHaA Po 
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Oota, MoxeT ToVIBKO TeNOBEK — KOPHAMYECKH OTBeETCTBeHHOe 
JNMO, KOMaHHp Mpow3BorctBa way Oullep apmun *, 

OTO oOcTOATebCTBO N€PBOCTENCHHOH BaxKHOCTH Hakviagni- 
Ba€T HEKOTOPble Tpe6oBaHua Ha ACATCJIbHOCTb, a ceqoBa- 
TEIbHO, H Ha YCTpoHcTBo po6ora. IIpexae uem ReHCTBOBATD, 
pobor o6s3an NPCAbABHTb CBOe peuleHHe YeJIOBEKY-KOH- 
Tpowepy MIA ONOGpenua yw KPHTHKH. B Hexkotoppix C1yuaax 
STO Oy71eT He OHO PCIUCHHE, A HECKOJIbKO BO3MOXKHBIX peure- 
_ HHH, 43 KOTOpBIX YenoBeK BbIOepeT ONHO, HCXOAA n3 coo6pa- 
*KCHHH, YYCT KOTOPBIX NO TeM HAH HHbIM MPHYHHaM He 3ayo- 
KH B MALIMHY. 

Caeqopatenbuo, Po6oT o6s3aH NPCIbABIATL YeOBeKY 
HEKOTOPy!O HH@OpMauu oO cBoe; pa6ote. Ecrectseuno, uto 
9Ta HHopMalua He MOET 6HITE NOJHOH, HOO HHOpManuoH- 
Had MPONyCkHaA cnoco6Hocth, WM, TOBOPA Npolle, ckopoctb 
paOorhl poGora, B TEIcHUH paz Mpesprilaer COOTBETCTBYIOLLY10 
CNOcoOHOCTh YenoBeKa, Uenopex fpocTo He ycneeT Hwyero 
<NPOMeCTbY HH YBUNeTh HW NOHATh. Hudopmauua, KOTOpPyi0 


MPCACTaBCHHOH MaKCHMasbHO HaraaHO HW NOHATHO ang 
weoBeKka. OOpatnoe BosnelicrBne TeJIOBeKa Ha paOoty pobora 
TAKKE TOMKHO ObITh MAKCHMaJIbHO NPOCTbIM, HalIpHMep, cBe- 
ACHO K HaKaTHW CurHadbHoR KHONKH, 


Heo6xonumoctp OOWeEHHA YeNOBeKa H poOota B xone pa- 


CoTbI cTaBuT penrbIt PAX npo6sem no OTOOpy HyxHO uH- 
dopMann, ee NCPCKOAMPOBaHHWO B «Y4emOBeNeCcKufi» aJI:—) aBHT 





* B uwactosuee BpeMa, KOrga KuOepHetuyeckag TeXHHKa elle TONbKO 
BHIXOTHT H3 CBoeH «konEGeru», KOHTPOJb 3a pa6oToh Many oco6eHHo 
HeoOxoOAuM, 3tTo HAWMOCTPHPyeTCaA 3a6aBHLIM, XOTA Hw He O4@Hb MPHATHBIM, 
MPOHCWECTBHEM Ha OTKPbITHH Bcemupxo spictaBKy B Bpioccene 18 anpe- 
4 1958 rogza (Tas39 Capa, 19 — 20/4 1958). 

Mpuesxue o6pamanuch 34 HaNpaBlenHeM B TOCTHHHILy B nocpea4H- 
HECKHE O10P0, pacnoaoxmenne B OombIOM unce BO3e BOK34I0B H a3po- 
nopta. Biopo cvHocusocy no Temehouy c WeHTpabHOL KOHTOpOH, KOTODAaA 
OOCTYKUBaach SACKTPOHHOH CueTHOH MaluuHot. Mauna, NOAYUMB 3anpoc, 
OTBICKHBada B naMaTH aapec Onmx«Kaliwei x MecTy, OTKya nocTynun 3a- 
MPOC, POCTHHHHILBI, rie uMenHch CBOCOMHbIe HOMepa Tpe6yemoro tuna 
(C BaHHOli Hau 6e3 BavUbl, OAMHOUHbIC, MapHBle YT. n.) H BbInaBana anpec. 
Ampeca roctuuny u 3arpy3Ka XpaHHJHCch B naMATH MaulHbl H HeMmpe- 
PbIBITO KOPpeKTHPOBamNCh 110 Mepe MpHObITHA HOBBIX nocTosabter. Bee 
ObI10 XOpOIIO Kpome... HaQ@*KHOCTH MaLIWHbt. Cayuunocb tak, 470 Malina 
43-34 HeHCNpaBHOcTH, KOTOpY!0 HeJb3H OblIO cpasy 34MCTHTb, CTala BBI- 
1aBaTb anpeca 3aH AT BX HOMEPOB, BMeCTO cBOGOaHbIXx. K Beuepy ropog 


UHH. Heucnpapuocts 6hina ycTpavHeHa TOMbKO K yTpy cHleqyiowero AHA. 
T pumexanue npu Koppexrype). 
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43 al@aBnrd Mainyu, OuNeHHIO HHPOpMalun OT LY MOb, 
a BMcCTC C 3THM HM BOMpOcb! 0 CKOPOCTH BOCIIPHATHA UCJOBC- 
KOM Pa3-IHUHbIX THMOB npewcTaBJeHHA uH@opMannn. C HOBOH 
ocTpOTOH BO3HHKAIOT cTapble BOTpocbl 0 padOote onepaTopa 
Cc HHUMHKaTOpaMH HW O peakUHh onepatopa Ha pa3-IHHHbic 
BHCIUHHe pasAaparmkeHHaA. TombKo Tenepb onepaTop padoraeT 
He C QJ@MeCHTapHbIMH CBeACHHSIMH, HOJYYaeMbIMH, HallpHMep, 
OT pasuosoKkaTopa HAM HO remerpady, Temepouy H T. A, a 
© cOOOWIEHHAMH O pesyJbTaTax pcileHHa OUCHb CJIOMHDIX, 
3alyTauHblX 3a%ay, KOTOPbIEe KMOLMCKA3bIBAeT» CMY podoT Hu 
Ha TIpopepky KOTOPbIX y YCTOBEKA yuo 6bl, ObITh MOKET, HE- 
CKOJbKO CYTOK AparoweHHoro BPeMCHH. 

Mp cuopa  cTasikuBaeMcA C npodjemMoH  «mepeBola» 
C q3bika MAUWIHHbI Ha «A3BIK> BOCIIPHATHH yeoBeKa, H Ha STOP 
paz mpo61emMa Mo CcBOCMY 3HaAUeHHIO OKa3blBaeTCA BbIpociucH 
Ha Be TOOBI BElIe. B alHoM clyde PeUb HACT HC TOJIbKO 
o nepenote HHPOPMALHH, TF. ©. nepeKOAMpOBaHHH eC B UIMPO- 
KOM CMBICIC CIOBa, HO H O CeJEKIMH TONDO cTporo HeoOXxo- 
TUIMDIX CBeACHHH, O corlacoBaHyl MpomyckKuon cnocoOHocTH 
“erdoneka H podoTta, 06 ycTpanenun BCAKOH  H30bITOUHOCTH 
CBC ;LCHHH. 

31o — npo6ieMbl cerojuAnero AW. [loka Hawi poGoTLl 
nejaloT WepBble WarH H Mbl TOJIBKO yuHM HX pasroBapHBaTh 
C HAMM TOJIKOBO, JaKONHYHO H KOPPCKTHO, a BMecTe Cc HHMH 
MHOTOMY YYHMCH H CaM. 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 





ot} 
on 
. LOGS S, 
ed i o, J 










f j { | 
: oi oe ry 
Ik ys F 





CJABA 9 








MHICJIL 


B pa6ote Ku6epHetuyecknx CHCT€M YIIPpaBJICHHA H CBA3H 
NONTH BCera Tak WJM WHayYe MpHHuMaerT yuacTHe yeoBeK. 
Alo nosBaeHHA aBTOMaToR H TEXHHYCCKUX CPeACTR CBA3H Ye- 
JIOBEK Ob CRHHCTBEHHBIM areHtomu yUPaBJieHHA, CBOHMH 
PYKaMH HanpaBJIABIUHM MM CHUIy KHBOTHBIX, WH TeIIO, HLyULee 
OT OHA, H BOAY peK Ha nos. C Tex NOp yxKe MHOTHe Orepa- 
UHH YIpPaBleHHA NepenwaHbl wesOBeKOM B PYKH ABTOMATOB, U 
4eJOBCK TeNe€pb HaNpaBJACT CBOIO ReATebHOCTH He TOJIbKO 
HENOCPCACTBEHHO Ha ymipaBweHue HCHOAb3YCMOH HM 9Hep- 
rHeH, HO WM Ha co3qaHHe YUPaBSOUNIX CHCTeM H HX pery- 
JAMPOBKy. 

Ecui MocMotpetb Ha WeaTebHOCTL ¥YCJIOBeKA C CAMO! OOmel} 
TONKH 3De€HHA, TO MOXKHO YBUeTb, TO nO CYILeCTBY BCAKag 
NPOH3BOACTBEHHAA AeCAT@IbHOCTh YeOBeKa NPC ACTaBJIAeT co- 
Oo ynpaBnenue cunamu NPHPOTbI B ero COOCTBEHHbIX 6H0W10- 
THYCCKHX WH COUMAJIbHBIX HHTepecax. O6pa6oTka nous, pas- 
BeHCHHe CKOTA, CTPOHMTEVIBCTBO MIOTHH, SJICEKTPHYCCKHX CTAaH- 
UHH, noGbi4a oOWe3HBIX HCKOMA€MBIX, OOpaborKa ChIDbA H 
r. Il. BC€ 3TO €CTb HE UTO HHOe, Kak HanpaB.leHuve ecrecrBen- 
ABIX MPUPOAHbIX MmpoweccosB no HEKOTOPOMY xKeMaTCJIbHOMY 
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pyculy, TO ecTb, B KOHeMHOM urore, yipaBaeHile HMH C Weblo 
H3BIe4eCHHA MOVIbSBI. 

Mp yxKe POBOPWIH, UTO Xap aKTCPHBIM CBOHCTBOM BCAKOTO 
nponecca yipaBleHliA AB/IACTCH po, UTO S9HeEprin YUIpaBJAloO- 
lero CHTHala MoxKeT OblTb HHYTOAKHO Mada mO CpaBHeHHto 
c 3Heprued, HOAUHHAIOULeHCA YHpaBeHhto. VimenHo 3T0 CBOK- 
CTBO YIIPABJSIOLUHX CHCTCM BENET 34 coOol TOT PakT, ATO 
MPOW3BOACTBCHHAA nesaTebHOCTh YemtoBeka Bcerda Aae! 
K3HeEpreTHueCKHH BbIHTPbIUI>, HpHHOCHT JHeEprHy 6o/lbiue, YM 
gaTpaunBaeT, HH, eC/IH HE OTPaHU4HBaTbCA TOMbKO PaCCMO- 
TpeHHeM 93HeprHn, a3BIeKaeT HS MpHpoOdbl Ooblue «MaTepH- 
aJbHbIX Oular», HEOOXOAHMBIX AA CyIeCTBOBaHHA YeTOBENC- 
cKoro pola, YeM 3aTpaduBaercA TEX Ke «Oslar> elOBeKOM, 
MpOn3BOAAWLHM pa6oty. Hmentio 06 3TOM cBOMCTBe YesOBeKa 
no cyllectBy roBopH K. Mapxc, Koraa OH NHCaJ O paoouen 
cue, KOTOPad B YCJOBAAX KalHTa/H3Ma sBJIACTCA TOBAPpOM: 
«,..peulaiouice 3HadeHHe HMC.Ta crenn@useckad moTpeOuTesib- 
Had CTOUMOCTb 3TOFO TOBAapa, ero cBolicTBO ObITb HCTOUHHKOM 
CTOHMOCTH, NPHTOM OOAbUIeH CTOHMOCTH, TCM uMeeT OH CaM>. 
(K. Mapxe. «Kanuta, T. 1). 

C 3rofi TOUKH 3peHHA BBCMeHHE ABTOMATH3alLHH H M€Xa- 
NH3aHH MpOHSBOACTBCHHBIX poleccoB Ht TO.IbKO B CMbICJIe 
SAaMCHbI MYCKYIbHOH CIlIbI joc pu TpancnopTHpoBKe Ipy- 
30B, Ha CTpOHTesIbcTBe H B ApyrHx busu4eckHx paboTax, HO H 
B CMbICJI€ 3a€MCHBI HH LHBH LY aJIbHOH yeoBeyecKOH cooopa3H- 
TebHOCTH, OMbITa HW T. 1. OO6COULEHHDIM Hay¥HbIM  OTTbITOM, 
BIOOKeHHDIM B MalHHy, 34MCHa ‘eJTOBCKa poOoToM B Hpouec- 
cax YpaBJeHHA, eCTeCTBeHHO, MpHBOAUT K TOMY, WTO Ty AKC 
paOoTy MOxKeT CilejaTb MeHpiluee YnCO TOMeH WM Te AE 
OAH B TO %Ke BPCMA CAeTalOT TOPAasAO 6obie, T.e@. TMOBbI- 
CHTCH MPOH3BOMUTeMbHOCTh TpyAa YeJIOBEKA. 


C 9Ton o6uleH TOUKH 3peHHs HAYVUHO-HCCIeEAOBATeJIbCKaA 
1eATeMbHOCTLD weNoBeKa NWpewcraBd1e4r co6onu He Henocpel- 
CTBCHHO MPOHSBONCTBEHHY!0 HeATCAbBHOCTb, a Mpotwecc co0u- 
paHHA 4H o6pa6oTKH HHPOpMauHy, KOTOPAH 3aTCM (MOKET 
OLITb OUeCHb He CKOPO, HO C TEM OonpuluM addextom) 6yLeT 
HCnoOub30BaHa B YyupaBJIeHHH TIPHPONOH MAA MOCTHKeHHA 
GHoNbUIeH NOb3bl MPH MCHbUIHX gaTparTax. KoHCuHOH WeJIbiO 
HAaYKH ABJISCTCH NMO3HAHHC, T- e. onHcanie Had10acMblX 
(bakTOB, HX CHCTEMATH34ULHA, BbIABJICHHE HX cpa3ell H nytTer 
K MOJe3HOMY IIpOMDIULWICHHOMY HCNOMb3OBaHHIO HAKOMVJICHHbI? 
cBeeHHH. 


Virax, soa, 9HepreruyeckHe MalHHDl i KHOepHeTHYeCKH! 
MaLIHEbI-poOoTbl pa6oTaioT COBMECTHO Ha Moub3y YeJIOBeKY 
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Yemosek B 9TOM KosIeKTIBe irpaeT oco6yto, pykKOBOAALLytO 
POlb, OH MOKeT AelaTb MHOroe TaKoe, uero He MoryT (ec1H 
YPOAHO, <ellle He MOryT»>) jelaTD pa6oth. B yactuoctu, yeno- 
B€K MOJIMKEH HCIOJHATD Te OOA3AHHOCTH, KOTOpBIC Heab3A 
NOpyuaTb poOotamM u 3a KOTOPbie OH CaM 0683aH HecTH OTBEeT- 
CTBEHHOCTb. 

OrpoMuoe Ko.uyectRO OmepalnH B paBHOH cTreneHH MoxKeT 
BBINOJHATL H POOOT, H YeOBeK, H TIO XapakTepy BbINOJHeHHA 
STHX ONepauHH, NO KayecTBy Pe3yIbTAaTOB pa6oTy uenoBeKa- 
ONepaTopa MH pobota MoxKHO cpaBHuBartn. Mnorgza Mp 6pipaem 
BBIHYKACHBI MPOBOAHTh Take cpaByenug. Kak 2Ke BBITIAQUT 
paOora uenopexa panom c padotol astomara? 


Yenospek y MauiMHl 


ITycrb, Hanpumep, yenopex CHAHT Ha BBILIKe RePppHK-Kpa- 
Ha, KOTOPbIH NORHUMaeT PPY3bI ‘CO CTPOHTeIbHOH mMvoulagKu 
Ha CTCHLI CTponleroca 3nanus. Tog ero PYKaMH TPH PyKo- 
ATKH, Kak Tad M3 HUX BKJOUaeT OLN 13 TpeX MOTOPOB H 
HMeeT TPH Noo KeHHGA: Cpevee — «BLIKJOUeHO», MmpaBoe — 
<Bieped» HW JIeBOe — «Hasan». Onnn u3 MOTOPOB BpallaerT 
ne6enky, NOAHHMA@IOULYIO Tpy3 BBepx Hun ONYCKaIOULy!Io ero 
BHH3, BTOPOH Bpatlaet CTpeyly KpaHa BpaBoO wAH BJeBO, 
TPeTHH ABYKeET Bech KpaH MO peJIbCaM BHOMb crpositetics 
CTCHBI Bieped WH Hazan. Kpanosunxk NOyuaer or cBoero 
NOMOILHHKAa, CHTHAJIH3NPyIOWlero B3MaxXaMu D.lakKa, KoMan- 
AY, NOKA3bIBalolly!o, OTKya wu Kya HYMHO Nepenecru rpys, 
H BBITIOJIHSeT 9TOT CHTHaN-KOMaHAY. OH HaxkuMaeT pyKONTKi, 
A€1ax ITO TOAYac NouTH He 3aNyMbIBaach. Kpay ABM KeTCA, 
KPIOK, Ha KOTOPDIH Wenvisior TPY8, MOAXOANT K HY2KHOMY Me- 
CTY WIOWAIKH WH OCTaNeBaNBaetca. TIOMOWHHK 3axpenaset 
Tpy3 H WaeT HOByIO KOMaHAYy. Cuopa KPaH IIPHXOSHT B ABH- 
*KCHHE HW MlepeMeulaeT rpys. 

KpavoButnk ne Moxer padorath c 3aKppITHIMA rta3saMu, 
He TIAaA ua rpys. Ilo Mepe nzBmoKenng TPy3a, HaOwonaa 3a 
CPO NOTOAKCHHEM, KPaHOBLIMK BKsOUaeT Y BbIKJNICYaeT MOTO- 
PI B 3aBHCHMOCTH OT nowoKeHngA 1 CKOPOCTH [py3a Tak, 
UTOOLI B KOHUC KOHILOB eHCTBHTe€AbHoe momoKenHe rpy3a 
COBNaIO C *KeNaeMpiM. OOprtHan ceasp ocyulecTBIneTca 
C MOMOIUIbIO 3PCHHA KPAHOBMINKa Hero PYK, BOS TeHCTBYIOLIHX 
Ha PYYKU MyCKa MOTOpoB. | 

Mb yoke 3HaeM, uTO OYKBaIbHO To 2Ke camoe MOXeT le- 
aTb aBTOMAT C O6paTHOH cBsa3bI0. Heoskuit, Heonnrupiit 
HJIH HEBHAMATCJIbHbBIH KPa@HOBULAK, OCTaHOBHB H.1H TIYCTHB He 
3O-BPCMH MOTOP MOXKeT BbI3BaTb PacKayuBaHHe Tpy3a, He 
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6cz30racnoe Mist OKPyKaloulHr. Uro6pt u36exKaTb 9TOTO, OH 
NOMKCH HayYHTbCH TacuTh BOZHHKalolwne KONeOaHHH, Pacci- 
TplIBAS MOMCHTbI BKJTOYCHHA BLIKJIOUCHHA MOTOPOB, HCXOAs 
43 cKOpOCcTH rpy3a, ero YCKOPCHH®, ILWHbL Tpoca, BCJIHYHND! 
poeed 1h Tes TOMY aly MANO HAVUHTbCA, HW WaydHTbCs STOMY He 
QUCHb JICTKO. 

[]papu.1bHo CKOHCTPYHpoBaHHaar ceppocucTteMa c MocTa- 
TOUHBIM UHC.10M OOPaTHbIX cpaseli OyaeT Death TO Ke CaMOe 
6e3 oumnSox. Ja aToro ee cTpykTypa qoWKHA ObITb MOAO- 
Opana COOTBCTCTBYIOWAM o06pa30M, HCXOAH 3 3a1aHHOH JO- 
HYCTHMOH BeJIHYHHDI xonedanuit rpy3a. Ec Mbl co3qaauM 
rakylo C.ICMMLylo CHCTEMY, KoTopan mlepeMellaeT Tpys M0 
nporpamMMe, onpe nese MOH cHrHaJlIOM-KOMaH0H, H oOecmenH- 
RaCT OTCVICTBUe OMaCHOH packauku rpy3a, HW OyaemM paccMa- 
TPHUBATb ee OTHeJIbHO OT KpaHa Wi rpy3a, TO MbI CMOXKCM H3- 
MCPHTb CC NapakTePHCTHKM H, ECAH HY2KHO, H3MCHHTb HX TH 
OTPeryAANPOBATbh CHCTEMY, 

Tenepb oOpaTumMca K KpanoBliuky. OW AoaKCH NCCLATb 
4 teaeT TO 2Ke, UTO Halll aBTOMAT. On nomyyaer BUCHITHE 
Boz TelICTBUA — HH@OpMallHlo O cyipGe rpy3a-——¥ cam BO3- 
neficTByCT Ha Kpau. Mp MO2KCM OMHCaTb WCHCTBHA KpalloBe 
iHKa B TCPMHHAX H CHMBOAaX TCOPHE aBTOMAaTHYeCKOro pery- 
aupoBaiuia H, MorBepriiyB €'O padoty OObCKTHBHDIM H3Mepe- 
HHSIM, ONPeTeIHTb e€Lo «pyHKHIO Hepe.auH> cCOBePLICHHO 
TAK 7KC, Kak eCJIM 6b Ha ero MectTe OblLI aBTOMaT. AIro 1e 
aOCTPAaKTHAA BOSMORHOCTH, ITO TeXHHUCCKHE MpPHeM, KOTOPbIM 
IMMPOKO TO.Sb3YIOTCA HHAKEHEP DI! pH pacueTe NO1yaBTOMaTh: 
UCCKHX CHCTeM PCry.-THPORAHHA, B paGoTe KOTOPBIX ywacTByC? 
uedopek. Betb cit Toro, uTOObL pasyMNO WH TpaMorHo MO- 
cTPOHTh CHCTeMY, HCOOXOMUMO 3HATb XapaKTCPHCTHKHA BcexX 
aACHbCB, B CC BXO/IAIIMX, B TOM YHC-IC H XaPaKTCPHCTHKH We- 
JORCKA. 

aAKUMI 2X@ OCOOCHHOCTIMH o6ianaroT PyHKUHH Uepelaya 
ere OREUECKCTO 3BCHAa? cnenaulelt CHCTCMbI 10 CpaBHCHHlO 
© XAPAKTeCPHCTHKAMH MCPTBBIX SBENBER, BHUTOMHSIOULUX TY 2KC 
padoty? 

Bo-1epBElx, XapakTCpHCTHKA yETOBCKa H ABTOMaTa OKa- 
aninciores! OAW3KHMH Apy? ApyTy, Vuoro, coOcrBeHHo ToBOpA 
1 OUKHIaYb Hesb3s, MOCKO.TbBRY mpaxTuueckH COBMadaloT BHT 
rodeMble PyuKuEn. Bo-BTOpplX, XAPAKTEPHCTHKH UCTOBCKE 
He sBgisioTes CTporo TOCTOAHHDIME, Or pasa kK pa3y HesOBel 
HOCKOJIbKO H3MCHACT CBOIO PeaKILHIO, CaN Toro We 3aMcuas 
Takum o069a30M, @ylkuna mepelani yeNOBeKa NOABepKeHs 
cydalinbiM H3MCHCITHAM H MOTOMY O HeH NPHXOANTCH yqeati 
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YTBCPAMCHHA JIMUIb B cTaTucTHUecKoy CMbICIe€, Kak O cpen- 
Hel BCTHYHHE ¢ HEKOTOPbIM pa36pocom. 

Kpome cayuaiinprx orksonennii OT cpeanero, dyyHKuua 
Hepelaun YeOBeKa MOABeEPKeHa TakxKe y CHCTEMATHUCCKUM 
H3MCHeHHAM. OHa MeHsetTca nO Mepe OOyUeHHA, CHadana Mex- 
ICHHO, 3a4T€M ObICTpee, MOcuIe 3TOrO CHORA 3AMCLIACT H3Me- 
HeHHe WH Mpu6vwxKaetca kK HEKOTODOMY CTalNOHaDHOMy 3Ha- 
YeHHIO. O6 3TOM ycraHoBUBUemMca SHAYCHHM Mbl H TOBOpHJIN 
Bbiuie. TIpomece xe u3MeHeHua PyHKWMN Nepenaun, CKOPOCTb 
H3MCHCHHA H Mpeqebl H3MeHeEHHA UacToO HCNOJIB3VIOTCH Kak 
XaPpakTCDHCTHKM CKOpOCTH O6yyeHHS HAH cnocoOHocTu cy6p- 
CkTa K oOyueHnio. Jina aBroMata 9Ta KPuBast ObiBaeT «mpoit- 
ACHa> cule HO ero poxkAeHuA; mpi Lannona IIPOXONHT 
oOyyenve 3a onnH YPOK, 4COBeKY HyKeH AA 9TOrO AaH- 
TCNbHBIH «MPOM3BOUCTBEHHbIE CTaxK». 


lanee, byukuna epetauW MeHACTCA OT cy6bekTa K cy6b- 
eKTy. OHA MeHAeTCH TaKxKe qa OANOrO H TOTO *%e ONepaTopa 
B SaBHCHMOCTH OT HacTpoeHus, cocrosunsa 320POBbs, YTOM- 
JICHHA H APYrHX BHeIMHHX H BHYTPCHHHX (pakTOpoB. Oxnaxko 
STH H3MCHCHHA HE M@HSAIOT Buda MyHKuNH n¢peqauu, a Waror 
JHUIb KO.THYCCTBEHHbIC OTKJIOHCHHA OT cpeqHero, 


CaMbIM HHTepecHbIM cBofictBow «YeIOBEYCCKOFO 3BeHay 
ABAIOTCH HE 3TH CPaBHHTeJIbHO MeIKHe ocoOeHnoctH, a mpy- 
Toe CBOHCTBO, HMelOllee BeECbMa BaxKHOC 3HaueHHe. Uenosex- 
ONCpaTOp MOHKeT MocpeAcTBOM O6y4eHHA OCTHOD TOFO, 4TO 
ero (pDYHKUNA nepenaun MoxerT NPHOAM3UTbCH OK JHOOOMY 
(pasyMeetca, B H€KOTOPbIX Tpemkelax) Hanepey 3aaHHOMY 
Buy. Muaye ropops, uenopek He 06.4 alae? OLHO onpe- 
ACICHHOH PyHKUNeH Nepenaun, OH MoxKeT «“HACTPOHTbCA» WI 
HaYNHTbCA paOoTaTb B COOTBeTCTBHH ¢c mOGoT; DyHKuNeH u3 
NCKOTOPOrO Klacca. TakuM o6pa3om, YeNOBEK, XOTH HM Tpe- 
OyeT BpemMeHH Ha O6yyeHHe, HO 3aTO OKa3bIBaeTcs «VHHBep- 
CaJIbHbIM> 3BCHOM. 


B 3apncuMocru or noctaBaenyoti nepel HAM 3amaunu ye- 
‘TOBEK MO:KCT paOoTaTb Kak 3BeHO c stMHeLHOll wu HeJIHHeCH- 
HOH XapakTepHcTHKOH, Kak qupPepenitupyrwilee wa HHTe- 
rpuPpyroulee sBeHo wu T.a. Pasymeerca, on pH 3TOM He MOKeT 
BbIITH 3a HeKOTOPBIe ecTccTBeHHBIe NpeReCJIbl, HaNpHMep, mo- 
BPICHTb CKOPOCTh PeaKUHH CBePX CBOLCTBeHHOT CMY MAaKCH- 
Ma.IbHOH CKOPOCTH WIM 2aBaTh MeEHbINYIO OMIMOKY CUHTHIBA- 
NA, MCM Ta, KOTOpad COOTBeTCTBYeT ocTpoTe ero 3DeHIS 
HT. A. Octapasca B KomMuecTBeHHOM OTHOIMeHHH OrpaHnuel- 
HDIM, YC1IOBEK OOIakaeT upesBbluaitHo ruOxuMy XapakTepu- 
CTHKAaMH M MOTOMY Jerko npacnoco6asetces K mo60i Mamune 


219 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Hu mo6oh oncpaunn. Iipapaza, pasin4anble onepalnu Tpe6yloT 
OT Hero Pa3JIMUHOTO HallpAxKeHHA CHA: (bu3sHuecKHX H HHTE- 
ReKTYQIbHBIX (BHUMaHHe), H MOTOMY BbISb'BalOT Govlbllee 
HIM MCHbulee yTomcHue. Tlosromy, HeCMOTPpA Ha Ha-IHUHe 
IeHHbIX YHHBCPCaJIbHBIX BO3MOZKHOCTeH oNepaTopa K MPH 
cnoco61eHHlO, MPH MpOeKTHPOBaHHH CHCTCM HCOOXOAHMO «CO- 
raCOBLIBaTb» XAPAKTePHCTHKH MAlIHHBI C MapaMerpaMu AC- 
nopeuecKoro HHTCWJeKTa Tak Ke, Kak CordacyloT PeOMeTpH- 
yecKHe pa3Mepbl YacTeH MallHHbl H HeOOXOMHMBIC IA 
yilpaBsieHHA e1l0 YCHJMA C pasMepaMH HCIOBEUCCKOTO Tela H 
ero 3HepreTHueCKHMH BO3MOXKHOCTAMH. 


Ecu 3agaua onepatopa, HalmpuMep, COCTOHT B TOM, yTOOBI 
noOoOHO KpaHOBUIHKY MPHBOAKTb K COBNaACHHIO HCKOTOPDIH 
ya6.1OaeMblii HM WpeaMeT (He OOHZATCILHO TPys, BACALLNH 
Ha KpIOKe, 9TO MO2%KeT O6bITb NOABHAKHAA MeTKa itd HHAHKa- 
Tope WAN MepeKpecTbe MpHuUeia opyaHa) c 2eTaeMbIM eFo 
MOOKeHHeEM (MecTOM OMyCKaHHaA = rpy3a, CTpeIKOH HHH- 
KaTOpa WIM C UeIbIO) H NpH STOM ONcpaToPp BO3AeHCTBYeT 
Ha UWITypBasl, TO OyMeT CipaBATbCA CO cpoeH 3auayeH KaKk 
B c1yuae, KOrga NOWOKCHHE WTypBata 6yHeT onpeyze- 
Nath MONOKeHHNEe ynpaBisemoro HM OObeKTa, Tak Hi 
B clyuae, Korda NO.TOKENHNC UTypBala cooTBeTCTBYeT 
CKOPOCTH HH ycKOpeHHt HIM KOMOHUALHA TOJI0- 
*KEHHA, CKOPOCTH H YCKOpeHHA OObEKTA. B KaxkdOM cJlydae 
OnepaTOp MOJKeH KHaYYHTbCA», <MPHBBIKHYTb?, «mpHodpecru 
OlbIT», T. €. MOBeCTH CBOe YMeHHe AO Takofl creneHH, uToGbl 
eMyY He HyKHO OblLIo pa3sMBbIUIATb Hat TeM, Kakoe ICH- 
CTBHe MPeIPHHATb, YTOOL] peakNA BOSHHKATA «ABTOMATHYUC- 
cKH», 6€3 Pa3MBILVICHHH, PaHbile, YeM CaM OH yclcer «CO- 
OOpa3sntb», TO OH Wevtaer. 

3anaya wohepa, cuysllero 2a pyeM — BecTH MallHiy m0 
orpeacinoh emy uacTH jloporu. CayyaHuble OTKOHEHMA OT 
*KOLACMOFO TIYTH H3-3a MOBOPOTOB AOPOrH, Ce HCPOBHOCTCH, 
OlNNOOK caMoro Wobepa OH JHKBHANPyeT MOBOPOTOM 6apaH- 
KH B IN2KHOM HampaBscnHy. IIpH STOM yrow NOBOpoTa Ipo- 
NOpuKOUaTeH KPUBK3He TpacKTOPHH MaLIMNH, F.C. mpuO.1H- 
3HTeJIbHO BTOPOH MPOH3BOAHOH PYNKLNH, onpenemollelH M0- 
NomeHe «MAINE Ha Tooce oporH. Takim o6pa30M, 
wlodep BosnelicTByeT HenmocpeAcTBCHHO Ha BTopylo 
NDOHSBOAHYIO PeryAMPYeMOM BCAHNIII. TlostoMy Maa Toro, 
UTOObI, HANPUMeP, COXPaHHB HanpapeHve ABHACHHA, «ITIPH- 
HATb» Ha MeTp BJleBO, Wodep MO1KeH MOBEPHYTb PYIb uCTHI- 
pe pasa (BTOpoe HM TpeTbe ABHAKCHHEC O6bIdHO CHBAIOTCA, TAK 
KaK IIPOH3BOAATCA B OJHOM HalpaBJeHul). CTpesioK me AWA 
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TOTO, 4TOOBI NC DeMeCTHTb TOUKY NDHUCIHBAHHA NoOvAceH cie- 
JJaTb BC€rO OHO ABH KCHHE, @CJIH ero LITYPBaJ BO3€HCTBYeCT 
Ha NOJIOKeHHe CTBOJIa, HJIH Ba ABHOKCHHA, eCJIH HITYPBa.] 
ONPeNeJIAeT CKOPOCTb NOBOpPOTAa. 


Crpetok, KpaHoBLHK, BoHTeND TpaHcnopta Hu mM060K 
Apyrou onepatop, 6yazyan «<KHBHIM 3BEHOM» B CHcTeMe c 06- 
PaTHOH CBA3bIO, BbINO.IHAeT CBOIO 3amauy TeM wJyule, wem 
MeCHbIUe OH IIPOABINeT CBOH Pa3sHooOpa3suble yenoBeyeckne 
CNOCOOHOCTH, UeM 60bUe ero padota Hanomunaer paOory 
aBTOMaTa, 4M ME€HbIIIe On PpaccyKAaeT HH OTBUeKaeTca. 
Ourm6xKu B pa6ote OnepaTopa MOpox7awrcn Kak BHeWIHUMH, 
CJIYYaHHbIMH, TaK H BUYTPCHHHUMM TpHunHaMu. Hlosbep moxer 
COBCPUIHTb OWHOKY He TOMbKO NOTOMY, 4TO OH BbIHYKTeH 
ObLT OTBICUbCS, YTObbI NOCMOTPeTb Ha YTO-TO, IPONCXGALLee 
Ha KpalO JOporu, HH MOTOMY, 4TO ero OTBI€KIH BOTIPOCOM, 
HIM B Tla3 eMY 3a/leTea MOLIKa, HO y MpocTo moromy, uTo 
OH NOATAaICH MOCTOPOHHHM MbICaaM = yay BOCNOMHHaHHaM, 
NePCKJNOYHJI BHHMaHHe Ha 3a60TbI, He CBA3aNHpe C BbIITOI- 
HA€MLIMH HM OOSI3aHHOCTAMH. 


JlefictBuresbHo, XOPOIUO paOoTaer B KauecTBe omepa 
HIM BOOOIle Onepatopa y MauluHBI TOJIbKO TOT Ye.IOBeK, KO- 
TOpbIli paOoraet, Kak aBtomar. Ecrp O4€Hb 3ddekTHBuUpII, 
XOTH HW PHCKOBAHHBIM, cnoco6 MPOTEMOHCTPHPOBaTb aBTOMa- 
TH3M peakUNh Mp ynpaBvenuny Be1ocune1oM. Tlonpo6yiite, 
CCH BbI XOPOWO e3QNTe Ha BeslocHTese, Ha XOMY NMepeMecTuTh 
IPaBylO PyKy Ha. weBylo py4Ky pyvin, a JI@BYI0 — Ha mpasByio 
PYUKY HW, NepekpectuB Takum OOpa3s0M pykH, yupaBaarh py- 
IEM Bewocunena. OObluHO BHaYane eno HeCT XOPOWoO wBe 
HH TPH CeKYHAbI, MOKa BetocHnexd Moxer MBUratTbca 6e3 
yipaBacHua. Ho kak TolbKO mponsofiyer M€pBOe BbIHYK]eH- 
HOC ABHACHHE PyJICM, OHO OKaKeTcR HanpaBJICHHbIM B CTO- 
POY, MPOTHBONO.1OKHyIO To, B KOTOPyIO CJIeMOBaJlo ero 
chelatb. ABromatHueckve peaKuni «nepenyTalHblx» PyK OCylke- 
CTBIAIOT HE OTPHUAaTesbHYIO, CTAGHH3HPYIOMVIO, a NOTOKH- 
TEADHYIO OOPATHYIO CBH3b, BeJIOCHNe HeH30@2KHO ONPOKH- 
AbiBaeTcH. Pa3symMeetca traKolt SKCHEPHMeHT MOXKeT mMpennpu- 
HATb TOMbKO 3aKaJieHHbl CNOpTCMeH, crocoéHBIf nepenectTu 
HeGOJIbuIyIO aBapuio. ITpoxebipatb TaKoli onbiT BCAKOMY Iie 
pekomelizyercs. 

Hrax, B ToHOM cMprcne cnoRa CO3HATeJIbHOe, paccy.H- 
TEVIbHO€ MBIUVICHHE elCTBYeT TOAbKO B nepHoy o6yyenua. 
IIpu BemowHennn MPHBBIYHBIX Onepauntt ReHCTBYIOT aBToMa- 
THYeCKHe, ObICTpPble peakIHH, 3a KOTOPBIMH JCTaJIbHbIH aHa- 
M3 paccylka Monpocty He ycneBaet. IIpu 3tTom apromartu- 


281 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


UCCKHE PCAaKUHH COBCEM He OOAZATCAbHO ABTAIOTCA 3.TCMCH- 
TapHO MPOCTbIMH: Woep, BeAA MaINHHy B NOTOKC Tpalic- 
lopTa, He TOMbKO YYHTbIBACT MOTOAEHUC COCeTHHX Mali 
B JLaHHbItt MOMeHT, HO HM 9KCTPANOAUpyeT HX HOsTOARCHHC Ha 
NOCMeAYIOMINe MOMCHTbI BPCMCHH, OCYHLecTBAIH MPCTCKAsd- 
Hue Oylyulelt CHTYalHH HW MpeANpHHUMad Te HW HABIC meH- 
CTBIA (TOPMOSHT, yCKOpsAeT, nosopaynBaeT) B SaBHNCHMOCTH 
OT TOFO, UTO «1OT2KHOY CAYYHTECS CHYCTH HCCKOJBKO CCKYHA. 
Takoe Ke mpeackaszanne OyaylleTo OCYMICCTBAKET NOACOSHA- 
TebHO TWellexoN, mepexoMAWlHi yWWy B NoTOKe TpaHcnopTa 
(B HapyuleHve mpaBHul mBwoKenus). To mae Beslaet OXOTHHK, 
CTPeAIOULMH B WeTAMLyIO NTHIy H BLINOCHILHA TOUKY MmpHite- 
JMBaHHA Bieped, «<yupewKaan> iedtb. Ty we 3aqauy peiract 
IpHOOP YAPaBACHHA APTH/JepHHCKUM OTHeM. 

Bee sth H NOMOOHDIC HM CCTeCTBCHHDIC Win, Yaule, UPH- 
o6percuibie OOYYeHHCM MH ONBITOM aBTOMATHSMbI, T.C. OUPC- 
NCHCHHBIC PCAaKUHH Ha ONPCACMeHHbIe PaskpaAKCUUsA, KOTOPBIC 
pery-Inpiio TOBTOpAIOTCs OT ONLITa K OMBbITY HW MOTOMY HiMCIOT 
xapakTep YCTOHYUHBOCTH, OCYMICCTBAAIOTCH TOTbDKO TIOTOMY, 
UTO B OPralH3Me MPOTeKAaIOT ONPCACICHHLIC, 3AKOHOMePHbIC 
H CTAOHDHbIE MPOLCCCHl, NAYHNAIOUMECH BOCIPIATHEM HW KON: 
UaOllNecH peakiluch. MYyHKILHOHHPOBAHHe, padota opranns- 
Ma UeOBCKa KaK XOPOIWO MocTpoeuHOrO aBtoMaTa MpoTCKacl 
Ha 6a3eC MaTepHa/IbuOH CTPYKTYPbl, B KOTOPOH jIPOHCXOAAT 
MATCpHabHbIe = (PU3HKO-XHMIIVECKHE, (busnO.TorMuccKHe = Npo- 
Wecchl. PyHKUHN UeTOBeKAa, erO PeaKUHH CBABALI CO CTPYk- 
TYpoH ero HepBHOH CHCTEMBI. Co cTpoeHveM HepBHOH CHCTeMDI 
CBASAHBL, KOHCIHO, JIC TOJbKO AaBTOMATHYCCKHC PCaKHHH, HO 
H Mpowecchl OGYUCHHA H BCC NCHXWUCCKHC ABACHHA, Kak Ou 
CNOOKHbI OHM HH OLIN. Bpam an 9TO HyKHO OKASHIBATH, Tas 
KAK BCHKOMY H3BCCTHO, UTO HOPMANbHAW COZHATCADHAA ANTH Ys 
HOCTh UeOBCKAa HJIM XKUBOTHOTO BO3MO2KHA TO.TbKO TPH HOp- 
MaJIbHOM 320POBOM COCTOANHH ero HepBHOlt cucTeMbl. JTioGac 
NOoBpekKAcHHe, 3aGo7cBaHHc, OTPAaBACHHe CHCTCMUK HCPBHBIX 
KICTOK OONBZATCIBHO BleueT 3a COOOH paccTpoHCTBO (YUKU 
HeEpBHOM CHCTCMBI C COOTBETCTBYIOWLUMH BHCHINITMT MposB1e- 
HHAMH. TOWHO Tak *%e BeneT ccOM Malmnna: Ola He MOK 
HOPMAJIbHO PYHKUHOHHPOBATh, eCJIN Ce CIPYKIYPS Hap ylicHa. 

Mp yake ropopuau Br. 9 0 padoTe HCPBUbIX BO.TOKOI FE 
KleTOK TPH mepelaye CHrHa.10oB — HepBHbIX BOZOVACICHHE, 
B ra. 6 MbI YIOMHHAIH O HEPBHbIX CTPY&TYPan, OTBCTCTBEH- 
HBIX 3€ MpOCTeHINHe BPOAMACHNbIE ABTOMATHSMbE OCsyC.10B- 
ble ped@.cKcbl. Tenepb Mb BKpaTie OCTAOBUME: Ha HCKQ- 
TOPHIX YepTax cTpocHHuA HEPBHOH CUCTCMbI B Ue.10M. 


282 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Crpoenve HepBHOM cHcTeMbI 


Mbl y2Ke TOBOPHIM, TO HepBHaa cucTeMa, KaK Hu a10608 
Mpyrow OpraH %uBOrO Tela, COCTOHT M3 OTACbUBIX KNeTOK. 
Hepsuas KleTKkKa — Helipou, Kak HM BCAKaH Upyraa KsleTkKa, 
HMCCT AAPO, OKPyKeHHOe NpOTONa3Mon. Pasmepbl Tena KeT- 
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Puc. 9.1. Heipoubt pas.anuiplx ormesos HEPBHOH CHCTEMBI MO3BOHOY4HHIX. 


1—~—ueftpow cunuanhnoro rauraua, 2—HelipoH c KOpoTKUM aKCOHOM, ? — mMoTopHblt 

HeHpoOH NepeRHHY poroB cHOHHHOrTO MoO3ra, 4 — HCApPOH MO3*KeuKka, 5 — neputepuveckuh 

apibepenrHbit Hettpon o6 HaAHHA, 6 — HefpcH TaHiHA aBroHOMHO! HepBHOH CHCTeEMH, 

7— KJleTKka IIYpKHHLe MO3KeUdKa, 8 — NUpaAMH Quolit HeHpoH KOpbl nowyiuapuf ronoBHOro 
Mo3ra. 


KH Topsaka Q,1 aa. OT Tena KaeTKH OTXOAAT OHH UAH He- 
CKO.IBKO OTPOCTKOB, HMEIOWHX WHaMeTp nopsaaka 0,01 ma u 
MIMHY OT Hoek MHJWINMeTpa RO MeTpa nH 6ombUte. O6pnladHO 
TOJbKO OHH OTpOCTOK (aKCOH) uMeeT OONbULyIO WIHHY 4H 
OCYUICCTBIACT CBA3b JaHHOrO HeHpoHa C YAaJeHHbIMH KJeT- 
KaMH. AKCOH HMCeT KOpOTKHe OTBETBJICHHA (KoWIaTepasn). 
OcTaJIbHble OTPOCTKH MaHHO KIeTKH (KpoMe akcoua), Ha- 
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ZbIBACMbIC IPCBOBHAHDIMH OTPOCTKaMH (1cHIpuTaMH), HMeIOT 
HeEOOUbILYIO AJIHHY H CHJIBHO BeTBATCA. Oun oOecneynBalorT 
KOHTAaKTbI C AKCOHAMH APyrux HeHPOHOB, 

Hepsuble BOJIOKHa — akCOHbI, coOupasch B MY4kH, OOpa- 
3yloT Govice HI MeHee TOVICTbIe HATH *AKCMUVRKHO-OeOro WBe- 
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Puc. 9.2. Heiipoubt pa31Huhblx OTAEOB HepBIOH CHCTe ML NOSBOHOMHDIX. 
f—Teslo KMeTKH, 2 — AeHAPHTL!, 3 — aKCOH. 


ta—Hepspl. Hepsel mpounsbiBaloT TKalil Ted YKHBOTHOTO H 
COCMHHSIOT MEKRY COOOH CKOMVICHHA HCPBHDIX K.TCTOR, a TaK- 
Ke HeDBHbIe KJCTKH C YYBCTBNTCDHDIME OKOHYAHHAMH 
(peentopamMu) pa3Horo powa H C HCMOSIHTC.IbHLIMH KJICT- 
kamu (2cpexropamu). Takum o6pa3oM, COCTaBNDIMH "acts 


MH HI npocTe HUH MH JIEMCHTAMH HCpBHOH ACICMbI ABTHIOT- 
CH: YY BCTBHTCJIbHbIC OKOUYAHHA — PellenTopbl (OCAZSaATCJIBHBIC 
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HH TaKTHJIbHbIe, OosleBble, XMMHYeCKHe, CReETOBLIC HT. I.), 
PaCNOvIOKEHHbDIE KAaK Ha MOBEPXHOCTH Tela, Tak Hu RBOTH3H 
Hee, HePBHble K/I€TKH HW BOOKA — Helponbl, Mecta coeqHHe- 
HWM NePBHBIX BOsOKOH pa3H4HbIX KJIeTOK MexIy coool 
(CHHancb) MH HeEpBHBIe OKOHYAHUSA B KJI€TKAX MBI H Kees. 
Uve0 THMOB HelipoHOB OBODHO BeAUKO. B pa3Hbix 
YacTAX HEPBHOH CHCTeMBI mpeo6anaer TOT HAM MHOM Tun 
HeHPOHOB, HMEIOWIMX, OYeBH HO, HeEKOTOPylo cCheuHaH3allHio. 





Puc, 9.3. Pasaiuuite Bust CHHancos B HepSHOA CUcTeMe pblObl, 


Kaerku HepBHow TKaNH H UX BONOKHa oOpas3yior HeKoTo- 
PbIC CTPYKTYPbI, Pa3vIMYHMbIe Kak To ux o6oco61eHHOMy pac- 
HOJOKCHHIO, TAK H MO COBMeCTHOMY (YHKUHOHHPOBaHHW. Iru 
CTPYKTYPHble OOpas0BaHua upesBbualiHo MHoroo6pa3yb Hu 
BECbMa pa3JIHYHbl Y Pa3s/IHUHbIX KMBOTHBIX. Uem cnoxKHee Op- 
raHu3M, TeM Oovlee cOxKHYIO CTPYKTYPy NpeActaBlser cobok 
€rO HepBHasa CHCTeMa HM TeM pasHOOOpa3Hee peakWHu opra- 
HH3Ma Ha BHeUHHe BO3zeHCTBHA. 


Y THAPOWAHEIX NoOwHMOB, HallpHMep, HEPBHaA cucTeMa co- 
CTOHT H3 ABYX THNOB KJeTOK H MpeucraBaset cobot eC 2HHYIO 
PacceAHHy!O CeTb 6€3 OTEIbHDIX, BbIMeIMIOULNXCA CTPYKTYp. 
Y Kowbyarbrx uepseit HEPBHbIe KJI€CTKH OOPa3yloT CKOMIeHHA 
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B KaXKHOM CerMeHte TeJld, Ha3blBaeMble TaHrIMHMH, CBAH3dH- 
HBIMH B e@MHy10 Wenouky. OT Kaxkoro Panu OTXOMAT BO- 
nOKHa K MbIWmaM cBoero CerMeHTa Teula. B rovJIOBHOH 4acTH 
uMeetca G6oulee KpyNHOe CKOTVJICHHE KJIeTOK — HaJPlOTOUHDIA 
TaHIVinil, ABJIMIOWUMCA OpraHOM, KOOPAMHHPYIOM & KakoH- 
TO Mepe paGoTy Bcel CHCTEMBI B ILeJI0M. 


Bee 103BOHOUHbIC HMeIOT IIPHMepHO Takyto we oOOMLyIO Cxe- 
My CTPOCHHA HePpBHOH CHCTEMBI. Ona pacnamaetca Ha cer- 
MCHTbI, CBAZAHHbIe B eMHHOe Weloe NO MpOSOJIbHOH OCH Tea 
*CHBOTHOFO H HMelOULHe Ha TOJIOBHOM KOHIC Hau6oulee COWIUP- 
HOe CKONJICHHe KJe€TOK — FoJIOBHOH MOSr. HaunHasd OT KOCTH- 
cTbIX pblIO H KOHYAA YC.1O- 
BeXOM, Y BCeX NO3BOHOU- 
HbIX  HepBHaa cCueTeMa 
uMeer OJHH WH Te Ke CO- 
ctapuble uacru. IlpanAa, 
9TH YACTH y PpaBHbIX MKH- 
BOTHbIX BbINMGINSIOr He CO- 
BceM O/MMNAaKOBbie (yHK- 
WHY. 

Cpeau oprayop  Tedda 
*KMBOTHOTO HepBiad CH 
cTeMa 3aHuMaer oco6oe 
MecTo. TO1bKO HcCpBHad 
cucreMa B CBOCH WeH- 
TpabHOH WacTH WeAHKOM 
Puc. 9.4. Heppyad cucreMa MCAY3bI. SAIURULeHa CITOLMAbIM KO- 

CTHDIM Y4exioM = (uepell, 
MO3BOHOUHHK). Tipu rowolaHun oprany3Ma epBuble TKANH 
B TIOCACHHIOIO OUCPeAb HauNHAaIOT TePpATb B BCeY. iec10 06- 
CTOHT Tak, 6yHTO HepBHaA CcHCcTeMa 6onubule ApyrHx opranoB 
o6eperaeTcaA OT BPeTHBIX BANSHHE. HecomMuciiis, aro NOBpe- 
*KeHHe HEPBUOH CHCTEMBI HaHOCHT OOM_IUH Be OpraHu3My 
B UeOM, YM MOBPeKeHHe MHOFHX Apyrux Opralion. 

Hepspuaa CHCTeMa MJeKOMHTAIONIHX menutcad wa Ba pa3- 
nega: HH3UINH WH BbICIIHH. VUunorna nepabit Ha3biBaloT aBTO- 
HOMHOM WH BereTaTHBHOu cucTreMol, MosuepKNBax TOT Past, 
uTO STOT Ppa3He HEPBHOH CHCTCMBI o6ecneunBacT COoriacoBaH- 
Hylo paOoTy BHYTPCHHHX OpraHoB S*KUBOTHOTO, PadoTalolllux 
He3aBHCHMO OT CO3HaHUA. OAHaKO 9TA HE3ABHCHMOCTD BeChMa 
OTHOCHT@/IbHa, TAK Kak HUSH pasze TeCHO CBASAH H cTpYK- 
TYpHO WH @YHKUHOHAIbHO C BBICITHM pa3sielOoM — WeHTp adib- 
HOH HepBHOH CHCTeMOH. AproHOoMHasd HepBHad CHCTeMa CO- 
CTOHT 43 CKOMNIeCHHH HCpBHBIX KJeTOK — Y3Jl0B HIM TaHrJIHeB, 
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PACHOJORKCHMIX B Pa3IHUHBEIX YACTAX Tela, Patom c ApyfuMu 
OpraHaMh, H ceTy BOJIOKOH, MPOHH3bIBaIOULHx BHYTPeHHHe 
‘Opralbl WM MpOHHKaroulHx, B WaCTHOCTH, B CIMHHOM mMosr. 
‘LleutTpaspnag H€PBHaA CHCTeMa cocToHrT 3 rOJOBHOrFO Mosra, 
CNHHHOTO MO38ra H cerTuH BOJIOKOH, HUAYULHX OT pelentopos 


K MO3ry H OT Hero xk sektopaM, Tak Ha3bipaemag lepH- 
epnueckan HepBuan CHCTeMa. 









: Hadenomoynyele 

if . CQHENULUL 
PPK Hepbyas 

aS CUCTEMNa 

i 

alg) 

ay | 

2 


Puc. 9.5. Heppuaa cuctema wepBa (/) H HaceKkomoro (2), 


CnHuHoH Mo3r npegcrasyiser Co6oH Kpyruiblit TsoK, nexKa- 
INHif BHYTPH TNO03BOHOUHUKa. B Pa3pe3e ACHO BHAHO cepoe 
BCINCCTBO, IpecTaBsaomee coboy CKOMJICHHeE HeHPOHOB 4H 
JICAKAUICC B CPeMHeH YacTH MO3ra B BHe OyKBp H. Buemnag 
"aCTb COCTOHT 43 Oeslcro BeulecTBa — HePBHBIX BOJIOKOH, Hy- 
WHX OTYUACTH B PagzHanbHoM HallpaBJICHHH, HO VIaBHBIM oOpa- 
JOM B NPOMOJIbBHOM, B BHAe Tak Ha3bIBaeMbIX cTO60B. Couy- 
HOW MO3r HMeerT NCPHOAMYCCKYIO CTpyKTypy. Ha YPOBHe Kax- 
AOPO MO3BOHKAa B HeEFO BxXONAT HEpBpl, Bcero 31 napa. Hepssi 
TOAXOAAT CHMMe€TPHYHO cipapa x CI€Ba, TIPHYCM C3aNH BxO- 
AVIT 3aNHHe KOpeliKH HepBos nepuepnyeckoh uyscreurenb- 
HOCTH (B 3ayqnHe pora—- OTPOCTKH Ce€poro BellecTBa), a cne- 
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Puc, 9.6, Pasautue mMosra pildpt (/), tuepHubl (2), KpoduKa (3) 
WH yeaoBeKka (4). 
peHH BbIXOAAT NepeAHHe KOPeLIKH — ABHTaTedbHbie (H3 Me- 
peaHux poros). Ilepeanne H 3a4HHe KOPCUIKM CJIHMBaloTca 
B OOWHE Y3uibl, OT KOTOPbIX HAYT K nepH@epunH HepBhbl, HMelO- 
live B CBOCM CocTaBe HW YYBCTBUTCIbHbIc WH ABHTAaTeJIbHbIe BO- 
JOKHA. 





. mye GY 
Puc. 9.7. Jloduwe go.1u roosHoro Mo3ra KoulKH (/), “emypa (2), 
Makakh (3) H 4enoBeKa (4). 


B nepeauelh wacTH cNuHHOH Moar TepexodHT B_ MpOtO-T 
ropaTai MO3r, MpesccTasAIoulHH Cobo YaCcTb TO/MOBHOTY 
MO3ra. 


ConoBHolt Mo3r COCTOUT H3 MposOMArOBaTOrO MOsra, ABJIAIO- 
lerocd HeMOCPeACTBeHHBIM MpOAO/DKEHHEM CIMHHOTO, Cpea- 
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Hero MO3fa CO 3pUTeIbHBIM 6yrpom, MPpOMe€KYTOUHOrO Mosra 
H mepeqvero Mo3sra. TonosHoi Mosr B LeloM TIpeACTaBIAeT 
OY€Hb CMOKHOe OOpazoBanHue, H300H1ylolulee CKONMeHHAMH 
K/I€TOK, BKPaMVI€HHbIX B BHZe AZep B G6evloc BeUleCTBO, H Iy4- 
KOB BOJIOKOH, MPOXOAAWMX B TO.Me 6eOro BeulectBa B pa3- 
AHYHBIX HaNpaBJeHHAX. B Hauly 3anayy He BxoguT NOApoOHo 
ONHChIBaTb CTPyYKTYpy Mosra. 

Hau6obliuM cxocTBoM CTpOeHHA H PYHKUMH y pasuuu- 
HBIX BHAOB KUBOTHBIX OOaqaloT Gosee apeBuue, NOABHBUIHe- 


—— 


Puc. 9.8. Cxema astonounoll He pB- 
HOH CHCTeMBI. 


C mpasoa er pon Tea NOKa3aHbr mapa- 
CHMHaTHecKHe HepB, Cc AeBoe — opTo- 
CHMMATHeECKHeE. OprocumnarHueckHe Hep- 
BbI OOPa3y1oT cnnetenng (raHraun) B6stu- 
SH O°3BOHOUHOTO cTONGa, napacumMnatuie- 
cKHe — po3vie TKaHeH Tex opranos, Ha 
KOTOpbIe OHH BOS ZeACTRYIOT. Opto- u na- 
PacHMNAaTHYeCKHe HepB O6HTHO OK a3bI- 
BaloT MPOTHBONOOMKHOe BO3AeficTBue Ha 
BHY!PCHHHE OpPraHbl: ecu OHH CTHMY< 
JIHPYIOT, TO Lpyrue tropmo3at DYHKIWLHIO 
(HH Hio6opoT)., Oxonuganna oprocumna- 
THYCCKHX BOJOKOH BbIMeCIAIOT XHMH4eCKoe 
BellecTBo (Hefporymop)— CHMMaTHH, OKOH- 
NaHHA = =MapacHMnaTdueckHx BoaOKOH — 
aueTHAXOAHH. 


——_- ee 





CA panee B polecce 3BOONHH 4acTHy 
MPHMBIKaloT K CIMHHOMY MOSry: MpoXouropaTb, 3anuuh, 
cpeqHHH WH mpoMexytouHnit. Bee ong CXOQHbI Y pa3JIM4HbIXx 
BHAOB QKHBOTHBIX, H QYHKUHH UX Gonee WH MeHee OMHa- 
KOBBI, 


IBOJIOMHOHHO HaH6ouee MOJ0Naa YacTh Mo3ra — nepen- 
HHH WIM KOHeUHBI Mo3r— y B OCOOeHHOCTH YactTb ero, Ha- 
SPIBACMAA MlalleM, TO pasMepaM H CTPOCHHIO pe3KO pa3vIn- 
1aeTCA Y Pa3IMYHbIX MKUBOTHBIX. Dra yacty MO3ra oOOpasyer 
Tak Ha3bIBaeMble 6ouIbluIHeE movyuapua. Y yenopexa Mouly- 
WapHA 3aHMMaWT OdsbUlyIO YacTD wepema HW COMepxKatT OKOVIO 
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HOsIOBHIbE BCeX HePBHbIX KJICTOK (uz OOMkero YCAa OKOO 
10'°). Tlomywapiua HMCIOT XapakTCPHOe CTPOCHHE, OT-THYHOS 
OT HWKee@KauHX ywacTeli. Tesla HepBHDIX K-ICTOR owiy WapHi 
cocpeLoTOUCHbI B TONKOM HOBeEPXHOCTHOM c.ioe MO3rOoBOrO 
BelecTBa Cceporo WBeTa, Ha3biBacCMOM KO- 
poll (To 2%xe “uMeeT MecTO B MO32KeUKEe) . 
[lopepxuoctTh KOpbl 60.1bIMHX HoJyWlapHH 
uenoreKa jloctHraer 3/4 KBadpaTHoro MeT™ 
pa sclegcraue TOrO, UTO Ola pacno.to- 
*KeHa B BILe CKagOK, cOpasyloulix H3- 
BUdHbI (BbICTYMbI) H Oopos bl (Briaj\H- 
Hpbi). Tox KopoH HaxoAUTcs 6enoe Becllie- 
crBO, COCTORIMee 3 HePBHbIX BOOKOH. 
Pa3Mepbl H cTpoeHue OOTbIINX NowJyWa- 
pul, B CCOOCHHOCTH NOOHbIX BOleH, JIe@7K aT 
3 ocHOBe MiuorooOpasusa HW  CeTOMHOCTH 
BDICIINX HeDBHBIX PeakKUHH AUBOTHOTO. 


BEE 






RSS Ee 


preter 
hy 


SS 


SN 





Sa WAS 2 





q) 


Ae 


Puc, 9.90. Crounuod Mo3r YesoBena, 


a) BUA cnepe An; 6) nia c3aau; &}) paspes ({/ — nepe auntt, MRHPAaTebHbIA KOPeIHOK, 
? — cHHHHOMO3rUBOIL HepB, 3 — MCGKMOSBCHOUWHDIT ysea, 4— gannui, dYBCTBUTC.1bHbIA 
KapPeIoK, 4 — cepoe pereerBo, 6 — Hesse REINCCTBO). 


Tlopepxuocth TOONLIX noselt cocTaBsiaer y KOUKH 3% oben 
nopepXHocTH Moara, ¥ cooakn 7%, Y WHMMaH3sc 16%, y ue- 
nopeka 29%. 

Hepsubie BOOKA, H3 KOTOPBIX COCTOH) Oeoe BeLecTBO, 
cocAMiTMioT MexKAY COOOH pasTHUHble yWacTh KOPbI, a TAK2KC 
KOPY C MOAKOPKOBDIMH spam. Oco6enHo OOHJIbHbI CBH3M 
C APYrHMH yuacTKaMu y AOOHbIX Model. OOblyHO Pa3/IHValoT 
CeLyIOWNe THT cussell: accOlMaTHBUble BOTOKHa, COCA: 
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HSHOULHe pasvlH4HbIe O6sacry OMHOrO HU toro x*Ke NOJTWWIAap uit: 
KOMHCCYPaJIbHble BOJIOKHAa, CBASHIBAIOUHe MexK Ty cobolt yua- 
CTKH ABYX Pa3JIMYHbIX nOyulapult: NPOCKILHOHHbI€ BOWOKHAa, 
CBASbIBAIOUIHE YYACTKH KODBI Cc NOAKOPKOBBIMH SIpaMu 4 
HH KECK ANLHMH OTIeIAaMH H€PBHOH CHCTeMBI. 

Kopa nosyurapult He IpeAcTaBAdeT coOok oMopogzHoro 
oOpa30BaHuag. Muxpockonuyeckue CPpe3bl KOPBI OOHapyxKu- 
BaloT XapaKTepHoe cwlouctoe crpoenHe. B pasnmunpix caoax 


<) 





Puc. 9.10. Orneau TOAOBHNOTO MO3ra YeaoBeKa. 


/ — upomemxyrounnitt Mo3r, 2—cpennnit mosr, 3 — NPOAOMFOBATHY MoO3r, 
4—MO3eYOK, 5 — NepeAHHH Mosr. 


oOHapyxKuBaloTca PasJHYHBI€ THIbI KICTOK H BOOKOH. Oco- 
OeHHO HHTepecHno TO, ITO B pa3vIMYAbIX yYacTKax KODbI MHKDO- 
CKOMHYECKOE CTPoeHHe OKa3bIBaeTes Pa3JIH4HbIM. M3 Bocpmu 
XAPaKTEDHBIX c.10eB H€KOTOPbIe MoryT OTCYTCTBOBAaTh, ObITb 
ca60 WIM CHIbHO PasBHTBIMH. B coorsercrsuu c oco6eHHo- 
CTAMH K.ICTOUHOTO CTPOeHHA BCIO KOpy Mest Ha Il wuro- 
aPXHTCKTOHHYECKHX ObsacTelt H 52 mous. Tio Mepe u3yyenua 
KOPBI YHCJIO HSBECTHBIX r0Tef} TOCTENCHHO YBeJIIYABaeTCsH, Tak 
Kak BHYTPH, Ka3aocb 6p, OAHOPOAHBIX CTPYKTYP mpu ze- 
TaJIbHOM CCIE 1OBaHHH OOHaPyXUBAaIOTCA HOBEIEe. 
[futoapxutexronuyeckag Ho M¥9370apXHTeKTOHHUeCKag 
CTPYKTYPbI Mosra, T. e. CTPYKTYPbI KJI€TOUHBIX CKoNeHHE 4 
PacCNONOKeHHA TMyUKOB BOTOKOH, H3YYeHbI NOBOJIBHO nompo6- 
HO. H3yyenue nepsuerx CTPYKTYP MPOH3BOAHTCA NapasierbHyo 
H B CBA3H C H3y4CHHeM pyukuu. WU xorg H3yyeHHe MO3ra 
Cme UpPe3sBblyaHHoO ManeKo oT SaBepueHHa, yxKe B HacTog- 
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BeKa. 
Puc. 9.11. Mocaodinoe cTpoeune KOptl romoBHoro Mo3ra Yeo 


~-— HE B >; . KH, fe IGHE ble 1 Me a ’ 
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Tee BP€MA H3BECTHEI HHTepecupre CBCNCHHA, MO3BOUIAIOULHe 
yTBEpKaTb, YTO MexAY paGotok Mosra H ero cTpyKTypoit 
HMCCTCA ONpeweleHHad CBA3b. My3yoory Ha3bIBaloT cono- 
CTABJICHHe paOOTbl Mo3ra Hu ero CTPYKTYPbI «OKaqH3anHel 
@yHkunt». Bonpoc o “TOKAIH3alHH PYHKIHH>, T.e. 3aBuCH- 
MOCTh @YHKUHH OT pa6orTbi ONPCNeMCHHbIX YYaCTKOB Mos3ra 
HMeCT MJIHHHYIO HM Ooratyto ucropmi. Jlna nac OH HHTepecey 
Npe*KHe BcerO TEM, UuTO nNO-Xxo, K pa6ore mosra c tTouKky 
SPCHHA CBASH CTPYKTYDbI HM *yHKILHH, NOAXOR Oovlee 4eM 3Ha- 
KOMBIM. KOHCTPYKTOPaM BBIMHCANTeABHBIX YCTPOHCTB, MO3BO0- 
‘ 









tae ee test me 
wate ne eas eT EN 





Puc. 9.12. Unroapxutektonuyeckie NOTA KOpbl OOMDIUHX Nowywapnii 
TOAOBHOrO MO3ra YenOBeKa (yuacTKH KOpbl, OTANYAalOUMeECA Apyr 
OT Apyra kaerouwHyM CT poeHtiem), 


IA€T H€TKO CONOCTABHTh ocobeHHocTH *KHBOH WH He KHBOL 
MallHH, NPOBeCTH Me@*KAY HUMH NapavieJIH, a T1aBHoe, onpe- 
ACIMTb, THE KOHYAeTCA CXOACTBO, re HauHHaeTCA pa3vimune 
MEX TY HHMH H B YeM Ke cocToUT 9T0 Pasntne. B yactuo- 
CTH, BECbMa HHTepeceH Bompoc o TOM, CYULECTBYIOT WH TaKnHe 
PYHKUHH 2%xHBOrO OPraHH3Ma, Ist KOTOPBIX He HMeeTcsH co- 
OTBCTCTBYIOLWAX PU3HKO-XUMHYECKHX, u3no70rHyecKkHxX Ipo- 
HECCOB, MpPOTeKaIollMx B mpenenax OMpeMeeHHbIX Opraunue- 
CKHX CTPykTyp. Becb onbit u3yyennsa ACATCbHOCTH HepBHok 
CHCTEMbI TOBOPHT OAHO3HAYHO O TOM, Y¥TO OTBCT Ha Nocweguuy 
BONpOcC OTPHUaTenen. 


Padota mosra 


IIpexae uem craBurp BOMPOC O XapakTepe pa6orp mosra, 
CELYeT MOCMOTPeTb, KaKHMH MeTOZaMH H3yuaorcsa cTpyK- 
Typa w @yHKunH Mosra. Taxux Meronop H€CKOJIbKO. TIpexne 
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Bcero 3TO MHKpOCcKONHA. Tkanb MepTBOroO MOsTa paspe3sactca 
Ha OWeHb TOHKHe clo (cpesbi), KOTOPbIc 1lOWBepraloTca 
okpacke pa3JHYHbIMH KpacHTe1AMH, H360UPaTC.bHO OKpalln- 
BAIOULUMH JHOO KseTOUHbIe Teta, ju60 BO.tOKHa, 1H60 TIpo- 
MCXAKYTOUUNYIO TKaNb HT. A. [luToapxuTCKTOHMKa MO3ra YyCTa- 
HOBJCHAa HMCHHO TakMM ciocoOoM. OnmHako Ha cpe3se MOAKHO 
MPOCCHUTb HCPBHOe BO-IOKHO JMIb 11a OUCH KODOTKOM y4a- 
CTKe; YCTANOBHTb 2Ke Tororpaito BIaHMOCBABCH B GesIOM Be- 
ulecTBe MOsra He = TpeACTABAACTCH BO3MOMKIHbDIM, TOTOMY 
UTO HVYKH BOOKOH TANYTCH MoAWac Ha HeCKOJbKO CaHTHAMCT- 
pos. Jhia sro We MO-Tb3sylorey MCTOLOM Tepepe3KH BO.TO- 
KOH (Ha “KHBbIX YKHBOTHDIX). 

He6opiucl yuacrok G6eoro BeluccTBa pacceKaetca Ha 
ONCpaluOHHOM CTO.1C H 3aTCM ONePUPOBAHOe AHBOTHOE CO- 
XPAHSIOT XKUBLIM B TCHCHHE HECKOVIbKE mueh. HepBuple BOo- 
jloKHa, OTMeMenHbIe HOXKOM xXupypra OT HCHPOHOB, Tepepork- 
nmarotes H rHOnYT (mo;BepraloTcs HeKposy). Ecau nocae 3Toro 
paccMaTPpHBaTb MOA MUKPOCKOTOM OKpyKalolune TKaM TIpH 
COOTBCTCTBYIOUeH oKpacke, To Mepepcesahyle, nmepepoaHnB- 
HCC BOMOKHA OKA3ZbIBAIOTCH SICHO BMAIBIME. TlaHHHGH Ce- 
pucH TaKHX OMNbITOB MOKIO NeTaIbHO TipocIecAUTb HepBHbIe 
CBI3H B OCJIOM BeHLeCTBC. 

TpyoeMKocTh HW TpyHOCTb 39TOH padoTh! OUCBHANBI. Ec.n 
Ont coe TEXHIUCeKOC YCTPOHCTRO, HWaiupuMep TC1eBH3HOl- 
Hb UCHTp, YMCHbDIUHTD ZO PasMepos cHuucuHOH KOpOOKK, 
3aTh B Mapad@ul nH 3aTeM HoytaTh NOA MHKPOCKONOM Ha 
TONKHX Cpe3ax, BPA IM Obl Mbi MOT-TH PDACCUHTHIBATh Ha CKO- 
pbili ycneX B H3yHCHHA CXCMDI H pa6oTh HeusBecTHOrO HaM 
yeTpolictpa. Mpt nad.04a-1H Obl B PaSJIHUHDIX cpe3ax TO HH 
“noe Ko.IMuecTBO 2eTaIcH, MpoBowa, HAYHIMC B PasJIHIHbIX 
HalpaBJeHHAX, NO OT TUX cBeneHHH 40 CXCMbI B TOM HOHH- 
MaNHH, KOTOpOe H3BCCTHO PaTHOTCXHMKAM, Opio Opt ele 
ouenp maseKxo. IIpumMepno Tak *”Ae oOcTronT Weo WH Cc M3yye- 
HHEM MO3ra, C.lO2%KNOCTh CTpOeHHA  KOTOPOTO HeECPpaBHeHHO 
BbILIC, UCM C.IOACHOCTb moot cyulecTBYIOLICH CeromHA PpaHO- 
CXCMBI. 

K cuactbio, B pacnopaAAKeHHH (usnooroB HMeloTCA H 
mpyrue MeToNb u3yueuHA Mosra, CHIC B YKHBOM HOPM@a-IbHOM 
(PYHKUMOHMPYIOULeM COCTOAHHH, 

Ecu wa oepamHOuHOM cToOe NO” HapKkoOsoM BCKPbITb 
YCpen %XUROTHOFO HW CHATH MOSTOBBIC OOON0UKH, TO MOKHO 
HCMOCPeACTBCHHO BOSACHCTBOBATb Ha MOBCPXHOCTb Mos3ra, 
pasapakan ec MeXaHAyeckuM, XMMHUCCKUM HJIH 3JICKTPHYe- 
cxum cnocoé6om. MovkHO NO1yunTh HocTyl WK BHVTPeHHHM 
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HaCTAM MO3ra, BBOAA TOHKHE H30/1NpoBaHHple SACKTPObI 
B TOJIMY MO3ra H pa3ipaxkKaa TKaHb Mosra SJIEKTPHYeCKH 
Mosropaa TKaHb He OO/aaeT YYBCTBUTeJbUOCTLIO HH rak- 
THJIbHOH, HH OoweBoH, Tak Kak B TKAHH Mo3ra He uMeeTca 
COOTBCTCTBYIOMNIHX pelentopoB. TlogonpitHoe *HBOTHOe HAH 





( © ‘ 
Puc. 9.13. JLuarpamma Mentbuabaa — npecraBuTesbcTBO ABUraTeJbHbIXx 
PyHKuHH Tea B lepequeii WeHTPaJIbHOH H3BUAHHE KOpbl rowoBHOrO 
MO3ra YedoBeka. (DYHKUHH CHMBOJHYeCKH JA HaraamuNocrHu U300pa KeHbI 


B Ble "acTeH Tea YesoBeKa.) 
/—nanbybl HOrH, 2— mogbOKKa, 3 — KO.1eHO, 4-—~ 6enpo, 5 — Ty.10BHile, 6 — mareyo, 


7 — TOKOTL, 8 — 3amacTLe, 9 — KHCTb, 10 —mu3uHHeH, // — 6e3bIMABHBIT nayeu, /2— 
cpeAnnh mane, J? ~ yKa3arenbubiit nasied, 14 — 6onpmott namen, 15 — wes, 1/6 — 6pose, 
!7 — peko 1 raa3Hoe s6.10K0, 18 — wHto, 19 — ryop, 20 — uenwocth, 21 — 2b, 


22 —— raorka. 


HCOBCK, NOABCPrawllHeca TAKOMY BO3eHCTBHIO, MOryT ObITb 
B TIOJIHOM CO3HAHHH, 6€3 BO3ACHCTBHA HapKO3a H He HCMHbITHI- 
BaTb CTpawaHHH MPH YMepcHHOM pa3apaxKenHn MO3ro~BbIx 
TkaHeH. TakKHM 06pa30M, MpOu3BOAH pasipakeHua u Ha6wu0- 
Had peakWHio WIM Y3HaBas CYObeEKTHBHbIe OULYUIeHHA ma- 
WUHeHTa, MOXKHO MHOroe y3HaTb O PadoTe HepBHOH cncTeMbl. 
UNTO Ke H3BECTHO H3 pe3y/IbTaTOB MOAC6HOrO porta Heewe- 

QOBaHUH? 
295 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Ec pa3ipaxkaTb 3/leKTpHYCCKHM TOKOM MO3TOBY!O H3BH- 
wHHy, Jle@Kalllyio BilepexH OT Tak Ha3bIBAaeMOll po.TaHOBON 
OoposAbl, TO Bcerda NpH pa3jlpaxkeHHn ONHOH H TOH 7Ke TOUKH 
Oyler NPOHCXOAUTb OAHO H TO *E HEMPOH3BO.IbHOe aBTOMa- 
ruueckoe COKpallleHue onpeneseHHOH Fpynnbl MbInan Ha 1Ipo- 
rHBonOOxHOH cTopoHe Teta. [lepexoaa oT ONHOM TOUKI I0- 
BepXHOCTH MO3ra K mpyrol, Mb! OyweM, TakHM 06pa30m, 
NOOUePeMHO «BKHOYATb» MDBUNUbE HOT, CIHHbI, PyKH, JHiWa H 
t. 1. MoxHo MOCTpOHTb oTOOpakenue MDILITIL Tela Ha MOBepX- 
HOCTh H3BUIWHbI, COXpaHad HaOvlotalouteeca COOTBETCTBHC. 
Tora MbI NO.1TyYYHM WpoeKkIH1O MbIILTL CKesICTHOH MYCKYJaTY- 
phl Ha repeHIOI0 H3BUJIUHY — <MOTOPHY!0 30HY> KOPBI. Or 
HCDBHbIX KJI€TOK MOTOPHOH 30HbI (TAK Ha3blBaCMEIXx «OO.Ib- 
IHX MH PaMu» HIM KTeTOK Beriya) OTXOAAT HEPBHbIe BOOK™ 
Ha, OOpa3yioule OObUIOH NYYOK (nupaMH Abi NYTb)« -BO- 
NOKHa MHPAMHANOFO NYTH MPOXOAAT UCpes Da3IMUHbIe OTACJIDI 
MO3ra, WaCTHYHO NepekpelHBaloTcA Ha rpannie mpoWo.ro- 
RaToro H CHHHHOTO MO3ra (MepexowAT C npapolt cTOpoHnl Teta 
Ha JeBylo H HaoOopoT) H BXOAAT B NHC1O HPOBOAAUINX myTeHn 
cnunuoro Mosra. B mpemesax ceporo BculecTBd CHHHHOTO 
Mo3ra BOTOKHa MHpaMHabyHoro MYTH o6pasylor coe-{HUcHIA 
(cuHamcbl) c KjeTKaMA Cceporo BCULECTBA, COCTHHANCL Yepces 
HHX Cc a@(PCKTOPHDIMH OKONYAHHAMH Ha CKEIETHDIX MDbIIMMAaX. 


Ecau pas3ipaxkaTb TOKOM 3aHIOl0 HU3BUJIHHY, e2K aylyto 
no3alni pomanfesoll GoposAM, MallcHT 6yheT OLLyWIaTb Tpit 
KocHoBeHue ((bakTHYecKH orcyTcTBYIONLce) B PasJIHYHDIX yia- 
cTKax Kowu. H cHuora KaxKROH TOUKE TOBeEPXHOCTH Mo3ra 
OHO3HAUNO COOTRETCTBYeT YYACTOK KOH, OF KOTODOTO MOK- 
HO TIPOCMEAUTh MPOCKUMOHHBIC UYBCTBUTCJIbUBIe CBASH B KODE. 
B samuel H3BHJIHHe MbI HMeeM UYBCTBHTCJIbHYlO HAW «CCH 
30PHYlO» 301y KOXKHOH UWYBCTBUTeIBHOCTH. 


Tlono61bim o6pa30M MOXKHO XOTH Obl oTUACTH «pacNVvTAaTb» 
CXCMY HCDBHBIX B3AHMONCHCTBHH B Tele *KHBOTHOPO. Mcxyc- 
CTBCHHO pa3apaxkast yuacToK Mo3ra, Mbl mMoyuaeM He TOMbKO 
BHAHMYIO peakILHi0, HO H cyObeKTHBHOe OMLYUICHHe. VIpu 9ToM 
MbI Kak Obl OOXGIUM HOPMaJIbuble NYTH Mpoxo*KWeCHHA CHT- 
Haga HepBHOTO BO3OyARReCHHA H MOMACM CFO rie-TO nmocpeHHhe 
nytH. CurdaIbHbt xapakTep MpPOmWeccos B Mosre BHAeH TP 
9TOM BeECbMa Pe.IbeHo. 

Onvitbl ¢ pasaparxkeHweM KOPbI NO3BOTAIOT OOHAPVKUBaTb 
yeTofuneple CTPYKTYPb!, HecyILuye HCKOTOPbIe ONPeCeHHbIC 
dyukunu. Tlomo6no TOMY, KaK B cermMeHTe CHHHHOoTO MoO3Tra 
MOXKHO NPOCICLHTb AYTy mpoctefiiero Ge3sycOBHOTO pedieK- 
ca oT KOXKHOTO peucnTopa K 3aHHM KopellkaM Hi poran 


296 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


CHHHHOTO MOara, 4Yepe3s cepoe BelllecTBO K Nepe€QHHM poraM 
H KOpellkaM H faslee 20 MBIWeUHEIX aPekTopoB, MoxHO 
YCTAHOBHTb Take H GOovlee COKE 7 Pa3BeTBJICHHbIe CBA3H. 

CyulecTByioT cBa3H MEXTY Pa3JIMYHbIMH CEPMeHTaMH CHHH- 
HOro Mosra; Olaroqapa STHM CBA3aM B PeaKkUHtO BKOUaIOTCA 
OoIbUIHe TpynMbl pasmHyHBIX MBI. Cymecrsyior no6ounpe 





PHC. 9.4 Jluarpamaa Meu puabga — npeactasureagcrao 4UYBCTSHTeIb- 
HoIX DYHKUMA Teqa B s3aqued UeHTPatbHOH H3BHAUHE KOpbI romoBHoro 
MO3ra YeqoBeKa. 


! — Buytpennue Opranbt, 2—raorka, §—~ A3bIK, 4 H 5—uenocry, 6— HHMHAA ry6a, 
7 — Bepxuaa ry6a, 8 —~ mexa, 9 — Hoc, /0—raa3, tf] — Gonbuok nanen, {2—yka3aTenb- 
HBIA naneu, 13 — cpeanntt nase, 14 — 6e3pimManHnit narel, £5 —Mu3nnel, s6 — KHCTb, 
17 — 3anactTbe, 18 — ipeaniedpe, 19 — zoxotTh, 20 — meio, 24 — nonatka, 22 — romosa, 
23 — wean, 24 — TYTOBHIne, 25 — Genpo, 26 — rO.1eHb, 27 — cTrynun, 28 — MaJIbIL br, 
29 — nononnie OpraHpl. 


CBASH C TaHrvIMAMH CHMNaTHYeCKOH HePBHOM CHCTeMBI, pac- 
ROJOKCHHBIMH BHE MO3BOHOUHOrO cTO16a, BLO Hero no cTo- 
POHaM. OTH CBA3H OKa3bIBalOT BOSMeHCTBHe Ha peryMpOBKH 
BHYTPCHHHX OpraHoB, BKWO"“ad ux B paOory mpuH unreycup- 
HBIX peaklMAXx. Cynyectsyior, HaKOHeL, MHOTOUNCIeHHbIe cRaq- 
‘HC TOOBHBIM MO3FOM HO BocxonAULHM MH HHCXO.AUINN 
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HEPBHBIM MYTAM CIMHHOFO Mo3ra. OTH CBA3H, BO-MePpBBIA, 
Naor BOSMOKHOCTb OCYULCCTBIIATH, KpoMe 4HCTO aBTOMAaTH- 
YECKHX PC EKTOPHbIX WBHIKCHHH, ABHOKCHHS CO3HATCIDHDIC, 
CYObCKTHBHO ONPCACJIICMBIE BOCH H OObCKTHBHO HCKOTAULHC 
H3 KOPbI ro-loBHOrO = Mosra 4 HAyuiNe NO NUpaMiaJibHbM 
nyTAM wepes cCHHHHOn Moar K 9@dpekTopaM. ITH CBA3H, BO- 
BTOPIX, peryupyloT mpoTcKariite NpocTedimHx  pedIeKCos, 
ZaCpRKUBANT HX WIH BKATONAD. limeHno mogTOMY aKkT XObObI 
MPOXOAHT YacTO HC3AMCTHO Alls COBHAaHHs, ABTOMATHUCCKH, 





Pic, 0.15. Koka, WoABe praiollatest HENOCPE LCT BEHHOMY BO3 {Le HC T BITIO 
gaeKTpHyeckoro TOKA Ha HCpBHble KAeTKH rodoBHNOro MO3ra 
uepe3 BBCLeHHbIe B MOST 31K TPOAL. 


a) JO BKJOUCHHA TOKA, 6 uve) nocae BKIONCHHA TOKA, 2) cnoco6 Kpewlennn g.1EKTPO- 
1OB Ha vepere. DQaekt pos lol BRC ICH BOOT UOAOYPOPbA (uo A. 5b. Koray). 


HIH pe@leKTOpHo. Co3uatesblio XOXb6a Mower peryltpo- 
BATLC AHUIb «<B OOMIeEM», a B AeTadtAr HpotekaeT abtoMa- 
THUCCKH. 

Pa36upaa gjleMeHTapHBI akT Wepesaun CHPHada MO le pB- 
HOMY BOJOKHY, Mbl y2xKe FOBOPHIH 0 TOM, 4TO HCpBHOe BO3- 
OyxKteHHe, MpeWcTaB.1AIOUIce co6oH (bu3sHoO.TOTHYeCKHH Mpo- 
"ecc, HMCIOWNH  97CKTPOXRMHYCCKYIO mpupory, wporeKkact 
B HEPBHOM BO.IOKHe HepHOAMdeckH, pacnpocTpaHAAch NO Hep- 
By CO CKOpOCTbIO OT 2 no 160 mMerpos B cekyliay H NOBTOPAACh 
c 6ouburell Hm MeHbIUeH uacToTOl B 3aBMCHMOCTH OT CHIH 
BOZ0yKTeHHA pelentTopa. 

Tlpoxowk qenne BO3sOyKMEHHA “Yepes HCPBHYTO KIeTKy MmOj- 
NMHACTCH ONpPeAe.1eHHbIM 3aKOHaM Hi 3AaBHCHT OT COCTOAHHA 
KIeETKH, KOTOPOe, B CBOIO OUCPCAb, onpesenseTca MHTAHHCM, 
pe Ab LyULen uctopHell KeTKH WM TWaWajouliMe ia Hee pas- 
npakennaMH. KaretKa Mog BIMSHHCM 9THX YCIOBAH MOACT 
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NPOBOAHTb WH He TIpPOBOAUTb HePBHBIM MMilyabe. Pan npu- 
XOMAWIHX CO CTOPOHbI pa3qpaxKeHu MoxerT MOBbICHTb €e HO- 
por Bo3s6yauMocTH 4H “3allepeTb» e€, KaK 3anupaetca Aaa 
MPOXOMKMCHHA CHTHaa BeHTHIb B CxeMe SNEKTPOHHOH wHd- 
PoBoH MalwuuHEl. Hexapom HeHPOH Tak J06aT mocnexnee 





Puc. 9.16. 3anuch STCKTPHYCCKHX MOTeHWMAIUB BHYTpeHHAX 
MO3lrd KOLIKH C NOMOULbIO BBC AJ@HHbIX B MO3Fr IEKT POOB, 
@) NOMONDITHAA Koka B COCTOAHHH NOKOS, 6) Kouka, npo6y KTeHHAN 30B0M »KHC—KuC%, 
8) cnocoé Kpennenusz SJIEKTPOAOB, 2) ocuuOrpaduyeckad 3anucb NOTe€HUHAaJa TOR 
Gyropba. OTmetKa COOTBETCTBYe€T MOMeHTY BOS6Y KAeHHA 30R0M »KHC—KuC “ 
(no A. B. Korany). 


yacTeu 


BPEMA CPaBHUBaTb C panuouamnow. K tomy xe pe3sy/IbTaTy 
MOryT TIPHBeCTH XHMMYeCKHE (TyMOpaJIbHBIe) BIMAHHA Ha 
KETKY YEPe3 OMBIBAIOWYIO €C€ MKUDKOCTH. 

Ifoka opraHu3M xxKHBeT, Ha BxO H€PBUOH CHCTeMbI Hempe- 
PbIBHO MOCTYMaioT Pas/IHUHble pasApaxenua, KOTOPbie pacmpo- 
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CTpaHAIOTCA MO HePBHbIM CTPYKTYpaM, BbISHIBAaIOT PCakIHN, 
KOTOpIe, B CBOIO ONepeb, AawT Hawa.lo HOBBIM CHYifalaM 
Hu T.n. B pesyabTaTe, HepBHad C€Tb MOCTOAHHO HaXOMUTCA 
B AKTHBHOM COCTOAHHH HW NpOBOANT Bo3s6y2KmeHHe. ITO CO- 
CTOAHMe AKTHBHOCTH He ucuesaeT Make BO BpeMA CHa Wu 
KOMAaTO3HOrO cocTOSHHA. TakHM oOpa30M, Ka2K0e BHEUIHee 
BozuclicTBue NaaeT He Ha OMKHWAOWNe CIO mpHxofa 6¢3- 
SKU3HCHHbIe pele, a Ha HelmpepbIBHO ABHAKYULYIOCH Mo caMo- 
CTOATeIbUO PaOoTaIOLly!loO CHCTeMY. Buewnue BO3eHcrBud 
BHOCIT U3MeHeHHA B yrKe CYIle- 
crBylollee THHaMHyedkoe (PyYHK- 
HMOHHPOBallve HEPBHOH CHCTEMBL. 
Uacro aTy WHHaMuKy Ha3blPaloT 
KCHOHTAHHOH»>, T. ©. CaMocTod- 
TeABIOM WeATCAbHOCTLIO HepB- 
Ho cueTeMbI. TepMHH 3TOT He- 
ylayeH, H60 3Ta MeATebHOCT 
TBTeTCA B KONeUHOM HTOre OT- 
8BYKOM BHEUIHHX BOR LENCTBHH, H, 
rakuM o6pa30M, OHa B HCKOTO- 
pom cMbICe pedjeKTopita. 
’ ra necrpad KapTuva Hempe- 
pbIsHOl paOoTbl MO3sTa MPONB- 
jiaeTcd B pasHooOpagnH KAaDTHH 
3/IEKTpHu4ecKOH AKTHBHOCTH. 
Q1ekTpoxHMHNVeCKHe  NMpOlecchl 
Puc. 9.17. Kpenaenne 31eKTpo- TpPOBe eH HEPBHEIX HMIMYJIbCOB 
nop Ha KOKe FOMOBLI YeAOBEKA BEIBZbIBAIOT NOABEHHE H3MCIAO- 
pi aaNet 9aeKTPHMECKI 30° yyrxeg SOKTPHVECKH NOTEILNA- 
JOB B OKPyKalowlyx TKAaHAX H 
MoryT O6bITb HaOsio1aeMbl U 
ganMcaHbl faxke C TOBePXHOCTH KOUKM  TOJOBDI riper 
OmMKHOM ycnieHuH. Takoro powa  saliiicit ~~ 3H Le @ a- 
qorpaMMbl— MOXOKH Ha 3allucH CAYYAHHEIX Ipoleccos, 
OMHAaKO B HHX MOXHO BbIACIMTb CHCTEMATHYCCKIC cOCcTAB.AI10- 
ulne, TaK Ha3bIBaeMble PHTMbI MOSFa. CucremaTuueckHe KO- 
neOaHHA MOTeHWMasa OTPaKaloT HeKOTOpPHIe TMCPHOANYCCBRHE 
Mpoweccbl, mpoTekatoulMe B MOSrE. MoxHo kK.laccHUUApo- 
BaTb XAPpaKTepHble KOMeOaTeIbHbIe MPOWCCCH! MO UX UwacToTe. 
Ynaereas YAOBHTb KOvIeOaHHa C YacTOTAaMH MOpAAKa a= 
10 repu, (Kaabia-pHTM>), {8—32 repua («6eTa-pATM»), 30— 
55 rep («raMMa-puTM»), 1—6 repul («\eIbTa-PHTM>»). 
TlepHoa M aMMIHTya CHCTEMATHYCCKHS COCTABJIAIOUAX H 
XapakTep HemepHOAHyecKHX HpOweccoB CHIbHO MeHAIOTCA 
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B 3aBHCHMOCTH OT Too, ¢ KaKOH YacTH Yeperta cuiiMacteg 
NOTCHHWHa/l H B K&KOM COCTOAHHH HaxOHTcaA NOJOMbITHDIA. 
IIpu S3aCbINAHHH TWaluuveHta aMIVIdTy 1a MeCJVICHHBIX [e@JIbTa- 
KOe6aHun YBCVIMYHBAeTCA, IPH OTKPbIBAHHH a3 — YMeHb- 
HiaeTcA WIH Hcye3aerT. CocTrosHua HOPMavJIBHOTO MH runHOoTH- 
T€CKOrO CHa WalwoT OTIMYHbIe APyr oT Apyra 3anucu. Hexorto- 
Pble MYWeBHbie OowesHy, HdNPHMep 9SIMHJICMCHA, BbI3bIBAaIOT 


{Cer 


hing [Ooerne 

Qa} OPA ann phar OAM Nn yee 
' BAL 1 50mKE 
' LCEK, 1 20mK8 


2} a MRM penn An pant 


a) a 00K 


7 aA a 


{CK 
-— 


Pic. 9.18. Ounepa gor paMMbr — OCHUAIOrpaduyeckan 3anuch 
SACKTPHYCCKHX NOTEHUMANOB C KOK POVOBbl. 


a) UeNOBeK, CyXOBOe Pa3 ApiAKeHHe BO CHe (OTMeYeHO CTpemkof), 6) Kowka, OTKppBa- 

HHe Tas (OTMeveHO CTpeaKon), 28) TeNOBeK, OTKPhiBaHvHe faz (OTMe4eHO cTpeakof), 

2) ve10BeK B GoRpoM cocToaRHHE, 0) 4e10BeK B COCTORHHH Jerko# RPCMOTH, @€) yestoBeK 
B COCTOAHHH ray6oKoro cna. 


XaPaKkTePHbIe H3MCHCHHA BUNA SHMedanorpaMMbl: B He T0- 
ABJISIOTCA <BbICOKOBOJIbTHBIC® MAK. 

B nocwenquee BpeMA NOABHVICA HOBBIT MeTOA HaOvlioqeHua 
9/IEKTPHYCCKUX NOTCHIMAIOB, CHAMAEMBIX C KOK romoBH. Ha 
POMOBe NauWeHTa B WaXMATHOM NopsyKe yxkpenuswr He- 
CKOJIbBKO OAMHAKOBBIX 9eKTponoB. Tlorenunan Kaxgoro 37eK- 
TpOAa MOTaeTCA Ha YCHJUTeIb H Ramee vepes KOMMYTAaTOp Ha 
BXOM SJICKTPOHHOTO ocunAMOrpada. CBerosoe naruo, oOpas3ye- 
Moe JYYOM OCU Oorpapa, nepemMemulaetca no 3KpaHy, Boc- 
MPpOU3BOAH TeOMeTPHYecKoe pacnomo*KeHHeE 3JIEKTPONOB, yKpe- 
MWICHHBIX Ha rovloBe Malueuta. SApkoctb natTeu Ha 9KpaHe 
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H38MeCHHeTCH HPH STOM B COOTBETCTBHH C HOTCHILHaJIa@MH, CHH- 
MaCMbIMH C COOTBETCTBYIOWUIMX TOUCK KO7KH. Ha 29kpane OCILHJI- 
jorpada mojyyacrca cBeTsiancd KapTHa pacnpeqeseHHuA 
3ICKTPHYCCKHX MOTCHUMAIOB Ha KOA TOVMOBBI, KOTOpad H3- 
MCIIAeTCa BO BPCMCHH B 34BHCHMOCTH OT COCTOAHHA mauveHtTa 
HM eFO TICHXHUCCKOH JCATeJIBHOCTH. 


[ute OHH MeTOA HCCICTOBAaHHA = MeATeJIBHOCTH Mo3Ta 
acrcd KMHHUCCKHMH HaOJIOeHHAMH Hat HePBHOOO.IbHHIMAH, 
a TakoKe 9KCNepHMeHTaMM Has %KHBOTHDIMH C YyAavleHHeM 
uacrett Mo3ra. JXHBOTHOe HM YeJIOBEK MOTYT CYHleCTBOBaTb IPH 

3HAUHTCIbHbBIX JIOBPe@xK- 
enrages VAAN Wl yl HAN? JICHMAX OTJl@IbHbIX 4a- 
aj “ *  erefi. mosra. I[pH 9ToM 
' wx moBezeHHWe 3aMeTHO 
OTKMOHACTCA OT HOPMBI. 
6) ana NR MY, Visyuce TaKHX OTKJO- 
ICHHH HW JIO3BOJIS€T BbI- 
SCHUTb POvgIb OT.1esTbHbIX 
B) anemrneraoorryrnypanr VAN yacTelt MO3ra, MoBpexK- 
Ne@HHDIX OOe3HbIO Wi 

omepalen. 
2) AN Ain yada inns At Eqn nepepe3atb 
————=  CIIHHHOH ~MO3r, TO MOJTHO- 
CTbIO Hapyllaerca uy3- 
Puc, 9.19. SunepatorpaMMbl pa3AHUHbIXx CTBHTeIbBHOCTb H MPOH3- 
MKUBOTHHIX. BOJIbBHbIe = ABHKCUH B 
a) mopexad ceimKa, 6) KomKa, @) O6€31AHA, TOH WacCTH Tela, KOTOpan 
Felco tret yupaBseTcH (iHHepBH- 
pyeTca) UWacTbIO CIIHH- 
Horo Mo3gra, OTIeICHHOH OT PouOBHOrO. OnHako B  OTIe- 
nennol Wacrn ocTarored mpoctehuHe ped sieKTOPHbIe ABHAKE- 
HU, TAK KAK HCPBHbIC MYTH pe*@MeKTOPHbIX Ayr Ne Hapyule- 
upt. Dosee Toro, NpocteriuMe pe@eKcbl OKa3blBaloTCH NOBbI- 
WCHHBDIMH. To 2#Ke caMoe HaOmowaeTcH He TObKO B TOM CJIY- 
qae, CCM NOAHOCTDIO Nepepce3aTb CHHHHOM MOST, HO WM MpH 
sA00CBAHUAX, HAPYWAaIOWNX B OobINeH WIM MeHbIUUeH CTe- 
NCHH IIPOBOAHMOCTbh JIMpaMHAHOrO MYTH, Bewlyulero, Kak Mbl 
y2xKC 31aCM, OT KOPbI GOMAbIIHX nowyuapulh K addpekTopaM H 
Hepealowmlero CHTHaIbl MPOH3BOJIbHbIX mBuxKkeHul. Ycusenne 
pe(PACKTOPUbIX ABIKeEHHH H MOAB.TEHHe HOPMa.IbHO HCBbIAB- 
NCHHBIX PeddleKCOB CAYKUT B MeMUMHCKOH MpakTHKe MPH- 
3HaKOM (CHMNTOMOM) 3a60JleBaHHst MMpaMHAHOrO 6 NYTH 
(claBAMBaHHe ONYXOJbIO H T.1.). OXHHM 3 TAaKHX CHMIMTO- 
MOB saRtstetTes cHwntom Ba6uuckoro. Ec.in mpopectTH TYIIbIM 
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HPCAMCTOM NO noJOWBe HOFH oT NATKH K ilaJlblLaM, TO B pe- 
3YMIBTATC IMPOHCXORHT HEMPOH3BO/IbHOe ThIIbHOe pa3srHOanne 
Oo/lbuIOrO TaJibua u PaCXOMMCHHE BEEPOM OCTAJIBHLIX TAK, 
Kak 3TO NIPOHCXOANT MpH xonb6e. Dro ABJICHHE IMPONCXOAUT 
TOJbBKO NpH HapyuleHHH ynpaBsleHua co CTOPOHbI KOppbI. Pe- 
(IEKChI NpOABIAIOTCH «“CAMOCTOATEJIBHO», 6€3 KOMAHbI BbI- 
UICEKAWLHX WCHTPOB, MH NOBeeHHe CTaHOBUTCA aBTOMaTUHU- 
HbIM. Tloqo6HbIx sBaeHHE MoxKHO HaOJOLaTb MHOrO. 


Puc. 9.20. Suneatorpamma c Pas IM4HbIX yuacTKOB 
yepelia OObHOrO SnHAeNCHe li, CHATAA BO Bpe MA MpH- 
HawKa, AINBIUeTOCA TpH CeKYyHALI. 


PaspylieHve mpoxoarosatoro mosra BeNeT K CMePTH >KH- 
BOTHOrO. HiccwenoBaHuA pa3aqpaxKennem NOKa3bIBalOT, 4TO 
B NPOAOATOBaTOM MO3re HaXOAATCH yuacrKu, BO3OYKTeHHe 
KOTOPBIX LaeT COKHDIE ABTOMATHUCCKHe ABHIKCHHH TaoTa- 
HUSI, PBOTHI, CJHOHOOTA@JICHHA, JbIXaHHA, cepaue6uenna, pac- 
INHPCHHA WH CYKeHHA COCYOB H T. Z. 

Ec paspe3atb Mos3r BpIltre TIPOM€KYTOUHOLO, TO NOABAT- 
CH CYAOPOMHBIC HANPAKEHHA MBIWM (Tak HasbliBaeMag mete- 
peOpaunonnan purugnocth) 3a cuer YCHJI€HHA pedsmeKcos, 
oOeCneuHBaIOWAX MpoTuBORelicrBue cue TAMKECTH (aHTHrpa- 
BHTAIMOHHBIX pedvleKcos). 

YaseCHHe KOPbl FOJOBHOrO Mosra mpeBpalilaeT XKHBOTHOR 
B CBOCrO pola aBTOMaT. OHO XO_MNT, coBeputaer KOOP THHH- 
POBAHHBIC IBHXKEHHA, HO HecHoco6Ho HHY€MyY Hay4HtTeca, He 
YSHaeT MaKe 3HAaKOMBIX MPeAMeTOB, Hecnoco6HO OOnIBAaTL 
NMULy H, OYAY4M TOsONHbIM, MpoGeraeT MUMO KOPMYIUKH ¢C H- 


303 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


ei, KOTOpyIO TeM He MeHee HcnmpaBHo eCT, CCl TIMLLLY 
BKJTAaMbIBaloT eMy B POT. 

Viasienue WI TopaxkeHHe Ooe3Hblo OTACIBHEIX yuacTKOB 
KOPbI romoBHorO Mosra WaeT O4CHb necTpyio KaptHHy HepB- 
HbIX PaCCTPOHCTB, KOTOPad B o6ulem coriacyeTca Cc TCMH CBe- 
NCHHAMH O PYHKUMOHATDHBIX OCOOCHHOCTAX pa3JIM4HbIX CTPYK- 
TYP, KOTOPble MOJTYYeHbI 3 OMPITOB C pa3sqpaxkeHHeM 3/1eK- 
TPHYeCKHM TOKOM. 


YuacTKH MO3FOBOM TKaHH, KOTOpbIe TeCHO CBA3AHEL C aH- 
Holl yHKunel, HanpuMep, C COKpaulcHieM onpemeseHHOH 
PpyMibl MbILUI, OOBIYHO Ha3bIBaloT <IeHTpOM» MawHol PyHk- 
UNH H POBOPAT O «.1OKaJIH- 
34NHH AaHHOH PyHKUMH» B 
9ToM WeHtpe. [locreneHHo 
6pwi0 OTKPbITO MHOrO Ta- 
KUX «LEHTPOB». OcoGels1o 
unTepecen TOT (akT, WTO 
PpanHilbl MHOFHX PyHKWMO- 
HaJIbHbIX «ICHTpOB» COBMa- 
aroT Cc FpaHullaMH WdTO- 
apXHTEKTOHHYeCKUX TOeH. 
OuepusHo, TO CTPYKTYyP- 





Puc. 9.2). JleuepeOpaunonhad pHrHui- 


HOCTb KOLIKH. Hble OCOHOCHHOCTH COOTBCT- 

Tlepepe3anne CTBONaA MO3Ta BhISbIBAeT Hanps- CTBYIOT (PYHKUHONaTbHOMY 
menue MbIIU-pasrnéaTeseh 3a CueT CHATHA nau 

TOPMOMEHHA AH THT paBH Tall HOHHDIX pedsekcoB Ha3sHaycHHlo yuacTKOB. 

Co CTOPOHbI FOMOBHOTO Mosra. Mmerorca pelenropuble, Hii 


| CeH30PHble NO.1d, HMeIOTCH 
acpieKTOPHEIC, HIM MOTOPHBIC NOJA, HO, KpoMe TeX H APYFHx, 
cyulecTBy!oT Tak7#Ke yuacTKM KOPbI, He CBASaHHbIe Hemocpel- 
CTBeHHO C MIpOCTbIMH OLLYWeHHAMH MH ABHAKCHHAMH. HekotTo- 
pple (H3HOJIOTH HasblBayoT HX KaCCOUKATHBHDIMH TMOJISIMH», 
OTMcUad POwJb 3THX NOMeH B CBASBIBAHUH OULYULeHHA H peaKk- 
uni. Muorve 43 TaKHX Tose HMeIOTCH TOTIbKO onpezeuleH- 
HbIX BULOB 2KHBOTHDIX, HaNpuMep, y We/IOBCKa. Pa3pyuweHHe 
WIM MOBpexkeHHe HePBHBIX CTPyKTyP HIN (DY HKILHOHAJIbHBIX 
CHCTeEM KOPbI BIeUeT 3a co6o0 paccTpoHcTBO HHT eKTY aJib- 
HBIX cHocoOHocTeH. CHMIMTOMbI TaKHX 3a00J1eBaHHH Upe3Bbl- 
yafino pagnooOpa3Hbl. Tak, HalpHMep, noBpexkeHHe 3aHeH 
yacTH TpeTbeH JOOHOH H3BHJIMHbI CCBA BHIgbIBaeT ocoboe 
paccTpolicTBo pewH — Tak Ha3biBaemyio <adpa3uio bpoka», 
aiwveHT He cnoco6eH BbIpawkaTb CBOH MbICJIH copaMH. OH 
OHUMaeT TO, ITO EMy TOBOPAT, HO He B COCTOAHNM cipopMy- 
JIMpOBaTb CBOH MBICJIH B BHA dpaspl. TlopaweHHe HeKOTO- 
pbx uacTelt HH2KHeH TEMCHHOH MOH COMpOBOAKAAeTCA BbINA- 
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ACHHCM H3 MaMATH OTMeAbHBIX CoB (aMHectHueckag a(pa- 
3HA). Bowbuok cnoco6ex NPOH3HOCHTb 3TH CJIOBa, ec Hx 
TOACK@KYT H OH NMOHMMaeT HX CMBICA. 

TToppexnenne oTqenbHpx yUaCTKOB KOPBI BBI3LIBaeT pO- 
TeploO cnocoOuHoctTu nucath (arpadus), uytarp (alekcua), 
CHHTaTh (akayIbKyua), PaCO3HaBaTb PHTM H MewOnuIO My- 
3BIKH (@MY3HA), HeBO3MOXKHOCTE COBEpIaTb MNPOH3BOuIbHBIE 
ABYWKCHHA IPH OTCyTCTBHY NapaidveH (anpakcusa) ut. o. 
Onucanp cyan, Kora CielwadHucT AMHrBuCT c MOBpexje- 
HHCM HeKOTOpOro yyacTKa Mosra OKa3bIBaeTCA B cOCTOAHUH 
'PaMMATHYeCKH MPaBHJIbHO BHINOHATE N€peBOA TeKcTa c o7- 
HOrO A3bIKa Ha pyro y IPH 3TOM He NOHUMAaeT HH 
C10 Ba H3 NepeBegxenHoro uM TexkcTa. 


Bee 9Tu 4 MHorue APYTHe MOXOOHbIe uM (baKTHI, Ka3aJ10cb, 
TO3BOAIOT MOCTOBEpHO yrBepxaTb oO CYUL€CTBOBaHHH reo- 


KPHTHKe. Okas3blBaerTcs, ONHU U Te *KE CHMITOMBI MOMKHO To- 
YYHTb C Pa3MUHbIX yuacTKoR KOpbI. Myorga BMecto w3o0q7H- 
POBaHHOTO ABH KeHHA NOWY4aloTcA KOOPAMHHPOBAaHHIE I\BH- 
*KCHHA Pa3/IMYHbIX MBILIU, HalpHMep, NOBOPOT Taz Hu romOBE 
B OAHY M TY Ke cTopony u 7. o. Moxuo 6b110 6pI NOMbITaTheA 
Ha3BaTb HOBY!O TOUKY SHEHTPOM KOOPAHHMPOBaHHOrTO UBHKe- 
HHS Tla3 HW TOMOBbI>, HO 3TO He Maso Obl HHYeTO Wis nOHH- 
MaHHA paOoTb Mosra, Kak, COOCTBEHHO, HuYerO He OObACHHeT 
H BBeeHHe NOHATHA «Ie@HTpa». | 


Hekoroppie caoxupie pedaekcsl mpx nospexsennn KOpbI 
BCKOPe BOCCTaHaBAMBAaIOTCa. OveBuHo, uto pa6ory NOBpex- 
ReHHOH YacTH cTana BBINOAHATE KaKaw-TO Apyraa — Heno- 
Bpe&k enna. TIpu stom, ye C1O#KHee HapyuleHHan PyHKuna 
H 4@M OHa «“MOJIOKe» utorenernyeckn, T. @. YEM TO3Ke OHA 
NOABWAaCh B rpormecce IBOJIIOILHH, T€M Yaine y 6prcTpee OHa 
BOCCTaHaBIHBaeTCH. MOunnoreneruyecky «cTapble» (byHKunu, 
OTHOCAIIHECH K NOAKOPKOBBIM CTPyKTypaM, BoccTaHaBJMBaor- 
CH XY*RE HJ BOBCe He BOCCTAHABJIMBAIOTCS. 

Ilo-BuauMOMy, pasnuuHpe PYHKUMH pasHUHEM 06pa30M 
CBASAHBI C HEDBHBIMH CTPyKTYpaMy. Hekotopple @yuknun — 
MN MPOcThX pedieKcoB —cBa3aHEt co CTPYKTYPOH OHO- 
3Ha4HO, Apyrue ~~ CHOKE, BIPASaTHIBalolneca To Mepe po- 
‘Ta Opravu3Ma B Bue mpuoOperenunix HaBLIKOB, — MOryT 
f1POTeK aTh Pa3/IKYHbIMH NYTAMH HCNOJIb380BaTh KaK OHH, 
rak M Apyrve crpyxtypsr. Cuenyer TOBOPUTb HE O «OKaH3a- 
Iu (YHKUMA»> B Mo3re, a o IOKAIH3aHn HEPBHBIX CTpPyKtyp, 
AHH H3 KOTOPBIX BBINOJHSIOT JHE HeOObuOe pasHoobpa- 
Q H. A. Mozeraes 305 
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gue (yHKUHH, Apyrue x*e, HOOOHO CYeTHOH MAaLIHHe, BbINOWT- 
usiollell Ha OAHOH u TOH *xKe KOHCTPYKUMH Ppa3JIH4Hble nen- 
CTBUA, CIOCOOHbI pearHPOBAaTb OYCHD CAOMKHO HW pasHoobpa3sHo 
Ha pasHooOpa3Hble BHCHIHHE BO3LeHCTBUA H, B YACTHOCTH, BbI- 
NOAHATb HeKOTOPpy!lO PYHKILHIO pasJIM4HbIMM NYyTAMH, ACI1OuIb- 
3yYA PasMHUHble Kanab CBASH uu o6xogHbIe myTH. K crpyk- 
TypaM MocwegHero THIla OTHOCHTCA BCA KOpa TOOBHOTO MOS- 
ra. Yaasienue ee WevIHKOM JIMWMaeT *KUBOTHOe BCeX ImpHoOpe- 
TCHHbIX HABbIKOB H BO3MO2KHOCTH HX IpHoOpereHHaA, T. €. BCEX 
HHTCJIJICKTY aJIbHBIX yHKUHH. 


TlonpitKH «10Kau3aluH yHkuni>, T. €. pasblckanis 
HeEPBHbIX CTPYKTYP, pa6oTaioulux pH peaMsalun TeX WH 
HHBIX IICHXHYCCKUX PYHKUMH HM UX B3aUMOMeHCTBUH, OUCHb Ha- 
nOMMHaeT 3amauy, KoTOpan cTONT Hepes UHKeHepOM, Kora 
OH IIbITaeTCA JOKAaJIH3OBaTb IMPHYHHY HempaBHJIbHoro YHK- 
ILHOHHpOBaHHA CHOKHOH CHCTEMbI ABTOMATHYCCKOTO yipasule- 
Hun. Ilpanga, ecTb HW pa3HHlia- yuKeHep Bcerfa WMeeT 
B CBOCM PacIlOpAXKCHHH MOJHY!IO CXEMY yeTpoficTBa, B cTyy¥ae 
Ke aHalu3a HeEpBHbIX CTPyKTYP TaKoli CXEMBI HeT, a CCH Obl 
ona H Oba, TO OKa3alacb Obl B OFPOMHOE yucO pas CJOK- 
Hee CXCMbI CAMBIX CJIOMKHBIX TEXHHYECKUX yetpoltcTs. Ho B Ccy- 
HICCTBEHHBIX YepTax o6e 3afanH 6nu3ska aApyr Apyry. B cu 
cTeMe ypaBeHHA OHO H TO IKE HapyluleHve WH H3MeCHCHHE 
(pyHKWAHH MOXKET 6bITb BbIZBaHO Pa43/JIH4HbIMH u3MCHeHHAMH 
B CTpyKType, BHOCHMbIMH B pasJIMYHbIX TOUKAX Wel I pOxXox- 
neuua curuasa. BpipaeT H Tak, TO HekoTopoe HapylieHHe 
(PYHKUHH OHOSHAYHO CBASAHO Cc HeHCMpaBHOcTbio OMHOTO 
onpesesenHoro y3Jla CHCTEMBI. TIlpu aHause cxeMbl MaluHn 
83 CBA3H c ee (PYHKIMOHHPOBAHHeM CTAHOBHTCA SACHbIM, UTO 
mo6aa (yHKUAA pealu3syeTcH MocpeACTBOM CMOMKHOH CXEMBI, 
aK oUaloulel B ce6s Sowbiioe YHCO Y3.10B MallHHbl H HX 
spasel. Vi ecu HeHCMpaBHOCTb B ompedenevHOM ys3Jle Bcera 
“pigplBaeT HapylWeHue onpemeeHuow PyHKUMH, TO 9TO COBCeM 
ie aeT mpaga yTBepxKAaTb, TO AaHNaA (PYHKUNA «JOKAaJIH- 
sOBpaHa» B TaHHOM «LeHTPe». 

Ouna wo Ta xe 3amaua MOvKeT pellaTben XKHBOTHbIM T10- 
SASHOMY B 3aBUCHMOCTH OT Ha.THMHbIS pecypcoB HepBHOH CH: 
cpembl, O68 9TOM TOBOPAT, HampHMep, pesyibTaTbl — OTbITOt 
c OGYYCHHCM KPbIC B jaOupunte (Te CaMble, KOTOPHIM nowpa 
aa LUlsHHou cBoeH HCKYCCTBEHHOK Mbliibio). TLoHHwKeHH! 
oHOCOGHOCTH KpbiC OPHEHTHPOBAaTbCH B maOupuHute 3aBucHT H 
cTOAbKO OT TOrO, KakHe WacTH MO3ra y HHA yasleHbl HH M0 
BPCKNCHBI, CKObKO OT TOTO, Kakant qacTb OOULero KOHYUCCTB 
MO3TOBOrO BeULeCTBa BbIKIOUCHA. Sro ropopuT mpexze Beer 
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O TOM, 4TO 3peHHe, cayx, OOOHAHHe, Oca3aHue MOTYT ZonNO.W- 
HATb MW 34M€HATL ADyr Apyra IPH OPHe€HTHpoOBKe B a6upunte. 
OTH Ha6moneHuA OKa3aJIH BAHAHHeE Ha YCTaHOBHBIUNecA 
B CBO€ BP€MA BSIVIADbl OTHOCHTEBHO CYIN€CTBOBaHHA cTporo 
PUKCHPOBAaHHBIXx SUCHTPOB> MO0OOK dyuKuny. B HacToapee 
BPeMA YCTAHOBJIeHO, 4YTO, NOMUMO “OCHOBHBIX» Il€HTPOB, cyLle- 


Mo3sra. OTH pasuuuqug MOryT CKa3bIBaTbcA Ha cnoco6HocTax 
HHAMBUAYYMa, XapaktTepe ero BOCIPHATHH, NaMATH, CKOHHO- 
cTAX HT. XQ. Tlockompky o6mee yncno KJI€TOK MO3ra 6ovlee 
HIM MeHee MOCTOAHHO, IPC3MEPHOeG Pa3sBHTHe KaKoli-JIH60 
OHO cnoco6HocTH Yacto NP€ANOMaraeT HEKOTOPOe CHHKeHHE 
APyrux. 


IMOWAH 


OMOUMH CBA3aHBI c paooTrok onpexenenuprx HePBHBIX 
CTPYKTYP MOsra, T. e. KTeTOUHEIX oOpa30Banni, BOSOyxx TeHHe 
KOTOPBIX BbI3bIBaeT PeaKUHIO BereTaTHBHOH HepBHoH cuctemy 
H BHYTPeHHHX OpraHop, Aaoulyio BHeIIHIOW KaprTuHy TI POAB- 
JICHHA 3MOWUHH HW OHOBPemMeHHO cyO6bexTHBHoe olyulenue me- 
PEMCHEI HacTpoenus. Hexotopaa yacrp HEPBHBIX CTPYKTYyp, 
OTBETCTBCHHBIX 34 BO3HHKHOBeHHE 3MOUMH, pacnovomKena 
B OTWee€ MO3ra, Ha3bIBaeMOM <PH10TasaMyc», mo coceacrBy 
C HeKOTOPBIMH WeHTpamMu TeecHEry POMC€OCTaTHYeCKHX pery- 
JIMDOBOK. 

IMOUMA HW ee nposBeHuaA HM€IOT ONpekeeHHyio OuOvIorH- 
TECKYIO Lemecoo6pasHocrh, OmpeAeIAA OOMULMH XapaKtep peak- 
UHH OpraHH3Ma Ha OOcTaHOBKy B IesIOM. Tak, nosBaenue 
NYBCTBa CTpaxa OObeKTHBHO COMPOBOKMaeTcH Bos6yxTeHHeM 
ABTOHOMHOH HepBHOH cucTeMHt, BHINCJ€HHEM AKTHBHPYIoUlero 
BeMeCTBa, CHMMaTHHAa, B 3ddektopax OPTOCHMMaTHyecKol} 


YCHJCHHBIM MOCTYMICHHEM TOKO3HI RB KPOBb, COKPalleHyemM 
CEI€3CHKH, BbIOPacbIBalOlelt o6aBounyto Pe3ePBHYIO KPOBb 
B KPOBEHOCHOe pyc.lo, ycusleHueM paOotpr cepana (x 3a ep x- 
KOH pa6orni THILCBAPHTe/IbHOrO Tpakta), CY*KCHHEM KpoBe- 
| HOCHBIX COCYOB, ycueHHeM ABIXAHUA, PaClMpeHHeM 3pauKos, 
YMCHbINeCHHeM OXxJIaKTeHuA Tena (oc1a6.1eHHe MIPHTOKa KpoBhi 
K KOKe WH NMOAHATHE BOJOC AAA COXpaHeHuA Tema), O6WLHM 
YCHJI¢HHeM OOMeHa BellectB 4 T. X. Bee tTewecupre IIpOABuIe- 
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Hum CTpaxa CMOcoOCTBYIOT MOOHIH3AUHH OPraHH3Ma Ha TO, 
UTOObI OOCCHCUHTh MAKCHMaJIbHylo OTAAauy ycHuJIHH pau caMo- 
cOXpaHeHHA. Pa6orocnocoOHocTh OpraHu43Ma B cOcTOANHY 
cTpaxa (Mn rHeBa), KaK H3BeCTHO, 3aMCTHO moppillaercs. Te- 
NCCHbIC MPOABJCHHA IMOWAM OXBATHIBAIOT BeCb OpraHH3M. 

TleateabHOCTh «WeHTpoB» 3MOLLMH MOWKeT ObITb NOMaBIeHA 
BoglelcTBHeM KOpbI rouOBHOrO MO3ra TIO COOTBeETCTBYIOULHM 
HEPBHbIM CBA3AM. Qa6oneBaHne TalaMuuecKkOH OO/1aCTH HK 
CBA3aHHOH Cc Heli NOOHOM MoM KOpbl MO3ra BCACT K CTOHKHAM 
HapyllcHHaAM 'HacTpocHHd. Bo3relictBve aslKoroJin Ha KOpy BE 
ner K ocaaGvieHHIO BOsMeHCTBUA KOPbI Ha TadaMyc H K ero 
«pacTOPMO2KEHHIOy, YM H OObACHAIOTCA HepasyMHpbIe UH pas- 
HY3aHHble MOCTYINKH momen, mowBepraioulux ce6a  TaKOrO 
poma KAJIKOFOJIbHOH BeuepeOpaunu». 

CBa3b 9MOIHOHAIbHDIX «ICHTPOB» C KOpOH SIBCTBYeT TaK- 
“Ke H W3 TOTO, KAaKHMH NYTAMH BOZ0Y2K AaloTcA IMOWHH. Kpo- 
Me TIpAMbIX BO3eHCTBUH (uenyr OT CsIMLIKOM TpOMKOTO, H&- 
OKIAaHHoro LyMa H T. II.), TOT 2Ke CTpax MOMET BO3HHKHYTb 
B pe3ysIbTAaTe BOCIIPHATHA CMbICIa KaKkoro-JHO60 ycTpaulalo- 
ulero paccka3a, HOBOCTH H T. TI. 


CyulectByeT ocoOplii BHA OOLLeHHA JOAeH, IpW3BaHHbIH 
ANICJIMPOBaTb HeMmocpeAcTBeHHO K 3MOWHUAM. QTO— MYSbIK4, 
O33HA, %KHBOMMMCh, TeaTp H Apyrve BHABI BH cxyccTBa. He- 
KOTOPbIC MpOn3BeAeHHA UCKYCCTBa (HHCTPYMCHTaJlbHas, CHM- 
(OHHYCCKAaAA My3bika) OCH Ma.l0 CBAZAaHbI C PaSyMHbIM BOC- 
npuaATHeM (eCJIM OCTABHTb B CTOPOH® mpodeccHOHaJbHy!o, Pec- 
MeCJICHHYIO CTOPOHY mysbikH). pyrne «Ke (okKaHpOBan AKH- 
BONHCh, SIIHYeCKaH MOS3H5, mpo3a) NOIb3yloTcs cpeacTBaMH 
paccydka WA ROCTHAKCHHA roti xe Wes1uH—BO30y AX TCHHA 3MO- 
Hit; UYBCTBO PalOcTH WIM TiHeBa BO3HHKaeT y YHTATeJA JIHUIb 
rorla, Korda OH HOMpOOHO ysHaeT UCTOPHIO repocB WH pac- 
CMOTPHT BO BCCX HOLPOGHOCTAX MOJIOTHO YKAHPOBOH 2KHBO- 
HCH. 


Hexoroppie XHMHUeCKHe BeILCCTBa H30HPaTeJIbHO BO31eH- 
CTBYIOT Ha OTACIbHbIC o6acTH Mo3ra, BbI3bIBad BosOYyK TeHHe 
WIM TOPMOxKCHHE HX AeATeMbHOCTH HB jlaBand XapakTepHy!lo 
KapTHHY H3MeHeHHsA MOBeACHHA ucmopeKa H ero peak Ha 
H3MCHCHHSA BHCWHeH OOCTAHOBKH. Tak, HanpuMep, OAHO H3 
TAKUX BeulecTB (<OG6.1HBHOH») BbISbIBACT nowaBlenne IMOMUH 
cTpaxa, He BbIsbiBaA MPH 3TOM CHIDKeHHA CHOCOOHOCTH Hpa- 
BUAbHO OLeHHBaTb OOcTaHOBKy H NPHHUMaTb pemeHua. Apy- 
roc BeulectBO (MCCKaJIHH) BbISbIBAacT BPCMCHHOe COCTOAHHE, 
BeCcbDMa  HarloMuHaroulee = =AyIeBUoe 3a001eBallHe — IHK30- 
(ppecHHto. 
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CurHaibHple mpowecchr B Mo3re 


Ec MOXbITOXKUTH Te He CJIHIUKOM OOWMHPHbIe Hw ma.leKO 
pe HCYepNbIBaIOWWe CBEACHHA, KOTOPbIe HMeIOTCA y Hac O pa- 
Oote HepBHoH cHcTeMpI RB HeJIOM HM MO3ra B 4YacTHOCTH, TO 
B P€syJIbTaTe CKaabiBaeTcA yOexzeHHe, 4TO HEPpBHaA CHCTe- 
Ma, pacCMaTpHBaeMag Kak Musnyeckuy OObEKT, MpemcraBaser 
coO6oH THnKUHYIO KH OepHeTHYecKytio CHCTCMY, paOorTatonlyio 
C CHrHaJiamMu. Henocpegzctseuuoe u getanbuoe CPpaBHeHHe MOB- 
Ta H CUCTHOH MAIUMHbI BPAR AH uMeeT CMBICJI, H Ha3BaHHe 
<SJIEKTPOHHBIH MO3I», KOTOpOe YacTo B NOcwIeqHee BPeMA IIpH- 
MCHAIOT K MAlUHHe, HMeeT, PasyMeeTca, ToObKO HHOCK a3 aTE@VIb- 
HbIH, MOKastyH axe HPGHHYeCKHH, CMBICI. Ho Bp camom o6- 
UleM Nae Takoe CpaBHeHHe BronHe 34KOHHO, HOO u Mosr, 
H MauluHa paOoraiwtT c HHMOpMaukeH, ucnosib3yioT CHIHaJIbI, 
BBINOJIHAIOT TipeoOpa3so0BaHua CHrHasloB 7 YupaBAlwoT ucnou- 
HATCJIbHBIMH OpraHaMu. 


IIpy TakoM cpapyennu Herpaaq HTHOPHPOBAaTb TOT (bax, 
iTO CaMaa C/lO%KHaA MAlIMHa UMeeT BCero HeCKOJIbKO THICAY 
SAEMCHTOB, UTO B MUJIJIMOHbI pa3 MeHbIe yHeNa HEPBHBIX 
K€TOK MO3ra. IIpaBna, mattuua COBeplaeT 9/eMeHTapHbe 
TaKTEI paOoTbl B COTHH TBICAY H MUVMHOHD pa3 ObicTpee 
Mosra. KpoMe Toro, WeaTeAbHOCTR MamuHD H MeAT@bHOCTb 
Mosra CielMaJIH3MpOBaHbI Ha pellenve Pa3JIMUHBIX KIaccoB 
Safa C Pa3/IH4YHbIMH aJITOPHTMaMH UB Pa3IMYHBIX ascpa- 
BUTAX. 


Bce, 4To Mbl 3HaeM o MOsre, H€ NPOTHBOPeunT yrBepxTe- 
HH1O, UTO H3BECTHbI€E HAM MOS3roRpIe TIpOWecchl CyTb mpomeccnl 
CHPHaIbHble. MW y Hac HeT HUKAaKHX OCHOBaHuyt YTBEpX Lath, 
170 CHIHaJIbHbI€ TPOWecchl He HCUepMBIBAIOT BCey; eC ATeJIbHO- 
CTH MOsra, 

Bueulnue co6nitua BOSACHCTBYIOT Ha pellenTropbl, uw BO3- 
OyKReHHe Tlepenaerca B COOTBETCTBYIONINE OTAEbI MO3TA, TAK 
HaSpIBaeMbIe aHaJIM3aTOPbI, Pe MPOMCXOAUT IIpeTBapuTebHan 
oOpa6orka unpopmanun. O Me€XaHU3Max 3TOH O6pa6orku, 06 
avITOPHTMe e€€ H O KONe HAM U3BeCTHO OVeHE, MaJIO TIaBHbIM 
o6pa30M noTomy, yTo HaO0RaTb pa6ory COOTBETCTBYIOINLHX 
CTPYKTYP B XHBOM MO3re O4eHb TpyaHo. Ecay pa3qpaxkatTb 
TOKOM Pa3IHUHble yUacTKH, HampHMep, 3PHTeJIbHOrO aHann3a- 
ropa, TO MPH pasqpaxkenun Yactell, pacnonoKeHHEx 6143KO 
K pelleltopy (ceruaTKe rvia3a), natHeHt cooOmlaeT 06 omly- 
I€CHHH SPHTeJIbHOrTO O6pa3a, ACHO _Pa3JIHYHMOTO, KaK 6bI 
peaJIbHOrO H 3auKCHpOBaHHoro RB MpOCTpaHcTBe; TIpu_ pas- 
ApakenHu Oovlee BbIcoKopacnom0xKeHNHEIXx Pa3seoB MallveHT 
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coo6ulaeT 0 TOM, ¥TO BUAHMBI HM (PHKTHBHBIA OOpas HMCCT 
xapakTep He peabHOCTH, a CKOpce APKOTO IpewcTaBJeHHA, 
He CBH3aHHOrTO Cc TWpocrpaHCTBOM H okpyxKatowlel oOcTa- 
HOBKOH. 

Ilo Mepe npoaBuxeHHaA OT pelentopa K Kope UHCIO HepB- 
HbIX BOJIOKOH He yBeJIHUMBAaeTCH, a YMEHDINACTCH. OueBHALHO, 
O6beM MOBOLHMOH WO CO3HaHHA HHoOpMalun MeHbiwe, YeM 
o6beM HHPoOpMalHUH, nOJyYaeMOH Ha BXOJe. 2Iro cKaTHe HH- 
(bopMallHit, OTCeB HeHYKHOH HM COXPpaHeHHe JIHLIb HeoOxoH- 
Moi mpescTaBadeT YpesBbl¥aHHO 6ovIbulIoH HHTepec Cc NIpHHLA- 
MHaJIbHOH CTOPOHBI. 


TIpenctapum ce6e, UTO He C/IMUIKOM KPEIIKO CHAWIHA 4e- 
MOBeK HCMbITHIBAeT BHelIHee BOSAeHCTBHe: OH CJIBIDIMT CHJIb- 
HbIa 3BYK UH OULyWlaeT NPHKOCHOBEHHE. O6bidHO B 3TOH CH- 
TyauUH Bo3melicrBue He OCO3HaeTCA CMALLHM HeMOCpeACTBeH- 
HO, a BbI3bIBaeT CHOBHAeHHe, KOTOpOe OH TO mpoOy2k eHHH 
XOPOLIO MOMHUT H MOKeT BOCTPOMSBCCTH paccKa30M BO BCeX 
netanax. Moxuo 3apuKcHpOoBaTb O6beKTHBHO BPeMA OT Ha- 
Yala BOSMCHCTBHA MO mpoOyx*eHusA, T.e. BpCMA, OKA AIM 
noch CHOBHAeHHe. O6bLIUHO OHO HeBeJIHKO. Bocnob30BaBLIHCb 
anajorueli ¢ TeJeBH3HOHHOH Mmepeqayen H300paxKeHHA, MOKHO 
OMeHHTb, CKOJbKO KaPpOB UM CKOMbKO S/IEMCHTOB B Kape m0- 
TpeO6oBa.1OCb Obl, UTOOL! BOCTIPOH3BECTH CHOBHACHHE c TeMH 
meTalaMH, KOTOpble MOKeT PaccKa3saTb TIPOCHYBIJHHCA, a 3a- 
TeM NOMCUNTATh, HCXOMA H3 BPeMeCHH CHA, KakylO TOGCY ya- 
croT MowKHA Oblia Obl 3aHHMaTb nomo6uaa «Teenepetaua». 
[lono6uble MpHOH3HTebHbIe MOACHETH! AaloT acTPOHOMHYE- 
ckylo WHpy wopsaaKa 1020-1023 repu, T. €. UaCTOTbI KECTKO- 
ro raMMa-u3atyyenua. Tlockombky PHu3HO1OrHyecKHe TIPOWeccHl 
B Mo3re HMeIOT BepXHIOIO TpaHuuy Moloch! NOpAAKa He BBIILE 
100 repul, a YHCIO BOSMOXKHDIX MapadVICJIbHO paOorTar1ollux ka- 
HaJOB He IpeBbiillaeT 109—10!°, ocTaeTrca 3aKJIOUNTb, ATO CHO- 
co6é KOMNpoBaHua MHOpMaluN B MOsTe B orpoMHoe “HCO 
pa3 9KOHOMHee, 4eM B COBpeMeHHOM reneBugaenuu. He nmpuxo- 
NMHTCH TOBOPHTb, Kakoe 3HayeHHe WA TeXHHYeCKUX OTPacseH 
KNOepHeETHKH UMea Obl pasralKa 9TOH TaHHbl PH3SHOJIOFHH. 


Ananoruunble TIpHMepbl MOXHO OBIIO 6bl TIPUBeCTH HU OT- 
HOCHT@AbHO «CHHTe3a> peakIMH Ha OCHOBEe o6pa6oTkKH HHOp- 
MalluH. 

K coxavsienuio, <CHHTe3 H aHaJH3>» pasipaxkeHul — MOHA- 
Tue, BBeeHHOe B (PU3HOJIOrHIO ele TlaBjoBbim, —‘c Tex Nop 
He TOJLYYHO HHKaKOTO Pa3sBHTHA H KOHKPe€TH3allHH, H MbI Ce- 
rOoMHA Tak Ke Malo 3HaeM O MeTa/AX o6pa6oTKH BXOMHOM 
OCBEHOMHUTeIbHOH HHopMalun H nepepaOoTkH ee B BbIxXOM- 
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HYIO HCNOJIHHTeJIbHY1O, KaK H RO BpeMena ITapnopa. 1. 
“CHHT€3 H aHaJI¥3> IIPHMeHAeTCA TOMbKO Booorte. 

Mot yxKe o6cyxnann BKpaTiue mpoOmemMy pasnnuenug (op- 
MBI, KOrAa TOBOPHIM O MalllMHax MA uTeHug. Ita mpobsema 
peleHa MPHpONOH B MO3rOBBIx CTPYKTYpax, HO MBI O Heft He 
SHaCM MOUTH HHYerO WH MOJKHBI OTHECTH ee K OYePeAHbIM 3a- 
auaM KuOepHeruKuy. 

Ene 6oee nyTepecen x aKTyaJIeH BOTpoc o MexaHH3Me 
MaMATH Mosra. <AHaau3> pa3sqpaxennht u “CHHTe€3% peaKkuH 
TECHO CBA3AHbI C MaMATbIO. O6beM namMatH Mo3ra 4pe3sBbluait- 
HO BeHK. Mexanu3M, OTBeETCTBEHHBI 32 COXPaHeHHe CHrHavIOB 
RePBHBIX PasipaxKeHul, MO CHX MOP He YCTAHOBJI€H HW He WOKa- 
H30BaH. ITlo-BHaquMOMy, KaxKbIij aHaJIM3aTOP MMeeT CBOIO 
COOCTBeHHY1O NaMsATb (MoxeT ObITh maxKe HecKONBKO BH LOB 
ee), TecHo NepemeTaoulyiocA C M@XaHH3MOM o6pa6orkn uE- 
DOpMalLun. CywmlecTayet mamMatp 3PHTe/IbHaad, CYXOBAaA, Mo- 
TopHana 4 T.n. Tipu 3tom «sprsop» HHDOPMallHH Hu3 NamMaTu 
TPOHCXOANT HE 10 €€ «ampecy», Kak B CUeTHOY MallHHe, a f0 
aCCOUHAWUHH MAaHHOTO curHana c APYTUMu, NnocTynuBuwuMn 
OAHOBPEMeCHHO C MaHHbIM, Ha ocHOBe paHee BbIDaboTaHHbIX 
VCTOBRBIX pedwlexcos. OnHako getann 93toro npouecca, ero 
CX€Ma, MOPANOK NpoTekaHHA ero B HEPBHBIX CTPYKTYpPax MO3- 
ra HaM elle HeH3BeCTHHI. 

Kakum o6pa3om, pa3nuHpre Pastpakenua, noctrynBurite 
OTHOBPeMCHHO B Pa3JIHUHble OTMEABI Mora. ukcupviotcs na 
MATbIO COBMECTHO H BITOCIEACTBUM MOAaB.AeHHe ONHOTO UX HHX 
BPISBIBACT MpPeNcTaBIeHHe O ApyroM 4x MPHTOM focTaTOUHO 
CHJIBHOe AIA TOPO, YTOOKI BbI3BaTb peakunto? Otset ua 9rot 
BONPOC 3aTPYRHUTeeH NOTOMY, 4TO KOJIMYeCTBO coveTaHHh 
PasJHYHBIX Q/I@MCHTAPHEIX pa3zqpaxennit HeOOoO3pHMoO BewIH- 
KO. HW na m1060e coueranue c Oe3YCIOBHBIM Ppa3aqpaxKennem 
MOXKeT ObITb BbIDa6oTaH YCAOBHBIH pediexc. Kpome toro, 
YCJIOBHBIH pedekc, T. e. copMecTHan (bukcauua B aKTHBHOs 
NaMATH KOMOHHALHH PasapaxkuTeleH, HenpeppiBHo u3Me- 
HAeTCA. C TeueHHeM BpeMeHH oH ykpenaeTcA, ocma6esaer, 
CoueTaeTCA C HOBBIMH pa3sapaxutenamu y POKNaeT HOBbIE 


mp o6yueuuy, rT. e. BbIPaOoTKe pedsekca, y YBeJIHUHBaeTCA 
pH €ro TOpMoxeHuH. Ilo-BuAuMOMY, BCe 3TO COMPOBOxwK LaerTca 
AMHAMHYeCKON Tepectpoltkok (by HKUHOHNpoBaHua He PBHbIX 
CTPyKTyp, H3MeHeHHeM ryTet MpOXOMKMCHHA CHFHaJIOB B MO3- 
re. Ip orpomyom xKonuyectse AKTUBHbIX 3JIEMCHTOB (KJIeETOK 
B MO3re) KapTHHa TaKux AWHAMHYECKHX H3MeHEHHA OMKHA 
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es 


.o UpesBbidaHHo cloKHOn. QuuedasorpaMMa jlaeT O Hen 
JIMUIb OUeHb claGoe NpeACTAaBICHHE. 

CyulecTBy!oT FHNOTeSsbl OTHOCHTCIbHO JJEMeHTAPHbIX MPO- 
eccoB, KOTOpbIe OOecnedHBaloT 34aNOMHHAaHHe HepBHbIxX CHT- 
nanos. CormacHo OHOH U3 HHX TaMATb ocylilecTBAAeTCA IMP- 
Ky IAHeH HepBHOPO posOyKMeCHHA MO 34MKHYTOMY yTH, CO- 
CTOAULCMY H3 HEpBHBIX BOJIOKOH H KMeTOK, MOOOHO TOMY, Kak 
KCIOBA», ZBAKOLNPOBAHHBIe B OuHapHOM alaBHTe, WHPKytH- 
pyloT B yCTpolicTBe MaMATH C NMHHeH 3a0ep KKH BHIVHCMHTeTb- 
Holi MalIMHbI (CM. rt. 7). HexkoTopbIMH HCCJ1eLOBaTeTAMH ObLIH 
OO6uapyxKeHbl 3aMKHYyTble Hetaeobpa3Hble HeHTPOHHbIe CTPyKTY- 
Dbl B HepBHbIX TKAHAX pellenTOpoB, OAHAKO PelUNTeVIbHOTO TO JL- 
TBCPKMCHHA STO THMOTesbI MaMATH y nac HeT. pyran THNO- 
Te3a NpHnucbiBaeT NaMATb CROHCTBAM MPOTCHHOBbIX MOJICKY«T, 
HaXxXONAULUXCA BHYTPH KJIeTOK. Visomepuple mepecTponkKH 3THX 
BeCbMa CJIOMKHbDIX arperaToB (tT. e, MepecTpouKH, He 13 MeHAIO- 
wiHe uvCa AaTOMOB, a JIHIIb NopAAOK pacnoloxeCnHA aTCMOB 
B MOveKyJic) faloT HaOOp WHCKPeTHPIX COCTOAHHH, OTH Aat0- 
WHxXca, BoOOULe TOBOpA, XHMHYCCKHMH cBOHCTBaMH H MOTY- 
ILMX MPOABUTECA B PH3SHOJIOTHNECKUX (DYHKUHAX KeTKH. Ita 
rumote3a, Takyke BIpoueM elle He NPOBepCHHan OCHOBATE.Ib- 
HO, BeCbMa 3aMaHYMBa, TaK Kak OHd oObacuseT MHOTHE (Pak- 
Tht, HEOObACHHMBIC ruTOTe30H ILMKJIHYCCKHX HEHPOHHbIX CTPYK- 
TYP, H, B WACTHOCTH, HaTHUHe MaMATH y MpocTeHiWiHX OLHOK.1C- 
TOUNLIX OPTaHW3MOB, KOTOPOe OTMEMATOCD MHOFHMH e@CTeCTBO- 
HCHbITATCAAMH *. 

Ecnu rumore3a 0 BHYTPHKeTOUHOH MOJIEKYJAPDHOH TaMsl- 
TH BepHa, TO HeOOXOAHMO AONYCTHTD, UTO MOJEKYIAPHBbIC 
KBAHTOBO-MexaHHyeckHe Mpoilecchl B KTETKE OKa3bIBaloT BJHA- 
HHe Ha (YHKUMOHHPOBAHHC IeJIBIX OpraHWYecKHX CTPYKTYP 
HM BCerO MAKPOCKONMYeCKOrO OpraHHsMa. TlpoucxonutT oOMeH 
nHpopMalveH MCA AY KBAHTOBO-MeXA4HHUCCKUMH, MOCKYAD- 





* TlapaMmellHa, nocaKeHHad B Y3KYI0, 3aKpHITyIO ¢ OHOrTO KOHWa Kae 
nugiapHyio Tpy6ky, AONMABIB AO TyMHKa, coBepilaet 30-—50 wey2auHbIx 
OMNbITOK MOBePHYTbCH, 3aTCM HaxOWUT cnocoé 9To chelaTb. Bo BTOpOH 
pas B TOW %Ke CHTYAaLlAH napaMelunA MelaeT TOKO 10—15 HeyAauHbix 
NONBITOK Meped MpaBHIbHBIM ABHAKEHHEM. Tipu nmocweyoulux MOBTOPeHHAX 
onbiTa OHa BCe OblcTpee HaXOMUT BHIXOA H3 3aTPYTHOHHA, ABHO mpHoopetTaa 
OMbIT, T. €. 3aMOMHHad MpeAbiayline nelicTBHA WM HX pe3y/bTaTHl. 

Vucy30pus-Tpy6a4 (creHTOp) TIpH pasipaxkenHH ee cTpyefl BOAbI BHa- 
yale MbITaeTCH YKJIOHHThCA OT PasAqpaxKoHun, copepllan BHKeHHA B CTO- 
poubl. Satem mpaAueTca B causuctylo o6omouKy, BbWwesad 3 Hee mo Bpe- 
MeHaM, H MpsveTcd CHOBa, eCIM pasmpaxkeHnHe npogzomkKaetca. Hakone, 
ova mokumaeT cpoe yOouutle H ypBpaeT Mp oub, Hila Gomee OnaronpHat- 
nol cpeabl. Tlopemenve usmMeHseTcaA M0 Mepe HakomseHHa QnbiTa, ITO He 
MOXKeT MPOKCXOMHTh Ge3 3alOMMHaHuA NpeAbl AyULAX CHTY ally. 
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HBIMH CTPYKTYPaMH HM «kKaccHyecKHMu» Mak POCKONHYeCKHMH 
CTPYKTYpaMH, a TaxxKe B3aHMHOe yipaBweHHe (3anoMHHaHue 
H BCNOMHHaHve). Cregyer SaMCTHTb, YTO 9Ta cuTyalng — 
YUPaBJeHHe MaKPOCKONMYecKOH cucTeMo; CO CTOPOHBI KBaH- 
TOBO-ME€XaHHYeCKHX MpoweccosB — He ABIACTCA €NMHCTBEHHON. 
To *e HMeeT ecto NIPH B3aHuMOoretictTBHy MOJICKYJIADHBIX 
CTPYKTYP XPOMOCOMEI ¥ MWIa3MbI KeTKH. IIpomecc o6Mena Be- 


EE Se a 


Puc. 9.29, SaMkuyTple HEPBHbIe Wenn B 

PETHKYJIAPHOM  BeLecTBe r1a30j.Bura- 

TeIbHOrO HepBa (Mpeznoaaraemag cXeMa 
No Jlopeute ze Ho). 


nee 





HBIM BO31eHCTBHEM cw1Oo%KHeTUTHX MOJIEKYJI, KOTOPbIe BXOAAT 
B COCTaB xpoMocomM. 

Takum o6paz3om, KHSHCHCATCIBHOCTh KJICTKH CKIaNbIBact- 
CA H3 HamlpaBsstouero BO3 e€HCTBUA MOTCKYIAPHBIX CTPyKTyp 


HHH, TEMN€PaTypbl, RaBeHus YT. m1.). 

O6uiupHaa H rH6Kag NaMATb MO aCCOWMalluAM ectTh To 
CBOHCTBO Mosara, KOTOPOe€ co3qaeT rpoMannoe KayecrBeHHoe 
OTHUHE NOBERCHHA XKHBOTHOTO OT NOBEAEEHA Mexannyeckiy 
ABTOMATOB. 

Brrpa6orka YCAOBHEIX pe®eKcoB co3qaer TOT THN pauno- 
HaIbHOTO NOBeweHHA, KOTOPBIM XapakTepu3yroTca *KHBOTHBIe, 
Y CMIOBHBIE PePeKc Bcerma co3snaetcg TOJbKO Ha OCHOBe 6nHO- 
YlOPHYeCKH Wemecoo6pasnok 6e3yc10BHOH PeaKUHH, HanpumMep 
Peakunu Ha nummy. Bug nu 3anax NMUIH HE ABJIAIOTCA 6e3ycuoR- 


nocvle TOTO, Kak OHH Y3HaloT BKYC MACd, BHA 3allax ero 6y- 
AYT TIpouHo aCCOUHHPOBaThcA C MOPIomeHHem NUM HW BBI3bI- 
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BaTb OOHJIbHOe BbiMeIeHHe CJIIOHBI, BLIPaGaTbiBaeTCH «<HATY- 
DaJIbHbIH» yCNOBHBIN pedeKc, KOTOPHI GyweT NOAMEPKUBATb- 
CH H CYULECTBOBATb B TEUCHHE peel Ku3HH co6aKH. Bnocied- 
CTBHH, mocJie NepBOH NOMMKH AKYH, MOMOOHbIE We HAaTypaJib- 
Hble pedbiekchl BbIPAGaTHIBAaIOTCA Ha BUA HUH, ee MOBeEACHHE 
(yGeranHe) HT. A. 

3atrem 6ynyT BbIipadaTbIBaTbCA YCIOBHBIC pedekcbl Ha 
YCIOBHbIe ped IeKCHI (TIpOJOJKeHHBIe pedlekcbl), ecw 
coueTaHHA YCJIOBHbIX pasipaxkuTeeh BO BHeWHeH OOCTAHOBKE 
yCTOHUMBbI, 9TH pedickCbl TAKKE 6yHyT HeMpepbIBHO NOAMep- 
9KHBAaTbCA, CO3TABaH B cBoeH COBOKYNHOCTH o6uln OOK M0- 
BeLCHHA X%KHBOTHOTO. YC/IOBHbIe pedseKcbl BbIpaGaTbhiBaloTcH 
He TOJIbKO B BUZe PeaKUHH aKTHBHOTO mevicTBH, HO HW B BHC 
TOPMOXKCHHA ACHCTBHA. Pedsekcbl MOryT BbIPabaTbIBaTbCA 
c 3afepoKKOH peakUHH Mo BpeMenH (no noayuaca), T. €. PCak- 
und OyHeT NPOWCXOANTh He Ha pasapaxeune, a Ha ced pas- 
mparkenna, gapHKCHpOBaHHbIH B MaMATH. PedeKTOpHon Ppe- 
aKUMeCh MO*KeT ObITb ACHCTBHE BHYTPCHHES opraHoB, He BOC: 
IpHHUMaeMOe CO3H4HHEM, B WaCTHOCTH H3MeHeHHe 2MOLAM 
CaenyeT 3a4MeTHTb, TO «cO3HaTedbHasd» YacTb paooTbl Mostra 
cocTaBlet JIHLIb MaJlyt0 20.1t0 o6iuero o6bema ero paooTH! 

Bce 9TH XOpOIWO H3yYeHHBble (bakTbl MOSBONAIOT CTPOHT 
rHnoTe3bl O BHYTPeHHHX Mpolleccas, ONPeAeMAIOULUX MOBCAC 
HHe 2KHBOTHOTO HH YeOBeKA. 

VndopmMaluus 0 BHELMNAX COObITHAX B OOPaOoOTaHHOM BHC. 
¢ OTCEBOM HecyllecTBeHHOH 4acTH, 3actpHKCHpOBaHHaa B MaMATH 
B BHLe CHTHa/IOB — PH3HOJIOPHUECKHX COCTOAHHH H MpotleccoB 
HepBHOH CHCTeMHI, nH60 MOxKeT IWpeBpaTHTbca B jevCcTBHe- 
peakWHio HeMeJLICHHO HAW C ganepxKkKol, 1u60 peakus MO2KET 
Opitb 3aTopmorxena. Ilpowecc COMOCTABICHHA CHIHaJIOB pa3- 
NMUHBIX COOBITHH, BbISOB H3 NaMATH aCCOILMUPOBAaHHbIX CHIHa- 
lop Apyrux coObITHH (HanpuMep, NpHuHH H celCTBHH), BbIOOP 
Ha OCHOBAHHH SMOLWMOHAIbHBIX OLeHOR HanOouee wetecoob- 
pasHoh peakuHvH 4H npeAcTaBlAeT coboh u3gnoornuecKky!l0 
ocHopy Toro Nporecca, KOTOPDIM B cy6beKTHBHOM TepMHHOJIOrHH 
Ha3blIBaeTCA «PaSMbILVICHHEM”. Muicab lpedctapsiaeTca, TaKAM 
o6pa30M, OObeKTHBHO Kak CHrHaJIbHbIH mpolecc o6paboTkH 
HH(POPpMallHH, 3anaceHHOl B MaMATH 3a BCe BPeMA }KH3HH Ye- 
mopeKka, Ha OCHOBe CBOMCTBCHHBIX VHLMBULYYMY MpHpOAHbix 
HHCTHHKTOB, 9MOMMOHAJIbHBIX OMCHOK, tremnepamenta. MbicJb, 
mo Ceuenosy u BbextepeBy, eCtb galepskaHHbIM MCMOHeHHeM 
YCJIOBHBIH pepAeKC <... OUCBHAHO, UTO MbICJIb H poobule cyOb- 
CKTHBHbIC MepeKHBaHHA O/H! 6LITh MOHHMAeMBI Kak 3aep- 
Kable pedseKcbl, KOTOpbIe Pao HUM Tl034HO, OCBOOOLHB- 
WWHCb OT TOPMOXKCHHA, nepeHyT B O6beKTHBHEIM MAp B PopMe 
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(B. Bexrepes. «Outue ocwosa pete ae vex , Peau 
; pedieku-onorHuy, ra, IT). Ipu 
SMOUMOHAJIBHOM BO30yKeHHH TOPMOxe He oca6eBaer H pe- 
aKIMA MIpOpbipaeTca Hapyxy. VMutencuBuHo y BO3OYKEHHO 
MBICJIAIUHH YeOBEK IWenyeT, *KeCTHKYJINpyer, NUM acHuuger. 
O6ObekTHBHaA NcHxOnOrHs, HH pedlekcovlorua, HMeoulasc 
AeO HE C aHaJIV30M CyObeKTHBHBIX BHYTPCHHAX OLLyUeHHH u 
TepeKUBAHHH, a C HaOMONAeCMbIMH peakunaMy, pedekcamMy 
H MOJOGHBIMH HM ABJICHHAMM, MOXeT 6ObITD B 3HAaUNTeNBHOM 
OObemMe, a CKOpee Bcero LerHKOM, NOCTpoeHa Ha CHrHale Kak 
OCHOBHOM NOHATHH. CyObeKTHBHBIe OLLyINeHHA MpescTaBAAIOT 
coOok HHdopMaluio, Hecomyto CHrHaJIOM — Pu3HOJIOrHYeCKH- 
MH MpoleccaMM HeEPBHOH fexTebHocTH. B atom bake OTpa- 
*KaeTCH OOUlee CBOHCTBO CHrHaJla—COOTBETCTBHE, H30MOP@u3M 
CHrHadla H BHEWHHX COObITHH HIM peakunit. 

«OObACHHTL® cyObeKTHBHOe cosHaHne MHAUBUAYYMa, CO3- 
HaHH€ Kak OULYULCHHe JIMYHOCTH, COOCTBEHHOYPO «A», KaK OLLyUle- 
HW€ pa3JIM4HA MeKAY BHYTPCHHHMH HM BHELIHHMH ABJIeEHYAMH 
B *KH3HH HHJMBUAVYYMa BPA JIM BOSMOXKHO, HOO WIA KaKOrO 
HHIMBURYYMa4 OHO €QHHCTBEHHO H HH C 4YeM He CpaBHUMO. 
CosHaHuve Ke Apyrux sone, Ha60NaeMoe He Kak aBNeHHe 
BHYTPH MOerO «A>, a B OKPYKalOUlLeM MCHA KOJVICKTHBe JO Nel 
(HHTHBUAyaIbHOe cOsHaHHe KaxKJOro wieHa 3TOTO KomAeK- 
THBa), MOXKeT ObITb NOHATO TO conocTaBAeHHIO oc 60raTHIM 
MHPOM K#OepHeTHYeCKHX CHCTeEM H Mpoleccos, CYLeCcTBYIOULHX 
NOMHMO KHBBIX cyulects. [Ipapma, ceromHA HU OHA caMaa 
CHOMKHAA MallMHa He NOMOUa eile K TO rpaHu, 34 KOTOpOL 
HaYHHaeTCA iCO3HaHHe, HM MbI He 3HaeM, TlepelineT su Ona 
KOTa-HHOyAb 3TY rpaHb. Ho nuyto, Kpome npezyOex TeHuA H 
IpetpaccyHKOB, HE MO3BOJIAeT CeroHA YBepeHHO OTPHUaTb 
MOROOHYIO BO3MOXKHOCTb. SeCcb YMeCTHO BCNOMHHTb csloBa 
akanemuka WV. II. Ilasospa o wenospexe KaKk MallWHe, @THH- 
CTBCHHOK M10 BbICOWaHIIeMy CaMOpery.1MpoBaHHD, KOTOPbIe€ Mbl 
WHTHpOBa."4 B NepBOHK rviaBe. 

B n0cJieqyIOulMxX TlaBaX MBI elle BePHeMCA K 3TOMY BO- 
mpocy. 

‘Mem He oOanaeT Manna? 


Korga o6cyxaerca Bompoc o CPpaBHeHHH NMorecHUHaJIbHbIx 
BOSMOXKHOCTeEH CYCTHBIX MalUMH CO CNOCO6HOCTAMH YeNOBeUe- 
CKOrO HHTeJeKTa, OObIUHO B Ka¥eCTBe HEJOCTYNHBIX MallwHe 
KavecTB Ha3biBaloT YMCTO YeTOBeueCKHe CBOMCTBa: PaHTasHi, 
CNOCOOHOCTh K TBOPYECTBY, «cBOoOonY BOM». Crola MOKHO 
ROOaBUTb elle cBOMCTBa, KOTOPbIe He BCerna YNOMHHAIOTCH: 
STOW3M, 9MOIWHH H, HaKOHel, CNOCO6GHOCTh pa3MHOKAaTHCA. 
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EcIm TOBOPHTb TON+KO O CYWIECTBYIOWIMX HW SKCIY ATH 
pyeMbIX CeFOAHA MaurmHaX, TO STOT nepcueHb CBOHCTB 3HayH- 
T@AbHO DAaCIUMPATCA. Ho mpl OyjeM oOcyK1aTb He TOJIbKO 
CBOMCTBa COBDCEMCHHBIX YTHJMTAPHbIX YCTPOMCTB, HO H Gouee 
WunipounUiv KviaLca BO3MOXKHbIX KOHCTPYKUMH Maurin, WPHOpPH- 
Py HX YTHAHTAPHY!O WeHHOCTh H JKOHOMHYCCKYIO Wletecoo6- 
Pa3HOCTbh HX 9KCMMyaTauHyn. 

TlonpitaeMca OeHHTb, B Kakolt cTenenH (baHTa3HA H CTO- 
COOHOCTh K TBOPNCCTBY ABTAIOTCH IIA MALIHHBI «3allpeTHOH 





Puc. 9.23. OGe3baHa HaMuBaeT B KpyKKY BOY H3 6:1Ka. 


o6mactbio». Jia sToro mpexme Bcero culeaqyeT WaTb Olpee- 
JleHHe 3THX NONATHH. 

Ecili wetopek palragupyer, OH co3qaer HeuTo (pacckas, 
DHCYHOK H T. II.), He COOTBeTCTRyIOlee HenocpeleTBeHHO MHa- 
6omaeMoH peavbHoctTH. Ilioq danTa3snH -~ STO, HanpHMep, 
YVOBHUe C TCIOM ObIKa, KPbIIbAMM OPJla i TO.IGBOH 4eJ10- 
Beka, CTONMee Ha CTpaxke BOPOT ACCHPHHCKOrO Xpasia, TO — 
cyUlecTBO C YeOBeUeCKHM TeJIOM HM KO3IMHBIMM POraMH, Hr- 
palollee B pole Ha CBUPeJIH, HIM CyULecTBO C JIBOHHBIM TeJIOM 
KOHA H YesloBeKa; 9JTO — HCTOPHA BOHHbI C THTAHAMH, HCTOPHA 
6oxecTB H HX B3AHMOOTHOIMeHHH CO CMepTHbIMH HT. J. 

Huuyero nozo6Horo HH OHH QaHTasep HHKOrMa He Ha- 
60a, HY Hac HeT OCHOBaHUH YTBepKLaTb, TO TIOMOOHbIE 
BeILM MOTH ObITh MOVePNHYTHI HM M3 OKpyxKalollen peab- 
HOCTH, 3@HMCTBOBAHbI, CKOMMpoBaHbl. HecoMHeHHO, OH HX 
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CO3a/ CaM, HO CO3fa/I H3 MaTepnawa, NOJIYYCHHOTO BCe TeM 
KE NYTCM ——NYTe€M HaGJIONeCHHA peasbHOCTH, 

Cnoco6xocTh m060r0 opraHn3Mma PearwpOBaTb OJHHAKOBO 
Ha Pa3JHYHbIe pasqpakenud oOnpemeneHHoro Kacca AeCKUHT 
B OCHOBE Pa3/IMYeCHHA He KOHKPeTHBIX IpeAMeTOB, a KsaccoB 
MpeMeTOosR, T. e. aOcTpakuuh. Onuum u3 Me€PpBbIX aOCTPaKkTHBbIX 
O6pa30B, CyHIeCTBOBaBUIHX elle Ha 3ape *KH3HH, Ob oOdpas, 
HIM 3APOAbIW NMOHSTHA, peaklua — «mutta». OvHOpogupie 





Puc. 9,24. Oesbana 3aausaer Bogoit OFOHb, TOpAuLNH BOKpyr 
alle IbCHHA, 


NPHSHAKH Pa3JIMYHBIX MpewMeTos (npusHaku, AMewllue OHn- 
HakoBoe OuOMOrHYeCKOe 3HayeHHe) B mMpouecce BbipaOOTKH 
YCAIOBHBIX PeJe€KCOB HeIIPON3BOUIbHO IPpynnupylotca u 3a- 
KpenvinloTCH B BHIe€ ORHOPORHOTt rpyunbl. BnoclexctBHy 
C NOABICHHEM PedH STH rpynnbl mpasHakon aCCOWMHPyioTca 
CO cl0BOM. Bosmoxkuxo, nepBbimy ABYMA pa3sqHUHDIMK 
aOCTPaKTHbIMH KJIaccaMu NP€AMeTOB ellle 3aR0/Iro yO Toro, 
Kak Ha 3eMJle ObIIO NpoHNsHecelo NepBoe CJIOBO, ObIH Kaccbl 
«CbeQOONbIe> H KHECbEAOOHEICY HAH NOAOOHbIe HM KaTeropuH. 
Cama HeoOxoxuMoctTD PasIMqaTb MpeQMeTbl H OTOUPaTh 13 
OobUIOrO UuCNA KOHKPCTHBIX OODCKTOB MOVIe3HbIe HY BpeHbIe 
POwMAeT cnocoOHocTh K KJaccHbukanuu. Kuporupe He 
Morin 6bI cyulecTBOBaTb, ecaH ObI He oOaqaiu 3ToH cno- 
COOHOCTbIO B GombiucH HIM MeHbUe crenenn. 
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TakHM TIYTCM BBICINHe %KHBOTHDIC MOrYT pa3JIM4aTb OTpOM- 
Hoe KOJIHUCCTBO He TOJIbKO KOHKPeTHBIX 'TIPCAMeTOB, HO H 
KIaCCOB MIpeMMeTOB, H WOHATHA «roOBa>» WH «HOTA» A1060ro 
‘KMBOTHOTO pasauyaloTca Telepb yxe He NO CTCNCHH WX 
cebelo6uoctTH, a B pe3syJIbTATe JWIMHHOW enw HaTyPaJIbHblx 
IPOROJKEHHBIX YCIOBHBIX peQJeKCOB, MPOYHO 3aKPelCHHBIX 
B TAMATH H CBA3AHHDIX C 9MOWMOHAJIbHBIMH OWeCHKaMH. To *Ke 
OTHOCHTCA, PasyMeeTCA, He TOMbKO K TIPeAMEeTAaM, HO H K nei- 
cTBHAM. B pes3yabTaTe pOKTalwTCA OTOPBaHHble OT KOHKPeT- 
HOH OOCTAHOBKH OOPa3sbl: «pa3sMeHTb», K<COCMHHHTb*, a Mep- 
BOHAUaIbHO, BEPOATHO, KCbECTb?, KTIOHMAaTb» H T. TM. 

Ecru CHruaslbl Kulaccop mpesqMeToB uM AeHcTBHH Cylle- 
CTBYIOT B HepBHOH cucTeMe, TOUHee, B NAMATH MoO3ra %KMBOT- 
HOFO, TO, ECTECTBCHHO, OHH MOYLyT cayuaHHo coveTaTbcaA Apyr 
C pyroM B (aHTacTH¥eCcKHX OOpasax WH MPH STOM «HD aBHTb- 
CA» WIM «He HPABHTbCA», IIPHBeKaTb WIM NyraTb BCJEACTBHE 
3MOIUHOHAaIbHOH OKPaCKH. 

TlocMoTpHM BHUMaTe/bHee Ha TIPOM3BeEACHHA yueOBeuecKOH 
(baHTa3HH HW MOMbITaeMCA HaHTH B HHX TO, ETO Mbl HHKOra 
He 3Hamu. K nponyKTaM baHTa3HH OTHOCATCH TOJIbKO C0 TE 
TAHUA BICMCHTApHbIx O6pa30B HWIH TMOHATHH, HO He CaM 
o6pa3bl. Herb3a npHayMaTb Hadero TaKOrO, TO He 6nH10 Obl 
HH B UeM (HK B AeTalAx, HH B o6ulem) moxoxKe Ha Jel- 
CTBUTe/IbuocTb. Jlyullee, UTO H3BeCTHO B 9TOM *Kaupe, 9TO 
KHTAaHCKHH «6e/bid ApaKOH>, n306paxkaeMblit mycTbIM (POHOM 
6e3 pucyHkKa. 

@MaHTa3HA CCTb TIPOCTO aKTHBHaA mepepaOoTKa HHipopMa- 
UHH O PeaJIbHbIX MpeAMeTax, npHMeHsAM aA clyaaHHblt BbI- 
Gop coueTaHnlt Mp cHHTese O6pas0B, MONATHH, clorwKeTa 
HoT. Ti, HAH oKe HaMepeHHoe H3Bpallenne NPHBHIMNBIA coueTa- 
nuit, Kak H3BeCTHO, OCHOBHbBIMH TIPH3HakaMi «CMeLIHOFO» 
ABNSIOTCA HeEOXKHTAHHOCTb, HeJCNOCTb (wecOOTBeTCTBHe TNPH- 
BLIUHOMY H MOuesHOMy) NpH OTCYTCTBHH yrpos3bl. 

Heo6xoHHMOCTb ONNpaTbcaA Ha PeaJIbHbIe o6pa3pl HH 
XOTH Obl Ha UX KOCKOJIKH>, Mave MNpH camo cMeOoH (baHTa- 
3HH, YacTO MpHBODUT K CePbe3sHblM 3aTPYHHeHHAM IIpH dop- 
MHPOBaHHH nouaTuh. M3necTHo, HatlipHMep, C KAKHM TPYTOM 
CTYHCHTbI H yuallneca MpHBbIKaloT K NOHATHAM KOpMYCKY- 
JIM PHO-BOJIHOBOH MpHpOAbl QJIEMCHTapHDIX YacTH. CBovcTBa 
NACTHILbI KAKU 3HaeT XOPOWIO Ha OCHOBAHHH OMBITA. Cpon- 
cTRa BOJH HeCKOJIbKO xy2Ke, HO TOKE SHACT. Ho HHKTO HH- 
Korda He HaOwOnaT HemocpeACTBeHHO HHYEeTO, ITO 00/1afa-10 
Obl OMHOBPeMeHHO H TeMH H APYyrHMu CBOHCTBAMH, Kak 93TO 
uMeCT MeCTO JI 3CKTPOHa, KOTOPHIM Kak WacTHWa OCTAB- 
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DICT HHAMBUAY aJIbHBIM Cle Ha (OTOSMYJIbCHH o6pa3yerT Ha 
HeH *Ke HHTepdepenunonHplit PHcyHOK, 1a KO BCeMy OcTamb- 
HOMY ellle H He O6/lanaert HHITHBU JY aJIbHOCThIO! * 

CBolcTBa 3/1eMeHTapHBIX YaCTHW Mbl HE MOXKEM «HOHATBLY 
B OOBIYHOM CMBICVIe CORA, T. e. CONOCTABHTb H3BECTHBIMH one- 
PallHAMH C y2Ke H3BeECTHBIMH ABJeHHAMU. Mp MO2XKEM TOJIbKO 
IM PpHBEKHYTb K HOBbIM NOHATHAM H HayuHTbCH UM Ipa- 
BHbHO MO/Ib30BaTbCH, HeECMOTPA Ha HX «HEOYeBHAHOCTb», 
HPOCTO MOTOMY, YTO OHH ABAAIOTCH WIA Hac 3JIEMCHTAPHbIMH, 
H3HaYaJIbHbBIMM NOHATHAMH, HHopManvelt o cbusnyeckort pe- 
ajlbHocTH. Hf mpw orBere Ha Bonpoc: «Kax By cede mpencras- 
JIA€Te SJIEKTPOH WIM KBaHT?»— MBI BEIHYKTeHbI BO3TepxKaThca 
OT ONMCaHMA OpMBI, UBeTa, WepoxoBatocTH xy Orp aHHYHTbca 
TOAbKO = Pa3bACHeHHeM CBOMCTB ypaBHennii UIpequyrepa — 
ne Bpotiuia Kak Hau6onee TouHoro ONHMCaHHA COObITHH BHeUI- 
HerO MHpPpa. 

Yitak, danta3sua cBogutca, OY€BHAHO, K OCOObIM MeTOZaM 
o6pa6oTKH undopmauuu, nOocTyMatolleH M3 BHeWHero Mupa. 
SHad MpHsHaKu 9THx MCTONOB, MOXKHO BJIOKUTh HX B MALIMHY 
M 3daCTABHTb ee (aHTasupoBatTb. Ha 9Tom NYTH, BeposaTHo, 
MOryT MOJIY4HTbCH 3a6aBHble pe3yvbTaTHl. Myspika, counnse- 
Maa ‘C NOMOUIbIO ClydaHHbIX MPOWeccoB c 3aNaHHBbIMH pacupe- 
ACMCHHAMH BEPOATHOCTeH, MpencTraBAseT co6ol onHH y3 mep- 
BBIX IIPHM€POB TBOPYeCTBa 6e3 4YeOBeKa B otvlacTH HCKYC- 
CTBA. 

YesoBpeK caM HHorga CrpalaeT OTCYTCTBHeM ocTaTOUHO 
OoraToH (baHTa3sHH HM OKa3bIBaeTCA CAHIIKOM CHJIbHO MIDHBSA- 
SaHHBIM K HH@OPMalHH, NOdyyaemow uM HeENOCPeACTBeEHHO 
M3 BHeIIHero Mupa. 

O6paTuMcsa kK mpoueccy TBOPYeCTBa HW TOCTapaeMca TIper- 
CTABHTb, KaK MpOTeKaeT STOT MpoLecc y yeOBeKa. TBopyecTBo 
CCTb CO31aHHe Yero-TO (MpeaqMeTa HIM HNeH), ITO ABA A eT- 
CA HOBDBIM, T.€. He CYIMeECTBOBaBUIMM JO CHxX nop. OITo 
MOET ObITh 3HEPreTu4ecKad MaLIMHa HH MeTON yIipaBJeHHA 
ClO, HCNOJb3OBaHHe OFHA WJM CHIBI XKUBOTHOFO, CTaTYA WAH 
MCvIOAHA, OPyAHe Tpyaa HIM reopHA u T. 4. 

B ocHoBe TBOp¥ecTBa, KOHeUHO, exKUT (banta3ua. Tsop- 
WeCTBO. MOMHMO MauTa3HH, 3aklOuUaeT B ceOe, BO-epBbrX, 
OT6Op NO HeKOTOpHIM MpH3HakaM «HYKHDIX» HH «XOPOUINX» 





* Kak W3BeCTHO 43 OmbITa, pactpenenenne SHEPrHH SNeKTPOHOB nOZ- 
WHHAeTCH CcTaTHcTHke Bose — Quuretya, KoTopas B oTmMUHe oT ctTaTH- 
CTHKH bovbuMaHa, npumMeHHMof ans MOJICKYI H aTOMOB, He y4HTbiBaer 
TepecTaHOBKH MHAMBUAYaJIbHBIX 3ICKTPOHOB B AYeliKax (basoBoro IIpo- 
CTpaHcTsBa, 
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Puc 925 O6e3pana MepenpaBasetca C NAoTa Ha NAOT. 
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NPOAYKTOB (avTa3un, a BO-BTOPbIX, COsMaHue peambHbIX mper- 
M€TOB B COOTBeETCTBHH C BbIOpaHHOoH «dbanTacTuyeckol» 
Hleen. 

Axayemuk HW. 1. [lapaos crap“ MHoro OMbITOB c 4es0- 
BeKOOOpasHbIMH OOe€3bAHAMU JIA MpOBepKH UX cnOCco6HOCTH 
K pelueHHiO TBOPYeCKHX 3aay. OTH ONBITH! BecbMa Moyyn- 
T@JIbHbI JIA BbIdCHEHHA CAMOTO TOHATHA TBOPUCCTBA. 

OOesbAHa NOMyuala Ha TapemKe JaKOMCTBO — anebcuH, 
Opada ero ¢ TapekH H C yROBOMbCTBHeM cbegzaa. Tlocae 





= 
Senta 
Puc. 9.26. Patitactuyecknit o6pas— Puc. 9.27. Dantacruyeckuil o6pa3— 
cTpam AccupHiickoro ABopua. KenutTasp. 


STOrO aleJIbCHH OKPYXKaJIH KOJIBICBbIM COCYOM CO CHAPTOM, 
CNHpT Tope, H OOe3baHa MPH MONMBITKe MocTaTh aneAbCHH 
oOKuraa Jiaty. Ona uckana cnoco6a u36exaTb oxKora. 
OGesbaHa Hay4JlaCb 3a4/1MBaTb OFOHb BOOM; Wa 3TOrO ef 
NPHIUWJIOCb HAYYNThCA NOCeCAOBATeJIbHO, B NOPAAKe mocreneu- 
HOTO YCJIOMKHCHHA 3a ayn, NOJIb30BaTbCA KPyKKOH u OauKoM, 
43 KOTOPOrO OHA Yeptiasa BOY, XOMHTb K Oauky 3a BOON, 
NOJIb3OBaATbCH KPaHOM OauKa, KOra Kpblllika ero Oblla 3a- 
KpbiITa, HoOupatbcs mo OauKa, cTosWero Ha WioTy, no Jo- 
Weuke, N@peKHHYTOH yYepes nmpyno *. Haxkoneu, Opin tlocTaBweH 


* Mororpadun so6e3Ho npegoctapens: H. H. Jlagpirnnoii-Korc. 
21 H. A. Toneraes 32] 
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nocAeHHHi onbit. Ha mpyay mapa gBa WloTa, coewMHeH- 
HbI¢ Y3KHM MOCTHKOM. Ha OMHOM TIOTY HaXOAW1acb o6e3bA- 
Ha, AN@IbCHH, OKPYKCHUbIH TOPAWIHM CIAMPTOM, H Kpy#Kka 
B pykax y oOc3baHb. Ha apyrom —— 6ayok 6ec3 Bob. Bee 
HPHBDISHbIC CMOCOOL! AOOBIMH BOAbI! He WaBadH ycnexa, He- 
CMOTPA Ha 3aTpaTy YCHJINH HW MpcoAoeHHe MOCTHKa (o0e3bA- 
Hbl— He ao6urent Kynatpea). Kpyrom Obit meabiit mpya 
ROLLI, HO 9TO Gbila He Ta BOMAa, KOTOPY!O 3Ha.ta OOe3bAHA, 
BHACBIUad CC B KpyAKe. Boga B UNpyy He Obl.1a CBA3aHA 
C KpYAKKOli, OFHCM H All@IbCHHOM, Obla HCH3BCCTHA H MOTOMY 
6ecno.1e3Ha. OTcyrcTRBOBaa accOWWalus — pcaIbHant CBASb 
RB Mosre oGe3panbt. Hawio 6bl.da CHTYaWHA A TBOPUCCKOLO 
OTKpbITHA BoAL B Mpyay. Loro obesbsila MOBTOps.da NPH- 
BLUUIIbIC GOBYCHCHIIbIC WOMPITKH, 3aTCM OCTaBHa IX, NO-BHAH- 
MOMY, BMeCTC C HaACA LON NOMYUHTb allC.TbCHIL. VW craa pa3- 
BilekaTpes, uem Morea. MW sor Torya, XOTH MajleKO He cpas3y, 
O6C3bsIHa COBCPUINMA «KHaysHoe OTKpbiTHe», ONO, Kak Bce Te- 
HHAJbUbIC OTKPLITHA, ObLIO WO 'CMCHIHOTO MpOCTbIM H MPHIL 10, 
Kak 9TO UacTo ObIBacT, cyualino. Mrpas, o6e3pana c.1y4¥aHll0 
3aNepiiyla B KPyAKKy BOLE H3 Upyqa H Y3l ata ec. Acco- 
HSI BLI3BATa H3 TaMsSITH CTePCOTHTNY!O  MOCTeCTOBATeIb- 
Hocrh gelieTBui... Anedbcui Obit CbC1eH. 

Uro oKe MCIta.1O OOC3DAHC OTOAACCTBHTb BOAY B MpyAy 
H BOY B KpyaKe?P OrcytcTBHe NpsAMOro OMbITa H BEITCKAIO- 
LHX H3 ero accounaunh. Caryuah BOCMOJIHHA TOT mpoocA, 
a uyata B Bone (B KpyxKke), T.e. YC.JOBHO-ped.TeKTOpHan 
CBI3b OOPAa3a BOA! (B KPYAKKC) C 1eMbIO PCaKILHH, HMCIOULHX 
PC3y-IbTATOM AMCIbCHH HW YOBOAbCTBHE OT 3TOTO JAaKOMCTBA, 
3ACTABH.1A OOC3bSIHY OCOpPaTHTbh BHUMAHC Ha BOTY (B Kpyx- 
Ke), Kora ola 3auepmiysia ee (u3 Tpyta). Byab oOe3baHa 
chita, OHA Mora Obl Ne 3aMeTHTb CBOCTO OTKPDITHS H «OOC3b- 
Alibi TayKa> Ja sToT pas ie COBEPIHAa Ob Nporpecca. 

Uesopeyeckne H300pCTCHHA HM OTKPHITHA COBePlTalorTcd 
ABYMS TIVTAMH: MYTCM TOApaKailist H NYTCM HaXO.10K. Oui 
43 TICPBLIX ABTOMOOHIcH MMC UCTDIPe HOTH HW MepecraB.lAd 
HX, KaK UCTRCpOHoroe AUBOTHOe. OANH 43 MICPBbIX TaPOBO308 
HMCcl TIPHBO Ha KY.1HCHLIH MCXaHH3M, yIHpaBlinlics OHM 
KOHILOM B 3CMJHO, KaK BCC1IOM B BOY H.ln UWIecCTOM B AHO. 
Iro — n206percHhaA NO NOApPaKaHHloO, HANOMHHATIOMLNC meH- 
CTBUA O6C3bSIHHI, OcraBlict Yepe3 NpyA 3a BOOM M3 Haka, M0 
nouBbluke. Fispectio MHOro Ha00pereHil!] — HaxOfOK, KONA 
OWwnOKa B 3AaYMaHHOM Tipomecce MpHBOAWa K HeOMKHAaH- 
HbIM XOPOUIMM pesyabTaTaM. O/.HaKO H300peTCHHA HW OTKPbI- 
THS Meares We CTOJbKO ITYT@M 9YKCHCPHMCHTAAbHBIX TMO0- 
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HCKOB, CKO.IbKO «BbLLYMBIBaHHeM» IPH HaNHuHH Hacrositejb- 
HOH HeEOOXOAUMOCTH. 

Ecm y yesnoseka 60.1HT 3yO HM He aeT eMy noKos, Gomb- 
HOH Meu4eTCH OT 60H, OH COBCpIlaeT Maccy BHXxKeCHHH, He 
HMCIOWWX HH Waa, WH empca. Ees xuBotHoc XOUeCT BDBI- 
PBaTbCA M3 KJI€TKH, OHO COBEplaeT TakOli 2KeE OecnopaOUHbIi 
H HACTOHUMBbIN MOMCK BbIXOJa. OHO 43 XaOoTHYeCKHYX IBH- 
*%KCHHH, HIN UX KOMOWHAILMA, MOET MPHWBeCTH K 2Ke.1aeMOMY 
pe3syJIbTarty. 

Ecvv w300petateib Han YYCHbIH TOPAT *KeslaHHem PeWIHTb 
HCKOTOPy!O 3aayy, TO 3TO HeOTBH3HOC xKeTaHHe YaCTO He 





Puc. 9.28. Tlapono3 cucte Mot Bpymrona nenoabs yer 
Bb KaveCTBC ABHKUTCAA KYJINCHDIT MeXaHH3M, yHpaio- 
IMMHCA KONUAMIt B NoOYBy HanogoGue Hor *K UBOTHOYO, 


‘AdCT MOKOA HE MeHbUIe, YCM 3y6Has Gob. Ue.topex, )a3MbILI- 
JIA, TepeOupacT B yMe 6e3 onpereneHuBrx M€TOOB H IWwlaHa 
BCIO HHMOPMallnO OTHOCHTCABHO HUTCpecyiomlero ero mpet- 
Meta. PaHo uM no3aHO OH HaTbIKaeTCA a pewmeHue, ordpo- 
CHB NpeCABaPHTebHO MHOFO BapHaHToB. DMouuonaapyas ycta- 
HOBKa — 2Ke1aHHe HaHTH PeWeHHe — 3acTaBJIAeT eFO OTMCTHTb 
6.1aOlpHATHYIO HaXOAKY, OOPaTHTh Ha Hee BiNMAlHe H OCTa- 
HOBHTbCA Ha Hen. Bnocezectauu nytb xk PeCHICHHIO aHaJornu- 
HOH 3aaun yxe He Oyget croub H3BHJINCTBIM. [lamatp mo3Bo- 
IMT BOCCTAHOBNTh KpaTyaHuInit WyTh K WeJH. 

OTOT MCTON, Ha3zbiBaeMplit MCTOXOM I1po06 MH OUHOOK, B O6- 
WeM, OAUHAKOB H MIA MAKHBOTHOFO, NbITawllcroca BRITTH H3 
KJICTKH, if MIS YYeHOTO, OTEICKHBAIOILCTO, HampHMep, HOBBIT 
MAaTCMATHYCCKHH alnapat ‘1a peuenus aOcTpakTHOH 3anauH. 
Pa3HbIM ABIACTCH TOJIbKO Matepuau., 

TpopyectBo ecth pelicune HoBos SaqauH, mocTaBuleHHor 
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aHeuuel oOcTaHOBKOH, McCTOJOM movcKoB H HaxoAoK. ITpa 
9TOM BaxKHYIO pOIb UrpaeT BHHMaHHe. Korda 9kcMepHMecH- 
THDOBAHHE C PCAIbHDIMH OObCKTAMH 3aMeHACTCA B MNpPOUecce 
TBOPYCCKOFO PasMbIULICHHA  YNOPSJOUCHHBIM HTH 6ecnopa- 
TOUNbIM WepeOupallveM 3aaCeHHbIX B NaMATH OOpa3oB, T10- 
HATHIT— TOUHee HX H30@OPMHbIX H300paxKeHHH B Bie CHT- 
HaJIOB HePBUbIX BOSOYKACHKH — BHHUMAHHe ABTOMATHYCCKH H 
6ecco3HaTC.IbHO OCTAllaBNBaeTCA Ha TeX CHPHAIbUbIX ONHMCa- 
HHAX COObITHH, Ha TEX HeHX, KOTOPble WaloT pelleHhe 3aMadH 
WH ee YACTH. DTa UCBOMbDHAA CPUKCAWHA BHAMAHHA SABIACTCH 
HeNPCMeCHHbIM YC.IOBHeM ycliexa. 


Ounako TOT 2#Ke caMbili (pakT — HCBO.IbHOe (PUKCHPOBAHHe 
BHUMaHHS Ha CaMOM BaxKHOM-—-MOKeT MOPOH  COCJIYIKHTb 
mypnylo c1ya6y. Jlocrarouvo CcKa3aTb, UTO TCXHHKA LHPKO- 
BOrO HCKYCCTBA QOKYCITHKOB (HWJJHO3SHOHHCTOB)  OcHOBAIIA 
UMCHNO Ha 9TOM SBJICHHH — H€BOJIDHOM JIA SpuTCIA cocpe- 
JLOTOUCHHH BHAMAHHA Ha TOM, 4TO WpewcTaBsmeTcA CaMbIM 
BAaXKHBIM B MpPOMCXOAAMLeEM Ha apeHe H YTO B JeHCTBHTEJIb- 
HOCTH SIBJIMeTCH IPH€MOM APTHCTa, HallpaBJIeCHHbIM Ha OTBVJIE- 
YeHHe BHHMAHIIA OT JICHCTBHT@IbHO BaKHbixX JWI pe3sy-IbTatd 
(bokyca eHcTBHH. | 

Takue Ke «“(POKYCHI® MPOACIbIBAeT HHCTHHKTHBHOC COCpC- 
MOTOUCHHS BIIMMaHHA Ha «CaMOM BayKHOM> H 6¢C3 MIOMOUIM 
tpoxycuuka. Muorne mpeapaccyaku H CyeBepHa HMClOT HMCH- 
HO Takoe Mponcxo*KTenne. CopimayeHuA «IpHMeT> HIM CHOB 
C BAXKHbDIMH COObITHAMH, OCOOCHHO C HeCUaCTbAMH, MNPHBJIe- 
KaloT K ceOc BHUMaliie (uacTo GOo.1esHeHHO BO36y2KeHHOe) 
Mu Hanoro ocraiorea B mamMsatH. Hecopnazenne kak @akT, He 
HMCIONLUH 3HAYCHUS, HC MpHB.ekaeT BHHMAHHA 4 3a6bIBaeTcA 
HH Mpocto ne 3aMevaeTcH. OObeKTHBNAA perncTpanua MNpA- 
MCT H COObITHH 10380.IneT OOOHTH CPOKYCbI BHHUMAHHA H CTPO- 
ro yCTaHaBJIMBacT OTCYTCTBHe B3aHMOCBA3H Mex Ly MPHME- 
TAMH, TpCAYyBCTBHAMH H COOBITHAMH, HMH <lIpeACKa3blBae- 
MbIMH»>, EcTeCTBOHCHOLITATC.IH JOJKHbI OCTOPOAHO IIPHMCHATB 
OObEKTHBHBIC CTATHCTHYeCKHe MeTONb, MaObl u36e*KaTb Cepb- 
C3HbIX OWHOOK H-3a6.1y*K LeHHM, O6AZaHHDIX OOLCKTHBHOMY He- 
COBCPUICHCTBY YeNOBCUECKOH TICHXHKH, KOTOPOe, O-AHAKO, 
B APyrHX CAyYaNX ABIACTCA HeCOOXOAHMBIM. 

HecomuecHHo, uTO MONCK WM Haxo*wKenne HanJyyulero pe- 
WICHHA, MCTOX mpo6 H OWIM60K, MOXKeT ObITh 3a102%KeH B Ma- 
WIHHY, HB 3TOM CMbICJIe akT TBOPYeCTBa B MpHHWANe MaulHHye 
He 4YKIL. 

Cnoco6uHoctb K PasMHOPKCHHIO HJIM Ca4MOBOCIIPOH3SBCHeCHHIO 
peskO OTMHUaeT CYUICCTBYIOWMe CerOMHA MAUIHHbl OT 2KHBbIX 
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OpraHH3MoB. OHako B mpHHunne BO3MOXKHO CoO3jlaHHe Ma- 
WIMHbI, KOTOPaA caMa cosnaBaja Obl ce6e nowzo6nyw. Jing 
STOTO, pexze  Bcero, HeOOxoAuMO MPC€HOCTaBHTb MawulnHe 
CPIPbe HIM NOaypa6pukath, KOTOPbIe OHA AowKHA Oy net 
MCNOMB30BaTb WIA TOCTPOeCHHA HOBO; MallHHbl, 10706HO Tomy, 
KaK XKHBOTHBI€ HCNOb3YIOT CAOKHIE OpraHHyeckHe Belte- 
CTBa, BXOAAUIMe B cocTaB NHU, QWIA CHHTe3a TKaHelt 6yy- 
ulero opranusaMa. [py YCOBHH, CCM MaliuHe 6yxer nocrap- 
TATBCA B HYXHOM KOJM¥eCTBE «nHIIay B Bune Panuonamn, 
TPOBOZOB, MOTOpOB, (oTosmemeHToR y Tak fasjee, wu mpu 
YCJIOBHH, 4YTO CaMa MaurlnHa OyneT OOnanath NOcTaTouHon 
‘TORHOCTLIO CTPYKTYPbI Hu GoratcTBoM PyHKuUua, Mauna 
CMOKET CaMOCTOATebHO NOCTPOHTb HOBYIO MaluuHy, KoTo- 
Paw, B CBOIO O4epedb, eCIH OHA He «“YMPpeT OT Towoza», no- 
CTPOHT CJIeMyIOllyIo HY TaK Aayee. 


Crporoe noka3atenpergo STOH BO3MOXHOCTH 6ELIO TIpo- 
BEHeHO MaTeMaTHKOM JI xKOHOM (hou Heitmaxom, KOTOPBIM n0- 
CTPOW MaTeMaTHYecKyIo MOeub ycTpOHCTBa caMopa3MuHo- 
KarouleHca Maun. B onucanuy ou Helimana Kangana 
AeTaJIb MalvHbl 3aHHuMaerT STEMEHTADHYIO M¥eHKY npocTpan- 
CTBa, YTO NMO3BONeT cBecCTH Salauy K reoMerpuu. VMenounp- 
3YIOTCA TPH BUAa SICMCHTOB Malluny: JIOTHYECKHE HJIH KOM- 
OHHUpyioulHe SIEMCHTHI, MPOBOAAMIMe 3eMeCHTHI HY ACNOJIHH- 
TCJIbHBIe SeMeHTHI. Tlepsuie HMHTHPYIOT HEHPOHbI XKMBOTHBIX, 
BTOPbl€ — HEPBHbIe MpOBOLAUIHe NYTH, NOCWe€qHHe — MbILUUBI 
H MKeJe3bI, 

Jloruuecku snemeyTt monenu HM€CT BO3MOKHOCTb mMpe- 
ObIBaTbh B pa3JINYHDIX COCTOAHHAX, KOTOPbIe MOryT MeHATECA 
BO BpeMeHH. Bpema, Kak vy MPOCTPaHCTBO, KBaHTOBAHO, T.e. 
pasOuTO Ha WHCKpeTHBIe YYaCTKH — <IMKJIbI>. Cocrosune auie- 
MCHTa B 1aHHOM UHKNe 3aBHCHT OT COCTOAHHH ero caMoro u 
COCTOAHHH COCeMHHX 3eMeCHTOB B NIpeTbIIyIHe WnKpl. Co- 
CTOAHHE JIOTHYeCKHX 3CMECHTOB MOXxeT Me@PpeLaBaTbea Mo ie- 
VAM MPOBOAAIMHX SCMEHTOB K HCHOAHUTeCAbHLIM 3JICMeHT aM. 
McnowHuTeabHbre SICMEHTHI BO3RelicTByIoT Ha OKPy XK aloulne 
HeTasu (Cbipbe), Bbi6upasn HY*HbI€ HW COCNHHAA WX B CxXeMBI 
B COOTBETCTBHH C NOJYYaeCMbIMH CHrHaaMu. 


Hexornyio uadopmanmio MaulHHa NOJyuaeT oT Mporpam- 
MBI, 3aNHCaHHOH Ha CepHH 3vIeEMeHTOB MalluEn H 3aHUMalo- 
UleH YacTb O6ulero o6bemMa MaulvHbl. B mporpamMe MOryT 
ObITh 3aNHCaHb! JMOOLIC BO3MOKHBeE onepalun Haq Weraaamu, 
OKPY*KalouluMu Malinny (Han cbIPbeM). Coracuo mporpamMe 
MallwHa MOKeT coOpatTb s106yI0 BO3MOXKHYIO Cxemy. Jing 
TOrO YTOObI MaUINHa BOcnponsBOaHa cama ceOa, MocTaTouHo 
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3aHCaTb B TporpaMMe cOopKy TaKkoli »%Ke MaUIMHbl, Kak 
ACXOLHaS, KOMIpoBaHne UporpaMMbl, wWepe ayy KONHH IIpo- 
rpaMMbl WoBOTL Mawyie H 3anyckK CC B paodoTy no mporpaMne. 
B pesy.ipTate, mpomecc CAMOBOCIPOH3BeACHHA OyAeT NMOBTO- 
PATLCH AH NPOLO.VKATLCA AO TCX TOP, MOKA NBATHT CbIPbA HelH 
MOKA PasMHOMUBIINCCA MaWHibl IC BOHAYT B KONMJIAKT py? 
¢ MpyroM, H#auaB MCwWaTb pyr Apyry CHHTC3HpOBaTb HOBHIC 
MaUIHIIbI. 

Ilo noncuctam don Hefimaya MHHHMAa-IbHOC MHNCTO 3,1¢- 
MCHTOB, HCOOXOAHMOC ILIA MOCTpoOCHHta CAMOBOCIDOH3BOAA- 
ULCHICH MalLUIHbl, COCTaAB.IHeT OKOMO 900 C00 (oxo.10 50 000 3.1e- 
MentoR caMoli MaluHHpl Hw OKOIO 190 O00 2 1CMCHTOB IH 3a- 
mich TporpamMbl. Moetb CAMOBOCHPONBBOAMILCHCA MaATIIHIT bl 
(bon Helimana mo cpocii CXeMe BO MIOPOM CXONA C BOCTPOHS- 
BCMCHHOM OKURON KACTKIL TPH eC Jelena, TIporpamMa Mallil- 
Hbl, KOTOPA KOMUPYeTCA UB KOU Mepe tacts HOBO! Male, 
HanoMutlaey HaGop XPOMOCOM KTCTKH, OMPeLe-TAIOLLUX, B OO- 
lleM, CTPoecHHie HW PasBuTie CAMO KeLeCTKIH. 

Virak, cBolicTBO CaMOBOCTPOH3BCACHHA Hel pa3MHOAKCHHA 
He “UVATO MAUlHHC, XOTs 6nt B Wpunune. Jlo cero BpeMCHH 
CAMOBOCHPOHSROANULHCCH = MalHHbl HC Op pea. TH3O0BaHbI. 
B stom He Gbieio HCoOXOAMMOCTH, Tak Kak NPakTHUeCKOTO 
HpPHMCHCUHS TAKHC MALIHHDI celiac, IO-BHiMOMY, He Haus 
Obl, a NPUUWNIHaIbuan cTopoHa BONpoca yocTaTOuHO acHa H 
RB MaTemMaTHUeccKOH POPMY-HPOBKe, 6e3 pcaimsallNn. OANAKO 
HEKOTOPHIC NPakTHUCCKHE paoorbl MPHKIaNoro XapakTepa 10 
ARTOMATH3AILHH MPOUSBOACTBA HeNOcpCACTBCHHO TIP MbIKaloT 
K KDPYyry BOMpPOCcOB, CBAZAHHBIX C CaMOBOCIIPOH3BOASINH MUCH 
cucremaMH. K uncay TakUX paboT OTHOCHTCA, HalpHMep, c03- 
NAHHE MOsMIOCTbIO ABTOMATH3HPOBAIHOTO wexa Id MpoKn3Bol- 
cTBa PaaHoarnapaty Pb. 

Llex-aBroMat cHaG2KeH ABTOMATHMCCKH ME CTAHKaMH, aBTO- 
MATHUCCKHMH H3MCPHuTC-IbHbIMH yeTpOHCTBAMH, OCYHLECTB.AAIO- 
WLHUMH OeCpalnH KOHTPOTH H 6pakOBKH, H TpaHCNOpTHbIMH 
ycTpoHcTBaMH. CraHkH H KONTPO.Tbitble ycrpolicTBa CBA3aHbI 
upyr c pyroM HensMi ynpaBdcHHA Hi o6paTHOnw CBA3H. ITO 
TO3BOJSICT A@BTOMATHYeCKH TOATepKABAaTh DOKUM  padoorTbl 
ABTOMATOR, COOTBCTCTBYIOMLNH MHHUMaslbiioMy Opaky H31C- 
JM, 

Kaok tbl CTAHOK-aBTOMaT MO%KET yipaBAATbcs MWporpaM- 
Moll, 3anucamiolH Ha acHTe, BbltaBad, 8 3ABNCUMOCTH OT CO- 
fepxkauus wporpaMMbl, TOT Wu uHoil BH MpOoAyKuUAH (43 
UNC1a BO3SMOKUbIX). Uactb CTAHKOB HIpOH3BOANT noy(paopH- 
KATbI, Apyrad YvacTh OCYUICCTBATTET aptomaTuyecky!lo COOpKy 
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Y310B H 6.10KoB. B_ nporecc COOPKH BXOAST TaKxKe onepa- 
HHH MPOM€KYTOYUHOTO KOHTpOA 4 YUPaBJIeCHHA C MOMOUIbIO 
OOpaTHolt cBa3u. 

Pa6Oota Beero mexa KOOPAMHUPyeTcH OOWIMM BLINHCTHTeCD- 
HbIM YCTDOHCTBOM, paGoTalolluM to HCKOTOPOH rcHepa.bHor 
mporpaMMe. [lex pplgaer NPOAYKUNIO THA PaMONpHeMHUKoR, 
TCCBH3OPOB WH APYTHX 3JIeKTDOHHDIX YCTPpOHCTB 6e3 BecH- 
KOrO yuacTHA B ero pa6oTe yesoBeKa IpH YCJlIOBHH TMTaHHA 
SHeprueH HW ROOpokauectBeHHpr CbIDbeM. 


ITpeumMymectBom taxoij CHCTEMBI ABTOMATH3aUHH ABJINeTCA 
ee Oombulad ru6KocTh. MoxKHo 3a KOPOTKUM CPOK nepectpouth 
CX Ha BbINYCK HOBOTO H32@.1HH, H3MeHUuB IPOrpaMMY yiipas- 
‘THOULCTO YCTPoucTBa. OHO Bpema B MeuaTH NY OJINKOBaJINCh 
PCSYAbTaTbI 3IKCTEDHMCHTaJIbHbIX pa6or to aKentyatannu 
noO6Horo uexa. It paOorEl Lalor HeKOTOpoc IpeAcraBsenue 
O BOSMOXKHOCTH PeaJIH30BaTL MOEA ou Helimana, ec.iw 6p 
NO KaKUM-IN60 MPHUMaM 3TO OKa3auOcE *KETAaTe.TbHbIM., 

K cka3aHHOMY BDI 0 Pa3MHOXKCHHH MAaIIHH MO*KHO O- 
OaBHTb CLG HCCKOJIBKO cuOB. Moxkyo 3amerutp Da3.IHUHA 
MCKIV MOCbIO CaMOBOCNpousBOAAUelicg Mauldlibl WH XKHBDBI- 
MH OPrauH3MaMu. Orn pa3zainuns HAYT NO XBYM HanpasBuie- 
HHAM. Bo-nepBblx, opraHu3M He ABJACTCA (PUKCHPOBAIHOL 
CTPYKTYpoH. Ero crpoenue u (PYHKUHH HeEMpepEIBHO MeusioTca 
HO Mepe pocta, pa3sBuTHa opraHu3Ma y HaKOIJICHHA HM OMDbI- 
Ta. Mautuna xKe He 3amenser CBOHX COCTABHbIX YacTeli, He 
YBOHUNBAeT HX YHCIa, B Hel OTCYTCTBYCT <OOMCH BeLLeCcTBo, 
NOTH CTPykTypa ee B mpomecce padorsl H€COMHE€HHO Ipetep- 
NCBACT H3MCHCHUA (KOMMYTAILMA 9.10¢eHTOR VUP aB.IsSIOULUM 
YCTPOHCTBOM), Bo-BTopprx, MalnwHHa, B OTJIMYUHE OT >KHBBIX 
CYILeCTB, CaMa ceOe He NOG6bIBaer “NHUIM>, T.@. ChIDbA, HU, Ta- 
KHM OODa30M, He MoxerT CYULCCTBOBATL CaMOCTOSATCIbHO, 6e3 
NOMOILH UCIOBeKa. 


O6a yoomMsuyrpix Pa3/IHYHA HMEIOT OTHOCHTC.IBHLIE Xapak- 
Tep H MoryT ObiTb, To Kpalincti Mepe B TIPHHWAMe, CBe-LeHDI 
K Hy. BenoMuyg apromatuyecknit ex patnoxetraleh u 6.10- 
KOB, J@rKO MpekcTaBHTb ce6e, Kak TaKoit eX MpoOusBosut 
SallaCHble Y3ibl H OJIOKM WWIa co6crseHHoro yp aBIalouLero 
YCTpOHCTBa H 3aMeHseT uuu BHIMIENINHeE H3 CTPOA UH TON- 
KMOWAeT, B Cyyae HeOOXomuMocTH, AONOJHATeIbUbIe 6JIOKH 
(HanpuMep, yBernuHBad O6beM naMstH). Tlo-BuaquMoMy, Ma- 
WHHA C NOMOILbIO aBTOMaTHUeCKOoro WeXa, CTAHOBHTCA cno- 
COOHOH K perenepalun 4 pocty. 

to Kacaercs C4MOCTOAT@IBHOrO §=OObIBaHUA = MaLtHHoft 
CBIPbA, TO, MaKe He o6cyxKAaA 9sTO; BO3MOMHOCTH (KoTOpaa, 
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oHako, He MpeAcTaBneTcAr 3apaHee HCKOYeHION), c1eLVeT 
(pa3y 2Ke 3aMeTHTb, UTO HE TOMbKO MAlWlHHbl, HO H AKHBOTHBIC 
He CHOCOOHDI CAMOCTOATCAbHO oOecneuuBaTb cebe Bce WeoOxo- 
MUMbIC Wd SKUSHH BeilectBa. O6s3aTCIbHBIM YCJIOBHOM *KUS- 
HH OKUBOTHDIX ABIIeTCA HaHaHe pacTeHHl, KOTODHIC cy Kat 
HM nuptell. TouwbKO pacTeHHA, Kak H3BeECTHO, CTLOCOOHbI CHHTC- 
ZHpOBaTb OpraHnyeckue BelleCTBA H3 HCOPTaHHecKHX, He- 
MOMb3VA ZHEPrHlO COJIHeUHOTO cpeta ((poTocuiTes). JK UBOT- 
ple He cmocoOub! 3TOTO CHeaTb H NOTOMY MOJDKHbI WO.TYdaTb. 
TOTOBbIc OPraHhyecklie BeULecTBa, Toeqad pacTeHHA HH APY- 
rux okupoTupix. MoxkHo, TakKHM o6pa30M, YrBCpALaTh, UTO 
KHBOTHBIC MOryT CYULECTBOBATb TOVIbKO 34 cueT 2KH3HeNeH- 
TCAbHOCTH pactTeHitit nomo6Ho TOMY, Kak MalHitbl MOryT 
noaydaTh ChIpbe Wid pasBuTHA H «PaSMHOMKEHHAY TO-IBKO TIpH 
yCJIOBHH CYULeCTBOBAHHA H JLeATEJIDHOCTH YeOBCKA. 


Tlo-BUHMOMY, OTMeueHHbI!e BbDIMEe OTAHYHA Mali OT 7KH - 
BOTHbIX HC ABUIAIOTCH KOPCHHbIMH. 


OGs1amaeT JM UeJIOBeK «ecpobonol Bou»? Muaue roBpops, 
CBOHCTBeHHO JIM WeJIOBeKyY XOTH 6bl nHHOTAa, B OTJHYHC OT 
aBTOMaTa, BbIOHPaTb TakoH o6pas3 mencTBull, KOTOPbIM HE 
onpetedsercsa OTHO3HAYHO H (baTaJIbHO CIOVKUBUICHCH BHCHI- 
Hel cuTyauneli? HecoMHeHHO, HeJIOBCK cnocoGeH MeHCTBOBATE, 
“He CAMUIKOM PeKO, BOTIPeKH Y3KO HOHHMAeCMbIM 9FOHCTHUC- 
CKHM HMHTepecaM. Tononuplt oH cnoco6eH Ae1KTbCH C TOBA- 
pulleM, cmocobeH MOrnOHyTb pad cmaccHHa Apyrux H TA 

Spisetch IM, OAHakO, Takoe MoBeJeHHe TeHCTBUTeCAbUO 
-cROOOTHBIM>, T.€. He3aBHCHMBIM OT [el MIpHyHH H Ccwed- 
oppufi? Ec Mbl ZOMOJHHM Halll BoNpoc H CIpOCHM, MOZKeT 
TH WeNOBCK ACHCTBOBATb HC3aBHCHMO OT CAOMUBUICHCH BHEH- 
Heh Ho BHYTPeWHel o6cTAHOBKH, MOHHMasd TO BYyTpPeH- 
Heli OOCTAHOBKO!N BCCb OTIBIT, HAKOMMCHUbIT B ero WwaMATH, 
H TIPHpOANbIe KauecTBAa, TO OTBCT, HECOMHCHHO, OyWer OTPH- 
uatempHbM. IIpupoanpie kKayecTBa WHDZUBULVYMa TIDMYNHTO 
OOYCOB.ICHBT. TIpno6perenuple HM MOHATIA, QHaHHA, CKIOH- 
HOCTH ABAMOTCA KOWCHHBIM 3BeHOM TIPHMHH H ceCTBUH 
B HCTOPHH ero CYILeCTBOBANHA. Vi ecw OH MOMKeT TIPWHHMAaTD 
pelieHHsa O CBOUX NOCTYMKAaX B COOTBETCTBHUH CO CBONMMH 2KC- 
WalHaAMH, BO WKeTAHHAX CBOUX OH HC BlacTCH, OH C He- 
YMOJHMOCTbIO 3aKOHA NPHYMHHOCTH muktylorca CYMMOH BHY- 
TPCHHHX H BHCIUHHX MPHUITH, Ecnu 2Ke UuTaTeIb 3axOueT 
WOKa3aTb MpOTHBHOe, HapOuHO COBePIIATh «cBOOORHbIM>, Oec- 
IPHYAHHEIH nocTymoK, TO OH ITO chedaetT MOTOMYy, UTO eMY 
9TO HABEAHO WKeMaHHeM BO3PasHTb. ‘ 

«Vines feTepMHHH3M4, YCTaHaBJNBaA HEOOXOMMMOCTbh We- 
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AOBeUCCKHX NOCTYMKOB, OTBeprad B3OpHyto moOaceuky 0 cBo- 
Oowe BoM, HUMaNO HH YHHUTOKACT HH pasyMa, HH coRecTH 
YCJIOBEKa, HH ONCHKH ero ReHCTBUL» *, 

Tak Ha3bipacmag «CBO6GORa BOWTHD ecTE HJJIO3HA, NOpoxK- 
ACHHaA, C ONHOH cTOpoHn, HeOO03PpHMbIM Pa3HOOOpaznem 
TPHYHH, HACTOAULHX 4H HPOULMIbIX, KOTOPble ONpezeisor mope- 
ACHHe YeNoBeKka, a c mApyrof,— OrPpaHHYeHHOCTbIO = oObbema 
BHUM4HHA, HE NO3BOJIAIOWero YYECTb BC€ 3TH NPHUHHbI OLHO- 
BpeMeHHO. T[loxco3natenpyag ACATCAbHOCTh MO3ra HecpaB- 
HeEHHO Ooraye, yem COSHaTeIbHad **. Uro6nr nonaty 3TO, J1O- 
CTATOYHO MPeCTaBHTbh ce6e, Kak MHOTO MbI MOrIM 6b BCnOM- 
HHTb (akKTOB, oO KOTOPBIX P€XKO BCHOMHHaeM KOTOpbIe m0- 
CTOAHHO XPaHATCA B NaMATH BHe cDepbl BHHMaHug. 

MauivHa He HCIBITBIBaCT 9MOWNH, H RelicrBus” MaIUHHbI He 
CBASAHBI C ee COOCTBEHHOH nomb3of. Brevataenua peakiun 
4eJOBeKa BCCra IMOWHOHAbHO OKPalleCHbI H HMeIOT B Buy 
coOcTBeHHBIe HHT€peCbl, SrOuCTHYeCKHe B INHPOKOM CMBICvIe 
9TOro c0Ba. (Ec ywenopex 1P@aBHAbHO BOCNHTaH H MODaJIbHO 
3A0POB, ero coOcrBeHHpie HHTCPeCbl OKAKYTCA cOUnabHO 
OOYC.OBJICHHBIMH 4 ero “STOH3M>, B Hallem NOHHMAHHH, Cco- 
CTOHT B co6sOTeHHH HHTEPeCOB KOJIICKTHBa.) 

OMOUXMOHaIbHag OKPaCKa TeECHO CBA3aHa Cc «STOMCTHYECKH- 
MH» HHTepecamu HHTMBUAYYMa WH ABIAeTCA HemOcpencTBeH- 
HBIM KPHTepHeM (O4eHb YacTo HEOCOSHAHHBIM) IK BbIOOpa 
PpeakuHv. Qmownn, IPC ACTaBJIAOMNe, TakKHM o6pa3om, HeKko- 
TOPLIH PYKOBOAAULNT IPHHUMT NOBCRCHHH, ABJIAIOTCH TeM He 
M€HC€ MpPONYKTOM eaTerbHOCTH PHorenetuyecky JLPCBHUX 
MO3POBbIX HeHTPOB, T. e. oOpa30BaHHl, HMeloulnxcs y Bcex 
7KHBOTHBIX. Tlosapsreune SMOUMH, NO Kpatinelj Mepe HCKJIO- 
YeCHHe BJIMAHHA UX Ha NOCTYNKH, ABJACTCA YepToH uncro ue- 
JOBCYCCKOH, O6s3aHHOT Kope TOmMOBHOTO Mosra. Y yeyopeKa 





* B. WM. Jlenuu. Cou. T. 1, erp. 149, 

** TlowrBep KnenHem TOMY CJlyKar cayuau, Korgg Pa3JIHUNbIe 310,10 
B CXOAHOH OO6cTaHOBKe, Rencraysa «CBOOONHO», mocrynajor ONHHAaKOBO. 
JIIOMM CXORHHIX TCMM€PaMeHTOB, MOTO KHBYILHe HAH paOoratoulne Bmecte, 
HHOrla, He CroRapuBasncs, OAHOBDEMCHHO HaunHalor OAHY H Ty Ke cpasy. 

bobuio Kaace moze ONMHA@KOBO peulaer CieAyoulyio 3anayy. Ucnai- 
TYCMOMY JIA OTBIeEVeHHA BHAMaHHA Mp@laraioT BecTn cuet, wa3prBaa 
TOKO YeTHbIe “Hea, B NOPAAKe WX BO3pacTaHHsa, Hay 4HCJIa, KpaTHbie 
TpeM. Oxrospemenno, ve NpPeKpalltad cueta, emy npenmarator ObICTPO Ha- 
SBaTb NOMAIUHIOIO NTHLY, YacTh Hua, Ppykt, pycckoro nosta. B KauecTBe 
OTBCTA B NOAABJIAIOWeEM OObLINNCTBe CYUaeR OKA3bIBaloTcA CTE 7 YIOUHE: 
KYPHua, HOC, #60K0, TlyuKun. Hcnityempiit 6nrpaer HeEH3MeCHHO HCKkpeuHe 
YAHBJCH, KOrya eMy NOKaSbIBaloT OyYMAXKkKy, Ha KOTOPOH 34apance nanucaHnl 
ero onpeTh (6yMaxy oty Paau sexta kvaayr mon ero anOHb TO Ha- 
yajla ombita). 
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CHIbHBIC 9MOWUHH NpomBelsoTcA HHOrAa B BHC HCNPOH3BO.1b- 
HbIX eHcTBuH, He HMCIONIAX OUeCBHIHOrO XapakTcpa OuU010- 
rHuccKO IeieccooOpa3HOcTH (cmex, Tiau). OvHAaKO B 1esIOM 
HampaBenHe  MOCTYTIKOB, py KOBOJ[HMbIX 3MoTLNCH, XOTA H 
HYAK TLaeTeA B CCPbe3HbiX NompaBkax CO CTOPOHNBL pasyMa, Bce 
ce HMeCeT TCHTCHIHIO K OOeCTICUCHHIO O1arouossyuHA WHAM- 
puntyyMa. MW ecm Mauluny, CHaOAKCHYYIO HCMHOHHTCADHBIMH 
MOXAHH3MaMH, MOKHO 3anporpaMMUpObaTh Tak, UToObl olla 
cama ceOs pa3pyliatda, TO UeTOBCK C HOpMa-TbHOH HCHXHKOH 
oxpaHsercs OT NomoGHOrO MOBeAeHNA OTPHILATCAbHBIMH 3MO- 
INAMM crpadahia. Cayuan camMoOnucBalHa WH CaMOWCTASAIIT) 
Ha Tloune pe.lurHosHoTo PanaTusMa OTHOCATCH K YHCAY WaTo- 
NOrHUCCKHX, HO Wake B NOHOOHDIX CYYAAX UCTOBCK HCMMbITDI 
BacT HOOPOBOAbHO TIPHUHHACMOE cTpamanHe TOMbKO pad 
nooo NoustToro «BbIcuIero O.1ara>. 

HecowicHHo, Obl1o Obl OUeHb HATePecho HaOMoTatb pa- 
6oTy Malunibl, KOTOPOH CBOHCTBCHHbL BHCLINHE NPOAB-1GHA A 
QMOILHIi, MAallHHbl, KOTOpad padotata ObI TO C HXOpa/LoulbIM 
HObeMOM, TO C MCATAIXOJHYCCKOH MCAAUTCbHOCTBIO B SA- 
BHuCHMOCTH OT ycrlexa cOOCTBCHHOH ACATC.IBHOCTH WH WP -Lta- 
racMBIX 3afau. Bpag au, Bipouem, 9T0 yAlyUldH.to Obl 9KC- 
nlyaTauHOHHble KauecTBa MalIHHb! Kak moie3Horo Opy-AHA. 
[lyr peasnsaiin TAKOrO 9KCHeEPHMEHTA elle HE BITOJINE ACHDI. 
C yrumitapiol TouKI 3peHHs Pp page gallat oT MalIIHIbI 
Tpe6yloTcs! HCKOTOPbie cROHCTBa, MOOOHbIC 7KHBOTHOMY 9f0- 
W3MY, O%NAKO Oovice WIHPOKHE. B pxame 3amayu (HeKOTOpbIC HS 
HHX ONHCaHbI B CedyIouler riape) MalluHe HCOOXOAMMO BbI- 
SpaTb pcuIcHHe, ABTAIOMLCCCA ONTHM@JIbHbIM B CMbICAC BbI- 
NOJHeHHA HeKOTOPOTO KPHTCpHy. Jror KpHTepHH He o693a-— 
TCMbuUO «3TOHCTHYUCH, T. €. ycTanHaB.lnBactcn We HCXO1A u3 
«HHTepecoB» CaMOH MAalIHHPI. VcranopleHwe KpHTrepua MOACT 
6bITh NOpyyueHO caMOH MalHHe, HO ONATD-TaKH MPHHLl Bol. 
Sopa NO.TKeH ObITb B Hee ganoxKeH H3BHe. MoxwketT IH Tako 
NPHHILWM MOABHTbCA y MaluHip! CAMOCTOATEJIDUO? 

YKyBpie OPraHv3MbI, OT npocTeHwHx 10 BBICLIHX, o06.1a- 
qaloT TaKHM TPHHIUAMOM yCTaHOBNeHKA KPUTCPHCB ie.1eco06- 
pasHocTH. OTOT MpHHANT MOXHO, 10-BHAUMOMY, CCPOPMY-THPO- 
BAT Pas THU4HbIM OOPa3som, HO ObULHT CMBIC ero CBOANTCA BK C9- 
xpaHeHHio Ono.1OrHyecKOro BULA. 

Hajuuve Takoro pofla «BHOBOTO SFON3Ma» Vy XKHBOTHDIX WH 
orcyTcTBHe ero y Matlin mpecTaBseTca Ham eCTECTBCHITbIM 
pasiuunemM McCay HAMH. K BO3MOXKHOCTH TOIBICHHA SITO- 
H3Ma» Y TEXHHNCCKHX CHCTCM MBI elle BepHeMCA BMT Vy: 
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HMPA 


B mpouecce pa6oTn mMauuyy MOryT pellaTb w4 peuraioT 
PasHooOpasHble no XapakTepy MaTeMaTuyeckne wu sornue- 
CKHe 3anaun. Yesopeyeckue cymlectBa B Mpomecce cyulectBo- 
BaHHA, HHIMBUNYabHOTO HAY KOJJIEKTHBHOPO, PaluHOHaAbHO 
Pearupylor Ha BHeLIHIOIO OOcTaHOBKYy, mpucnocaéanpasnch 
K €€ H3MeCHCHHIO H H3BJeKad 3 BHEeIIHero OKPy*XeHHa Heo6- 
XOHMbIe IWIN CYULeECTBOBaHHA BeulecTBa, SHePrHiO UH HHop- 
MallHio, Peakwua Ha BHeUIHIOI0 OOCTaHOBKY TaKxe Tpe6yer 
PeWeHHA 3aqay pasIM4HBIX THOR. Uacth stix 34a, Kak MbI 
YRE BUACAH, MOKET ObITh NepeoRKena wa MI€4YH MAlWHHBI. 

H3 Bceero pasnoo6pa3us PelWaeMbIX YeJIOBEKOM 3a1au MBI 
OCTaHOBHMCA NompoOuee Ha O.HOM THII€, OT.IMYHOM OT TIpo- 
YHX, TpeOyiolleM NpHHUANHabHO OTJHUHOTO HONXONA HK TO- 
My Ke "pesByiyalHo pacnpoctpaneHHom y BayKHOM, 

Mbt xopouto 3Haem SaNadu, B KOTOPHIX pe3yIbTaT peute- 
HMA ONHO3HAYHO BBITeKaeCT H3 HCXONHBIX MaHHbIX. 3anaun 
STOrO THNa XapaKkTepHbl TeM, 4TO B Hx MOCTAHOBKe Yy4TeHBI 
BCe YC/IOBHA, BIHAIOMHe Ha pesyaBTaT. Oper (PVHKWHOHAaMb- 
HO CBA3aH C MCXONHbBIMH JaHHbIMH. 
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3anaun Apyroro THMa BOSHHKAaWT B TCX cayuanx, Kora a 
pesyIbTaT OKA3bIBalOT BVIMAHHE HeKOTOpble cayuabnbie Pak- 
TOpbl, He Moryline, 10 TEM HTH MHbIM MpHUunnaM, ObITbh TOWHO 
VUTCHHBIMH B YCJJOBHAX 3aauH. Tlpu 3a4aHubix TOUHO YC.TO- 
BUAX 3a7aun pe3sybTAaT NOMYNAeTCs HeOAHOSHAUHEIM. B cyll- 
HOCTH Ppe3yIbTaTOM PciWeHHA 3atay Takoro pola ABJINeTCH 
ye duclo H He PYHKUMA, a pacpereeHue BePOATHOCTCH, 3a- 
maunoe Had, BO3MO2KHbIMH 3HaueHHAME pesyipTata. Ecre- 
CTRCHHO, YTO B HCXOMHbIX WaHHbIX 3aqaun HeyUHTbIBACMbIe 
TOUHO (akTOphl calyyakHoro xXapakTepa TakyKe MOJKHbI 34- 
mapaTbea pacnpeweieHHeM BePOATHOCTEH. 


B Taxux 3agauax cToxacTHyccKoro THNa HaTHHe HeKOH- 
TPOJIMpyeMbIX (akTOpOB He HpensrcTByeT MOTyUCHMIO MPake 
THUCCKH ICHHbIX PC3yJbTATOB, TOJIbKO (bOpMYyIMpOBKa STHX 
pe3yIbTATOB OKa3bIBAaeTCA OT.HYHOH OT MOPMYIHpOBKH Pc- 
3yIbTaTOB 3aad PYHKUMOHAJIBHCTO Tuna: pe3syibTaT PopMy- 
mupyeTcd He WA OAHOTO YacTHOTO cAyuast, a At OosbULOTO 
ucla aHavJlOrH4HbIx cyuaes. B KaxcqOM OTMCIbHOM C.TyYUae 
HH MPH OTAGIbHOM HCHHbITAHHH pesyIbTaT MOKCT OOVIbUTC 
WIM Me@HbINe OTKJOHATbCH OT CpeaHero 3HauCHHA B TY WIA 
mpyrylo cTropouy. 

CyulectByeT Take CHTyauuA HHOTO xapaktepa, Korfa He 
HAXOUAULHeCA MOM KOHTpOeM MakTOPbl MOUTH Bcerfa aot 
HAaHMeHee OarOMPHATHBIK pesyAbTAaT. Ito MpOHCXOMHT B TeX 
cmyuanx, KOTa HeKOHTpO.IHpyeMad yaCTb YC/lOBHH 3a2ayA 
yiipaBaserca He cayuaeM, a pa3yMHbIM CyLliecTBOM — ONTIO- 
HEHTOM, IIPOTHBHUKOM, MHTepecbl KOTOPOTO MIPOTHBOTIOJIOKHBI 
HaLIHM. OTa CHTYaWHA COPeCBHOBAHAA, G6opbObl, BeCbMa Xapak- 
repHa Jia cylUlecTBOBaHHA OTMEIbHEIX OHOJOPHUCCKHX HHA 
BUAYYMOB H KOJIJIEKTHBOB. K stTomMy HeoOxorHMO ele no6a- 
BUTb, UTO OT yclexa HIM Heyciexa & 9ToH CHTYaWHH wacTo 
3ABHCHT MalbHefulee CYIWeCTBOBAHHE HHIHBUAYYMa. 


YuyTbIBAd IKH3HCHHYIO BaKHOCTh CHTYAMMH COPeBHOBAaHHA, 
cnemyeT MOMbITATbCA OTBETHTH Ha BOMPOC: ABTHCTCH JH BOS- 
MOOKHOCTh BEIGOPa MpaBHJIbHOrO MOBE-ACHHA B CHTY alu CO- 
peBHOBAHUA TIpUcylleH TO.TbKO *KABOMY cyllecTBY HN H B 
3TOM cylyuae, KaK H BO MHOPHX Apyrx, Ha NOMOIMLb WeOBEKY 
MOrYT TIpHliTH MallHHbl HM pellaTb 3a Hero 3a;Laun aATYULIe, 
“em oH caM. Bompoc 9TOT BO3HHKaeT NOTOMY, uTO OObMHbIe 
NOTHKO-MaTeMaTHUeCKHe WH CTATHCTHYCCKHE MeTONbI MOAxXO1a 
K peuleiitio 3aauv, KOTOPbIMH MOTYT oMepHpoOBaTb MalIWHBl, 
Kak MpaBzuso, OKa3sblBaloTCA HeENPHTOAHbIMA DIA BLIGOpa T0- 
BOMeHHA B CHTYaUNH COpeBHOBAaHHA C pa3y-MHDIM ONNMOHCH- 
tom. TlocrapuB 3agauy OObINHBIM MeTOAOM, NPHHAB HeKOTO- 
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Phe MpeAnooxeHhAa o AetierBnax NPOTHBHHKAa ii @nenap ii3 
HHX BbIBOAbI, Mbl PelHM 3aayy O Halem NOBeAeHHH, HO pe- 
3yAbTaT Oyaer 3aBuceth He TOABKO OT Hallux nelictBuli, Ho 
H OT WeHcTauij NPOTHBHHKA, KOTOpbIIi, MOCTYNad pPasyMHO 4 
BOTIPCKH HauluM NPCATONOKCHHAM, MOXKET nocTHUY TOFO, 
4TO MbI nowyuHM P€3yIbTaT, NPOTHBONOOXKHET TOMY, Ha 
KOTOPbIM paccuHTbiBasu. 

OucBuHO, uTO Aaa CHTYallMM COpeBHOBaHHA ROoKeH ObITb 
BbIpaObotTan ocobnrit NOAXOR HW M€TORHKa pelwenng 3anauy. Be3 
STOTO HEBO3MOXKHO HH HayuHoe OKasaTeAbHoe 3HaHHe, HH 
HCTIOJIb303aHHE MaluMH. Taxofi (Op Ma1bHO-Matemaruyeckni} 
amlapaT B OCHOBax cBoHx SaJIOKCH OBONbHO _aBHO 
(B 1928 r.) pa6otamn Baupaa, Hetimana HW Ap. B Bie Mate- 
MaTHYeCKOH Teopuy HI p, HMeiluleh Oompitoe IIPHH- 
NHNHAaIbHOe 3HayeHHeE PAN WeCHHBIX Mpaktuyeckyx TIpHMe- 
HCHHH B 9KOHOMHKe, BOeHHOM Aee H APYPHX oGmactrax. Dop- 
MaJIH3auHa COOTHOMeHHE, HMCHOWMX MeCTO B COpeBHOBaHHAX 
WIM <MIPax», MO3BOI9eT Haneataca Ha TO, YTO MOULHaa mog- 
ACP#KKa YeJOBeyeckomy HHTCJWIEKTY CO CTOPOHBI MaUIuH Mo- 
KeT ObITh OKa3aHa HB STOH OG6sacTu. 


NousTua teopnu Arp 


Paccmotpum BKPATWe OCHOBHbIE MONSATHA, BBOJHMbIe B Ma- 
TEMATHYECKOH TeOpHH urp. Mrpow B cmptcane STOH TeopHu 
HMeHYe€TCA He ToOMbKO Arpa B OObIMHOM xxKHTelicKoy CMBICe, 
T.€. WaXMaTbI, WalIKH, HOMHHO y KapTbl, HO H MHorHe ypy- 
THe BHAbI COpeBHOBaHHE, Topa320 MeHee G6e306ugHbIe. Umen- 
HO MOSTOMY TeOpHA Hrp HM UMeecT NpaKTHYeCKOe BHaeHHe, TaK 
KaK BDA JM CTOMO 6p MPWaratTb OowbwMe yeunug pau 
CO3MaHHA TeCOPHH TOVIBKO Pa3BJICKaATeJIbHBIX rp. 

B urpe YYaCTBYIOT 1Ba HH Bovtee HPpOKa WH KOMAHJBI. 
Kaas urpa NPOTeKaeT coraacuo MPpaBHJaM. Karp urpoK 
(HIM KOMaHya) B COOTBETCTBHH C MpaBHaMH mo ovepeqH HAIN 
OTHOBPeCMeHHO coBepmtaer HeKOTOPble JeHCTBHA Hy XO, 
BhIGHPasd KaXK ABI Pa3 ONMH KakoH-Hu6yyb xon H3 HeKOTOporo 
MHOXKCCTBA Pa3JIHYHbIX BOSMOMKHBIX XOMOB, AONMYULeHHbIX mpa- 
BUIaMH. Tlocae kax oro XORa UTPOKAM CTAHOBATCA H3BeCTHEI 
MCKOTOPbIe CBEX€HHA O Xone Arpbl. CyMMa 93Tux CBeqeHHit 
MpeAcTaBaaeT co6on OvepenHylo CHUTYANHW, B KOTOPDOH 
OKa3bIBaeTCA MTPOK H Ha OCHOBaHHY SHaHMA KOTOpOH urpoK 
AOKCH BhIOMPATh OUepenHos XON. IIpasuna urppr ompene- 
WUOT, KOTa “Ppa KoHYaeTCA H KaKoR Pe€3yJIbTaT NaHHow nap- 
THH 3TOH HIPHl, T.e. KTO H 4TO BHIHT paw. 
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Bur6op Xojla HrpoKOM Ha OCHOBAHHH 3HAaHHS CHTYAlHM AB- 
jimeTed eTO PCAKUNCH Ha BICUIHIOO o6cTaHOBKy, B COCTaB KO- 
TOPO BXOAHT H peakUAA CTO HPOTHBHHKA. OTA MOCACAHAA 3a 
BIICIT, B CBOIO OUepeAb, OT melicTBHH mepBoro Hrpoka. 

OctaBuM Moka B CTOPOHe YClOAKNCHHA ITHX ompeACeHHH, 
BHociMble clytaem. B  pasBaekaTeTbHpix yrpax, tallpHMep 
3 WWallkKaX HWW WaXMaTax, MOHATHA WpaBul HIpbl, ompede- 
ASHOLUIX ONCPE/LMOCTh, MOpAOK XO/OB Hl BLIMPpbIll, He TPe- 
GyioT WOACHCHHH, Tak Kak spared OOWLeH3SBECTHBIMH H 
crporo opMa1H30BaHHbIMH. JLaa urp, MpewcTaB/AIOWAXx CO- 
Goll pCaciblyio Soppoy, <mpaBHJlaMH» UPpbl ABJIAIOTCA YC.TO- 
BHA MH3HUCCKOH pCasIH3syeMOcTH TeX HJH WHbIX TelcTBuH, a 
npourphiuem — Pusureckas HeEBOSMOXKHOCTh TM pOAO KAT 
Oopp6y. Bb x0,1e SOopLObl HacIMUAbIe CHIbE MOTYT UCMO1b30- 
BATDCH TCM HM HHbIM cmocoooM, MpHyeM B KaxK Ib aHHblh 
MOMCHT BCerda cyliecTByeT BBIOOp H3 HECKOJIBKHX BO3MOXK- 
nocreH JI HCHOAb30BAaHHA STHX CHAT. TakuM oOpa30M, KaxK- 
ast H3 OOploluxca CTOpOH (urpoKoB) BblOHpacT CBOC jeu- 
ctrBHe (XOX) W3 YHCa PHSHNCCKH BOZ3MOMKHbIX H B Pe3yJIb- 
rate B KONIC HPpbl O.LCpAHBACT no6ely WIN TCpMUT Mopaxkc- 
HH. 


Crpaterua 


TIpeacrapuM cede, TO HFpoK AC Hauada Hrpbl COCTaBIAeT 
HCUCPIbIBAIOWNH W1aH HFpbl, T.©-, BO-II€PBbIX, WepeyicAeT 
Bce BO3MOZKbIC CHTYAWHH, B KOTOPBIX OH nowkKeH Meath 
XO, H, BO-BTOPPIX, KAKO Tako CHTyAllMH MpumMAcbiBaet 
ouperdetennoe peilenne, T. ©. 3apaHce pellact, KaKOH XOX OH 
cuecadl Obl H3 YACA BOSMOXHBIX B naHHoli cuTyaunu. Bme- 
CTO HOOTO NWepecunCJICHHAH BCEX CHTYaUHH OH MO#KeT WaTb 
MpaBH.lo HH CHCTCMy MpaBy, KOTOPbIe OAHO3HAYHO NO3BO- 
JIMIOT MOAYYHTD TOT 2Ke pesybTaT ¥ npopectw urpy. byzeM 
HA3bIBATb TAKOC Hepeync.icHHe XOAOB HIM IpaBH.10, ompede- 
agiouee urpy Haicro Hrpoka, oF60OWleHHBIM XOJOM 
HH eTpaTeruen Hrpoka. Onpesejenne cTpaTerun — 3a- 
naua HecpapucHHo Goee TpyAOeMKay, ueM TpopemeHue pe- 
aAbHO a pTHH JanHow UMpbl. B peadbHow nNapTHu HIpoK 
NOJUKCH TIPHHHMATb PCliCHHA TOKO ATA TeX CHTYAWHH, KO- 
roppie (akrHueckH BCTpCyaoTCcs, B TO BPCMA Kak WIA ONPe- 
Meenusl CTparerHu, KPOMC YHOMAHYTHIX, OH TOJKCH MN PHHATb 
pewcuAA Cle H AVIA BCCX MPOMHA 3 O3MO2KHDIX CHTYAaUMH, 
KOTOpbIC B pcatbuoH NapTHH MOTyt u ue BeTpeTuTpes. Tak, 
HanpHMep, Hrpaa B UWaxMaTbl uepHbIMH (urypaMH H AeTas 


~ 


isd 


NepBbIii XO, HPpokK B peavIbHOH mapTHH uMecT Meo C¢ OHOK 
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CAMHCTBEHHOH cuTyauuelt (nocsie hepBoro xona Oewblx) Hi 
AOJAKCH MPHHATD OHO pelweHHe. CoctraBasa xe cTpateruto 
MYPbL, TOT Ae HIPOK MIA TePBOTO XOa MOJOKeH uMeTb Aes0 
C ABANLaTbIO CHTYANHAMM (Moce KaKAOTO 43 ABANLATH BO3- 
MOAKHBIX M€PBbIX XOOB OeJIbIX). 

CoctTaBulenue CTpaTeruv, HalpHMep, MIA wWaXxXMatT,— seo 
HCBBINOAHHMOE 10 CBOeCH TpyNOeMKOCTH, Nake ecaM 3TOT TpyN 
MCXaHH3HPOBaTb B MOCTYNHOK cerogqHa crenenu. Hac, ogHako, 
3TO OOCTOATeIbCTBO, HMeOWLee MecTO wWIs MHOTHX Ip, He 
OyMeT CMYIaTb, H MbI YAOBJIETBOPHMCA TEM, UTO cTpaTerHu 
NPHHUANHAIbHO MOryT ObITb ONpezeeHbl; On CYILECTBYIOT, 
H 3ITOTO AVIA Hallux Wee octatouno. 

Pa3.1H4HbIX CTpatTcruli B waHHolt Hrpe MOXKeT ObITh OUeHb 
MHOPO, H M€pCuHCJIeHHe UX HIM Noacuer ux uncNa NpeACTas- 
JieT COOOH 3anauy He MeHee TPYAOCMKYlo, 4eM ONpenemteHne 
OWHOH cTpateruH. B Hekoroppix Hrpax CrpatTerHu MOryT no- 
aPHO OTAMYATbCH Apyr OT Apyra 6eckoneuHo Mauo, o6pa3ya 
AOHTHHYYM — TIPOCTPaHCTBO HeMPePbIBHO MCHSIOWLUXCH BeNH- 
UHH, 

OnHako fia mo6olt HTPbl MOMKHO YK&3aTb, ONATb-TaKH 
XOTH Obl MpPHHIUAMHAaIbHO, BCe CTpaTerHu anHHoro urpoxa. 
OHOBpeMCHHO TaKHM Ke OOpa30M MO%XKHO NepeuncantTh UH 
Bc€ CTpaTerHu Apyroro urpoka. 

Ec QO Havana tlaprHu o6a MrpoKa (uJIH BCe HrpoKu, 
CCIM HX OOvJIbUIe DBYX) COBepuIMIN «o6O6MeHHBE XObI>, T. e. 
BbIOPaIH KaxK Ub H3 BCeX BO3MOKHBIX cTpaTeruh oOgHy, To 
AaIbile HX yuacTHe B Urpe OKasblBaeTCA HeObA3aTeNDHDIM 
H MapTHA MO*KeT ObITb MpOBeAeHa B UX OTCYTCTBHe TOCcpen- 
HHKOM (cyabeli), Tak Kak Bce XOAbI, KOTOPHIe ewan 6bl 
NPPOKH, 3apanee ONpenevieHbl crpaTerueli H CYAbe H3BeCTHEI. 
TakuM o6pas3cm, Bpl6op CTpaTerHH BC€MH HIpOKaMH OHO- 
SHaYHO ONPeReIAeT XO HIpbl uM ee peayabTat. 3ameruu 
HONYTHO, TO OHH H TOT Ke pe3yJIbTaT HIpbl MOKerT ObITh 
AOCTHTHYT MPHMCHCHHEM Pa3JIMMHbIX cTparerufi. OnHakO, BO- 
oOile ropops, MeHasH crparerun, HTpOK MOKeT OCTHTHYTL 
H3MCHCHHA Pe3yJIbTaTa. 

PesyibTaT Hrpbl He Bcerga Npe€ACTaBAAeT COOOH BHIMTPHIL 
HIM MPOHFPbIN, HHOrQa pe3yJIbTaTOM Hrpbl MOxKeT ABUTHCA 
H€KOTOPad CHTyallua, HanpuMep, o6ulaqanue HEKOTODbIMH 
UPCAMCTAMH, TCPPHTOPHeH, YHMYTORKeCHHE HEKOTOPLIX O6beK- 
TOB HM T.4. B Takux cayyanx Bonpoc o BbIMTpbIie H Mmpo- 
HYPbIue B Hrpe pellacTca He MpocTo, Make npu 3Hanuy pe- 
3YJIbTaTa HIpbl. 
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PYHKUNA MOMb3bI 


Ikan foro 4toGnt peuiuTb BOMpoc O TOM, BbINTPal NANHDIE 
MPpOK WIM MPOHrpad, HEOOXOAHMO 3HAaTh, YCro NOOMBaICH O} 
B urpe, T.¢. Y3HAaTb NPCANOUTHTEIbHbIN Wit Hero pC3y.IbTaT. 
Jlyume BcerO MOCTHFHYTHIH = pesybTaT OMCHATb HCKOTOPOH 
uncaoBoll (PYHKUHeH, TAaKOH, YTO HIpPOK Mpe-MIONNTAeT pceria 
TOT pe3yIbTaT, KOTOPbIK Aaer 6dmbulyio 10 BeTHMNHe PYHK- 
uHIO. Takylo MYHKILHIO YacTO Ha3blBatoT byHKWHeH 10 Ab 
3h fannHoro urpoxa. kia Toro YTOObI B PeaJIbHbIX 
CAYUaAX MOMYUUTh TakylO PYHKUAIO, NPHXOANTCA pacno.10- 
XKUTb BCe Pe3YJIbTATbI Ha WKaJe, oTpakKaloulen cTeneub mpel- 
MOUTeHHA. 

CymectByeT CielwHaJIbHBIH MpHeM AA KOJIHUCCTBEHHOH 
OUCHKH CTCICHH IIPCATIOUTCHHA PasIHYHbIX OOBCKTOB. Pacno- 
JOKUTh B NOPATKe MPeCANOYTeHHA HCCKOJIBKO O6beKTOB OODI'- 
Ho He mpenctapaset Tpyaa. [aa sTOrO AOcTaTONHNO CpaBHATh 
HX MoOMmapHoO HW B KaxKOM CJyyae PeluuTb, KaKkOH W3 HHX Mpes- 
nourutebiee, Ecim Takoro pelleHua Qa Kakoil-n60 mapbl 
OObEKTOB BBIHCCTH Heslb3a, 06a OODEKTA HMEIOT OAHHAKOBYIO 
CTENCH MpCANOUTHTCABHOCTH, T. €. BbIOOP Me*KAy HHMU 6c3- 
pa3JHUCcH. 


JIonycrHM, 3 yHopAm wenHoH MoO mpeAMONTCHHIO HOcde LOBaTeJb- 
HOCTH OODEKTOB Mb BUILGIHM TPH OODEKTA: A, Bu C, tipuyem 


u (A) > u(B) > u(C), 
rae u(x) — Py.ikuna MOAb3bl. 


TlocwemqHee HepaBeHcTBO TOBOPpHT O TOM, TO o6beKT A mpeqnourTH- 
renpnee oOpexta B wu B npeqnouruteabuee C. 

Tenepb nonviTaeMcaA pelHTb, fla KakOM ,PaccTOAHHH 110 MpeANOUTH- 
T@ADHOCTH PactOsIOKeH OODEKT B ot o6pextos A uC. Cuntad HHTep- 
pan u(A)—u(C) paBubiM efHHnie, COCTaBUM BLIOOp H3 CAlesxyouel 
Mapbl OOBEKTOB: OObEKTA Bu KomM6uHauun oObeKTOoB AH C, B3ATHIX 
KaK Abi C HEKOTOPO! Be PpOATHOCTbY. 

Moxuo 3totT BLIOop ciPOpMyAHpOBaTb Hale. Ilyctb B TeyeHHe 100 
MpoMeKYTKOB BpeMcHil MbI OyqeM MoayyaTb HOO 100 pas odbext B, 
qu60 35 pa3 o6pexT AH 69 pas OOBEKT C (van B OOuleM Bide: 100 p 
pas oopekT A u 1009 pa3 oopext C; p+q=—1). Uto Mol npeswmouTe MP 
Mensa p ug, Mbl HatseM TaKOe Po, ATA KOTOPOTO HC.Ib3A BblueCTH 
pemenua O mpeamouredHH, T. €. BHOOp GyfeT Oe3pa31A4eH. Toraza 
oopext B pasmMecTuTca MO Wkase MpeamouTeina Ba paccTOAHHH 
p|u(A)—u(C)] or oObeKta C wua pacctosnun g{u(A)—u(C)] oT 
oObeKkta A, T. @. 6GyAeT HUMETb KOOPAHHATY 


uw (C) + (1 — p) {u (A) — 4 (C)] = 4 (A) — 2 Le (A) — 4 (DI 


Urax, moctpows :byHKIHIO MOMb3bl WIA BCCX PesyAbTATOB 
NaHHOM Hpbi, Mbl NO.1YYHM CyAKWeHHe O TOM, K KaKOMy HU MeH- 
HO pesyJbTaTy CTpeMHTCH B urpe JaHHbIn HrpoK. OueBu AHO, 
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WTO B HLpe Hrpox G6yszer CTPCMHTBCS HPHMCHHTB Ty cTpate- 
M0, KOTOpad O6ecneynT emy HaHOObIUHH BbINTpbII B ycra- 
NOBICHHOM BbILWe CMBICIC, T. eC. nacr MAKCHM4@JIbHOe 3Haue- 
Hie DYHKUMM Mostb3pr. 

Oco6enxplit HUTCDeC TpesacraBsimior tak Ha3bIBaeMBbIC 
NapHbIC HIPpbl cHyweBo c YMMOH, B_ KOTOppIX 
MPHHHMaIOoT yuactue ype CTOPOHbI (4Ba urpoka usay Be 
KOM@HAbI) H Te cymMa BHIHTPbIWeH OOOHX urpoKoB B Ppe3y.1b- 
Tate Hrpbl paBua Hywo. Huaue TOBOPA, OAHH BBIMTpbiBaer 
TOMBKO 3a CY€T BTOPOTO H CKOWIbKO BBIHTPa.1 TepBbI, CTOABKO 
"POHrpada BTopow#. B urpax atoro tuna Hawt AOCTaTOWHO pac- 
CMaTPHBaTb TOJbKO BBIMTPbI Onno CTOPOHbI, Tak Kak BBI- 
TPB APYTOH uMeeT Ty xe BeEIHYHHY, HO OOpatTHbi 3HaK 
(MbI CanTaem NPOHTpbUL OTPHULaTebHBIM BBIMTpBIWeM). IIpu 
9TOM, Pa3syMeeTcH, MbI IpeANOMaraeM, 4TO 06a urpokKa coBep- 
Wi€HHO ONHHAKOBO BbIparKalor cRoe TIpeCANOUTCHHE OTHOCHTEeIp- 
"0 HCXONOB HIpbl, H NO3TOMY MbI MPpOcTO TOBOPHM 06 ognHoli 
H TOH xe MYHKUHH nNoaDsE Ast O60HX Kak o «“BBIMTpbIIle», 
KOTOPHIH BLIPaKaeTca uncnOM. 

B nexoroppix HapubixX HT paX MHOKECTBO BOSMOKHBIX CTpa- 
TCTHH ABSIACTCA KOHeUHBIM YH CTpaterHy Kak A0rO HPpoKa MOXKHO 
NpOCTO NMepeHymeposatp, Bui6op urpoxom 4 HEKOTOPOH cTpa- 
TeruH HOMCp £ H Hrpokom 8B HCKOTOPOH cTparerni HOMep / 
HTOMHOCTbIO ONpeseIAeT HCXO NaPTHH WH BeHYHHY BBIMTppIA 
a. (Tv. e. PyHkunn NOJIb3bI), CKaKeM, HIpoKa J. Ilepe6upan 
HO ONepeAH BCe Mapbl crpateruii (¢, /), Mbl Nepequcuum pee 
BO3MOMKHbIC BapWaHTbl naptuit Ww ux HCxOf0B. Jlanee mono 
NOCTPOHTb TaGJIMLLy — MaTpHuy, Kaxgan CTpOKa KOTOpoH 6yzer 
COOTBETCTBOBATb cCTpateruu i arpoka A, Kaxkgbit cron6en — 
CTpateruH j urpoka B, ana NCPeCeveHHH f-TOH CTPOKH H ]-Toro 
CTONOIla Oye 3anucan @;; — BBIHTpbil urpoKa A (rt, e. MIpo- 


Hpbi urpokKa B). Matpuna MO PCUILOI JEP ply. omy: 
“CHHa HaMH, MWepeyncaser, Takum OOPa30sl, BCe BO3MOXKHIIe 
BAaPHANTh! WapTHi WaHHoli urppr, 

Paccmotpum crpaternio c HOMepoM ¢ urpoKa A, Ero py- 
NPPbILE OyAeT MeHATCA B 3aBHCHMOCTH OT ACHCTBHIT = mpotie- 
INKa, T. €. OT crpateruH urpoka B, MIpumeuaa crtpaternio 
HOMEep ¢, Hrpok A He MoxeT 6pbITb YBepeHHbIM, 4TO OH Nosy- 
THT BbIHT Pb OOMbINe, YM HAHMCHBbIIee 3HAYeHHE Mo 
CTPOKEe Homep i, H6O ero npoTHBHHK BCerila MOKeT BbIO60- 
POM CBoeli cTpaTernH nO6HTHCA 9TOrO pesydibtata, Munumyno 
10 J OT BeHUHHBI Gj, NBARETCA TapawTHpoRanHoil BemnuuHOL, 
NYE KOTOPOH pesybTar AAA urpoKa A He Moser ObITb, eC.1H 
) TL A. Tloneraer Bere 
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GM TPH Menut CPPATeEtG nomep é Tlaxo.tt 9FOr MITLUMY MUL 
BeeX CYPOK MATpHIkbi, T. ©. Aut peex Crpaterull WPpoKa A, Mb! 
ores land ere hai Car sbslbe is Mines ele 2 be 
Qoo3uauuM ce Hepes Gy. 

Crparerid WoMep j-=i, urpoKka sl, KOTOPOTL Hosy Tell STOT 
MAKCHMYM (110. £) OY MHHWMYatd (no f), Hel »M aK CHA WG cer 
Laer, OUCBU AHO, HalTyUnil pesydbTaT Ws TapaH PHPOB abi 
Hal XYAIHX pe3syJbTAaToB, 

Tetiepb lpopeseM TE KE paccyRACHNA Asis UTpOKa B, yavs, 
UTO jw Hero WKCJaATeJDHDIM GBIIICTCH MIM Ma@sIbEDUT BbINPpbuh 
urpoka A, KOTOpbui, COOTBETCTBYET MAKCHMQJIDHOMY BbUNPpbILTy 
urpoka B, [iat Kar AO crojOlla, COOTBETCTBYIOWCrO CTPate- 
rum urpoka B c HOoMepoM j, Haligem MaKkCUMYyM I Oi BCs 
WMUHb! a, T. ©. HaNxyMni pesydbTaT 1A urpoka B mpi 
ero crpareruH HOMep j. TIpugeaaem 3to Aetd Bcex CTOJOMOB U 
HuiwemM MHHHMYM WO j 9TOH BeJIMUINIbL. Qdo3uaunM Hall- 
JCHHbIT MHHHMy (0 fj) OT MakCHMYMa (iO 2), Woy MANN 
srakec*, Yepes a, AA cooTBeTcTByOluel cTparcrul peas 

Touepb cpaBluM BCJINSHHbU a, Ai ll o6e Mapbl erparernil 
(i,, 1) H (lor Sa) Moryt ObiTb ABa CAlytadl: 

1) o6e BesUAHL! paBiol ampyr Apyry oOc Napbl eTparerull 
COBNa alot 


UL pe 5 ass Q, i, = a eee ibe 
2) TO AKC BECHIMHILLE HC COBLAaTAIOT 


a, >a Ae ae bus hee c Jo. 


Hrppt wepporo THild Mbl GyfheM Hasblbatb ON pee dcu- 
HEM HepaMi WJ HrpaMll © OWeHKOT, Hpbi BrOporo TH- 
na—-Heoupe Ae dmeHibiME iw urpaMH 6e3 Olek Hl. 


BewH4HHb a, Ue, HA3bIBAIOTCA COOTBETCTBCHHO HH kK He SH 


H BepxHell OUCHKaAMH Hrpbl; Bea a #€0.0'C TBE i 
Holl OUCH KON, 

B nepspom cayuae, T. e. ATH ONPCACICHHIX HTP, MaTpalte 
urpbl HMeeT CCIVIOBYIO TONKY, T. e. Q@ MAKCHMa@IbHO Ha MpOTA- 
“KCHUH CTO16Wa H MMHHM@IbHO Ha HpOTHAKCHH CTPOKH. Bo 
BTOpOM calyuae, T. C. ATH HeOMpeCICHUbIX Hp, TaKan TOUKA 
orcyrerByet. B celJ0BOH TOUKe, B NepBOM cayuae, nepece- 
Kalotesd cTpatTeriv, KOTOpble HagbpipaloTca HaudAyulluMul 
Win OTH Ma IbDHBIMA, Urpok, npUdepRKNBAIOWUUMHCA 
OnTUMasIbHOM crpaTermH, He PHCKyeT HOYYUNTh  pesybTat 
xyoKe a. Eon on WS HPPOKOB, HalpHMep A, ofkonuuTcsd or 
Bo 
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OUT Ma@IbHOW Crparerun, on TOMBKO YXYJUUHT CBO PesyuibTat, 
CCH TO.IBKO II1pH stom B H’PdaeT Pa3yMHO, Tak Kak q pe: 
CTaBIAeT cobor MaKCHMYM TIO cTpateruam Hrpoka A. To xe 
UPOH30H2eT c HrpoKom 8, ecu oy OTOHLeT OT cBoeit OFITH- 
MaJIbHOH crpaternu, tak Kak q MHHUMAJIBHO TO crpateruaM 
Irpoka 6, ecm urpox A HrpaeT pasyMuo. (Hantomuum, uro 
41 HPpoKa B Bylrogqubl Meubutne BEMYMHbI a, ..) 


Hasnune cewiopoi POIKH MATPHUbI ATPbI HW ONTHMaJIbHDIY 
C’paTerHH HMeer GonbuIOe NPMHUHNHAIBUOC BHaueHye. Mrpox, 
SHAIOUMUH ONTHMavIbibre C'pavTerHy, HMCeT mpenmyutecrgRo je- 
PCA CBOHM IPOTHBHHKOM, He SHaIOWHM HX. Tlocrpocnue cTpa- 
TerHH H MaTpuupl HIPbl (TaK Ha3bIBaemoe PcileHue urppi), 
COUPCACICHHE — ONTHMaJIbHEIX CTpaTcrHH siBJIeTCH 3aqaueii 
litpokKa, *Kealollero BecTH Hrpy NeHCTBUTGABHO Pa3yMHO, 

Pewlenne nrppl OnmpeeeHHoro Tuna B O6LIeM cClyuae Mo- 
*KCT ObITh MosyyeHO TOOYEPCHHEIM BbIYeDKHBaHHeY CTPpOK H 
CTOJIOUOB B MaTpuue HTPbl H HCKOUeHHeM COOTBETCTBYIOINHX 
CTpaTerHii o60ux H!POKOB, KOTODbI€ ABUIAIOTCA «He JTY ULI Mn» 
10 CpaBHeHHlO Cc Apyrumu CTpateruamMu. Beryepkupaercy 13 
CTPaTerHs, y koTopoli HOKOTOPbIC WIEMeCHTHI MaTDPHILbI Takue 
Ke, A APYrHe — xyxKo, vem Y Apyrok crpareruy (c TOUKH 
SPCHHA NaHHoro urpoxa), TTocueqosBareapuoe BhIYePKHBAHHC 
SHC JYUUHX> crpatreruit p MaTpuue onpesercHHot Hrpbl no- 
OUCPCIHO Y Kaxkoro u3 ABYX HIPOKOB TpHBogur x TOMY, 4TO 
B Pe3yIbTaTe y Kaxk Zoro H’pOKa OCTaeTca Bcero no OHOT 
CTPaTerHH, KOTOPbIC H sBIMIOTCA ONTHM4JIbHEIMH, 

K uney unp ONPCHeJe€HHOFO THI, T. e. Hp, oOvlaqarwuuiix 
<COoOcTBeHHOs OWUCHKOH», oOTHOCATCA BC€ TaK Ha3biBaeMpie 
ITpbLc MOWHOH uudo PMaUHeH, Tf. @. urpH, B KOTODBIX 
HPPOK Teped OYepeAHBIM XOROM SideT Bce pe AbiAyune xopl, 
CBOH H CBOerO NpoTuBHHKa. 

Pacemotpum jan HVIJIIOCTPalun mpenenbyo YIPOUWLeHHbIii 
NPHMe€p MapHok KoHeuHo;; HIPbl C HYJeBOH CyMMol un nNonHo;j 
HHopMarneit, 

Ha mocke HaDHCOBaHO B psy wecrp KJI€TOK, MpoHyMepo- 
BAHHBIX 10 nopsaky. pasuvia HIPbl @oOpMysupytores cae- 
AYIOUMMM OOpasom. B ucxogHom NOJOAKCHUN B TepBol KnerKke 
PacnowoxeHa Oenaa watKa (arpoka A), B wectof K1eTKe —~ 
uepHasn (urpoxa B), Virpox A nBuraer Oewyio WanKky oT nep- 
BOH KJCTKH K WecTOH, urpox B npBuraer YePHyIO WallKy or 
INECTOH K.eTKY K NepBow. Mrpoxu xenaror XOZbI 10 o4epen, 
HauHHaad Cc HNpoka A, N€PCABHradk Ka Tb CBOIO IWalwkKy Ha 
OAHY KJI€TKY, B CBOeM HallpaBslenuy. Ecny CUeAVIOWUlad (10 
NYTH Waku) KeTKa 3auaTa WalnKof Apyroro wgBera, To oue- 
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riBas uepes Waltiky I POTUBHITKa ). eye ne mee 
HI pokK Mower CLesaTb NO cBoeMy BbIOOPY, gee Ka eTKH. 
OO! Ik “OMe sO Cas yee ae oro nepBoH 
BuurppiBaeT B MapTHH TOT HTpos, ane eee 
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(+1) (0) 
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aa _ fe Lie D- Uel Lic - Tel LIT fo 
; 3” rod | yeproil 


(Theo) - wear _ Tec - Ciel Ll 
:* rod | Geno { t 
gi lege _ (eel Msie_D - (Tes 


=. 
een - (lat - a aii 


| | 
2¢ rod \ Geno! 
sed time Cerect]- Caen) - Chas 


™~, 


~ og 1° rod 


YEDHOIT 
¢ Ree nti ry io Soe oe 
—SL Ls) -— ee ee a 
~~ 
ee 
al COTE Fo, ve (Ol | Fe 


ie ae ee) 
Ucrognan No3uuur 


Puc. 10.1. ,J[epeno urpnt. 


“Be ryt € a) HHKa 
LOCTHTHET KONCUHOH K/ICTRH, CC1H TOJbKO WallKa ee ees 
4 
He WocTUrHeT Toro ze CeMYIOWHM XOJOM, pee ae 

T raner 6oulpule, YeEM Ha 0; 
Ka NIPOTHBHHKa OTCTANeT nore 
7 I wWallika MpOTHBHHKAa 10 

THBHOM cJIyuae, T. e. eCuIH sees hee 
cHeMHell KJICTKH CJICRYIOWHM 2KE XONMOM, HMeeT MeCcTO HHYb 
cm. puc. 10.1). | oe 
ace WOKa3aTb, UTO HCXOA Hpbi ONpedeMACTCA pescilae 
Q6OUMH MPOTHBHHKAMH TepBoro xoAa (ona HJM en - TT 
Tloce nepporo xoda OenbiX H MePBOFY xoja YCPHbE . 
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NPOTeKaCT OAHO3HAUHO, T. ©. Kak ADIT HPOK MOKer selath 
TOMBKO OAH XON, 6e3 BEIGopa. 

Y OeblX, Takum o6pa30M, ecrh ape CTpaTerun, cosna- 
Aarolune C UX NEPBRIM XONOM. Crpaterun Genpix: 

1A) nepppit xo na OAHY KuleTKy (1); 

2A) nepspit xon na Be KJeTKH (2), 

Ha Kaabii xon 6ennx Y 4€PHBIX HMeetca wBa orTBera, 
he. M€PHbDI€ HMeIOT YeTEIpe CTpateruu. Crpateruy uepupix: 

IB) ecam Oenaa wauKa H€PBLIM XOXOM TIpOABHHYacb 
fa ORHY KJe€TKY, NPOABHHYTb TCPHYIO Wallky Ha ONY KueT- 
KY, eClH Oeaa wamuKa NPOTBHHYJacb Ha ge, NPOABHHYTb 
TOpHY!IO Ha onHY (1—1; 2—1); 

2B) ecu Oenas wanKa NPOABHHY.1acb NePBbIM XOOM Ha 
OAHY KJe€TKY, NPOABHHYTE TePHY!O Ha ONY; ecaH Oenasg manr- 
Ka MPOBHHYaCh Ha wBe, TO NPOABHHYTb Yepityio Ha Be 
KleTKH (I—1; 2—9): 

3B) ecau Oenaa wamKa TIPOABHHYJaCb MepBbIM XOOM Ha 
OTHY KJeTKY, MpOABHHyTS HepHylO Ha Awe; ecu Oenag wau- 
Ka MPOABHHYach Ha ze, NPOMBHHYTb YepHyIO ja OY 
(I-—2; 2—1)- 

4B) ecan Oenaa wautka TPOABHHYIaCb N€pBLIM XoNOM Ha 
OAHY KJICTKY, NPOABHHYTb VepHylo Ha ABe; eeu Oeas man. 
Ka MPORBUHYIaCh Ha mBe, MPOABHHYTb Yepnyio a Ane (1-2: 

CocraBum MaTpHuUY Hrpbl. O6o3uauuM BbIHMFpbllu Oc.TBIX 
vepe3 +1, ux npourppu — 1, HHYbIO Yepes 0, Crpoku Marpu- 
Ilbl, KaK MbI yCJIOBHJIHCh, OyayT cooTBercTBoRaTh CTpaTerHam 
urpoka A (OebrM) , CTOMOUbI — erpaterusm Hrpoxa B (yep- 














ftbIM). 
a ee a ee 
| 1B 2B 3B 4B 
er ener 
LA Qyy= $1 Qi9=+1 ay,—=— | Qay,=—! 


Alia crpaterun 1A urpoka A (neppas crpoKa MaTDPHIb!) 
NaWXyMUAMH LIA urpoka A no CTpaTeruaM Hrpoka B (rt. e. 
VaMMCHBUIMMH) SBJIMIOTCA pesyibTaThl 413 HW Qs; Ma cTpate- 
rau 2A (Bropaa CTpOKa MaTPuUbI) HanxyaMUMH Aan A 6y- 
AYT @2) H @o3. W3 unena atyx HAUXYMIUHX 10 cTpateruam B 
P€3yJIbTaTOB HaWAYUWMMU mg urpoka A (rv. e. Han6onbuH- 
Mil) NO eTparerinsaM Hrpoxa A 6yayr peayaprarpi Qo, H Qo3. 
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OU ApelcTaBetAIOT COGOH BEPNTHOLO OWCHKY HPpbl, ITH Ma- 
KCHMHIIL. 

Tas etparernu 1B urpoka B (nepsplit cto.10et MaTpuitht) 
HAaUXV UHM Id HrpoKa Bi Aas Se HaHOO.IbIuuM) TO cTpate- 
siamM uirpoka A spate pesysbTAT Git, COOTBETCTBEHHO, ATH 
cTparcriy 9B — ajo WH Qo, MIA 3B —do;, aaa 4B — aos. 113 
Gucda 3THX HaHXyMWHx mo crpaTerias A pe3ybTaToB Hal- 
4AYUUIMM (1a HFpoKka B (vr. @. WanMcHbluHM) NO cTpaTCruae B 
ABUTCA PC3YeIbTaT Qs. OH MpeAcTaBelAch coOoH HHKHIOIO 
SHOUKY HPpbl, ITH MHWHMAKC, 

Pe3syIbTAaT Q2Q3 ABAACTCA OAHOBPCMCHHO BepXHeH H UHAKHCH 
cuouKolt urppl. Hnaue ropopa, BYAKHAT F BEPXUAA ONCHKH 
APpbl COBMaLaloT HW ABANIOTCH cOOCTRCHHOM OWCHKON HIpbt. 
Jroro C1CLOBaO OKUDTATb, TAK Kal pasoupacMad urpa HpHe 
aL@KUT K HEpaM Cc MOHOH HHmopMauuch, T. c. K HrpaM 
ompeleeHHoro THTa, 

Crpaternu 2A Oc.Ibix H 3B uepHbIX #BTMOTCA ONTHM AT: 
UbIMH CTpatTcrusiMil, a coOCTREHIOl OLeHKOH Hrpbl GyTeT HHUDA. 
PesybTaT Qo; MpeCTABAACT coboli CCMOBy!Io TOUKY MaTpHltpl 
urpp. Jit so60ro HrpOKa OTXO.1 OT OMTHMAIbHOl cTpa- 
FOTHH MOKCT TOIbKO YXYMUWHTb ero pesybTAat mo cpaBiic- 
mio ¢ coOcTBenHoll oucHKOM Urpb (iiiaber). 

JipyruMu mpuMepaMu Arp C HoanHotw HHd@opMauwHeh MOryT 
CYKUTD WWaulkW, WaXxMaTbl, KPCTHA! H HOJIHKH, Hrpa B HuM 
nor. mi. Jaa ipocTewwinx W3 STHS urp H3BeCTHO, UTO B HISX 
BLIHPPLBACT BCcra OHH HTPOK, CCT o6a UrpaloT TpaBHelb- 
HO; HOO TOT, KTO Wedlact HCPBbIH XO, 41160 Cro TIPOTHBEHK. 
Sror pesyabTaT WH MpercraBaAcr coool CeOBYIO TOUKY MaT- 
DHILbl HFpbl, pesy.IbTAaTDl KoTOpolt HMCIOT TOAPKO ABa SHAye- 
unm 6ollepan (+1) H NpouepeA (—1). Wramka 4 wlaxmaTbl 
rouKe HMeIOT TIpCapeMlenNb wcxXOA UTpbl NPM ripaBy/IbHOH 
urpe OOONX HPOTHBHHKOB, OAHARO OrpoMHoe YHCIO eTpaTerHh 
HC TO3BOAACT TIPOBeCTH MO KOHIa PeUleHHe HIpbl WH ompede- 
STD OMTHMacTbHbIe cTpaTeriu H coocTBcHHoe ailauenue. Ta- 
KHM 069a30M, B WaNMaTbI H WWatkH Mb! HrpaeM TOAbKO M0- 
TOMY, UTO <Ie yMecM»> HrpaTb B OTK HTPbl NpaB.1bio, Tak 
KAK HCH3BCCTHbE PCUICHHA STHX HE). Hexota TaKoce yIBCpA TC 
He BBYYNT MApaMOKCasIbHO, ONO TEM He Metiee Biotic 060- 
CHOBAHIO. 


Cmemannoe pacumnpenHe Hrpbi 


Kpome urp ompegetentoro THTa, HMEIOULNX CCLIOBYIO TON 
KY MATPHUbI, CCTb elle, KaK MBI 3aeM, HPpbl HeOMmpeLe.1cnyo- 
ro THMA, AHMCHHbIe ITOFO cpotictBpa. Mrpokin we mMcioT ONTH 
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MAIDHBIX CTPaTCrHit B OAHOM WapTun. Jlio6an CTPaTerusa Hrpo- 
Kad MO#KeT ObIth «<OntToti> MpoTUBHTTKOM HYTeM BHIOOPa 1M COOT- 
BETCTBYIOULeH CTpaterii. 

IIpumepom takoli HPPbl MOAKET ONITD Cle LVIOuLaN: Ba 
ETPOKa ONHOBPEMCHHO BHIOUPAIOT We7TOe UMEIO 1 3 AfLHCbIBalOT 
KAKRbHT Ha OyMare, He coo6ulag APYTOMy. Satem — Bpl6op 
OOOH X OO bABUISETCH, BhIOPaHHble unc.ta CKJIaAbrBalotesn. Ecuay 
PCSYAbTAaT UCTHBIH -— MepBHI HrpoK BhIMHTPHIBACT OUKO, ecu 
HCUCTHDIN —- OUKO BLIHTpbIBaeT BTOPOH *, 

Crpaterneli N’poKa B KaKTON NapTHn SToH urpHl MoxKeT 
ObITb eni60 BLIOOP YeTHOrO 4HC1a, THOO BLIOOP HeveTHOro. Jaa 
‘OOOH H3 3THX cTparTeriti HaHTeTCH cTpaterua MPOTHBHHKa, 
NOTOPaN NPHBOANT K Mpourppruy. Matpuna urppt umecr put 


mere (10.1) 


Ceqiopoli TOUKH B Hell Her. Bepxiista 1 HU2KNAST ONeCHKH He 
CoBMamaloT. Y HrpOKOB HeT ONTHMa.IbHETX cTpareruH B. onNOn 
HapTilt UPpbl, H, BeAA Urpy, UM Os 13 HTPpOKOB He MoxkerT 
ObITb YBEPCH B TOM, UTO ero MPOTHBHHK BbIOepeT KaKyt0-TO 
ONPCACTCHHYIO ONTUMAcIbHYIO, T. @. HalL1y4uIvIO, cTPaTerHio, 

Alla. Toruutiyto CHTYalHIO = (S9KBHBaJIeHTHV10 HTpv)  MbtI 
WMe€CM B TOM cy4ae, ecqH Ba TIPOTHBHHKA, HanpHMep wa 
10.1e OOf PH Ha CNOPTHBHOHW apeHe, HMeloT KaxAbIlt mo Ba 
NPUCMa HHI TO 1Ba BAA OpyxKHA: Tepsnii—1A y 2A, BTo- 
pot--1B u 2B. Tpu strom nmpHem 1A yaer mpenmyumtecrso 
urpoky A, ecu npotusunk B IIPHMeHseT npuem 1B, ua Be- 
ACT K MPOUPpbInTy, CCJIH TIPOTHBHEK MpHMeuseT mTpuem 2B: 
mpHem 2A xaer polurppun Han NPCHMYINecTBO TIpPOTMB mpH- 
¢eMa 2B 4 mpourppml npotus mpHema IB. IIpumepos taxoii 
CHTYaWHH OWHb MHOro, 

Fute yaule serpeuairces NPHM€PbI, KOTa IPHEMOB, PONGB 
OPYKHA, HIM CTpaterafl cyulecrByeT He 1BC, a OONbUIe. ITpo- 
cTOH WpuMep-——urpa «Kamei, OyMara Hl HOMKHHUbIy **, Virpatp 


M.. =— 
tf 














* Ty Ke Irpy MoxHO RBectH c Mouetamu. Hrpoxn kaaayr na cro 
KaAKIDUL CBOIO. MOHeTY, HakDpBIB JaXOUbIO, 3aTEM IOKASLIBaIOT MONTeTR H 
CpaBIHBaloT. Ecu o6e MoneTu acKat BBEDX rep6omM man pellerKoli, BLI- 
Wpat MNepBL, ec ofa rep6om, Apyrad pelueTKOH, BLINTpad BTODOIL. 
Atajqoruanyio urpy MOoxKHO BecTH, NOKa3blBaH OHH WAH ABa Maabita 
(<Moppa»). Hrpnt, omunakosnre HO cnocoOy WX BeRCHHa, Ha3prBarwtca 
IKRBUBATCHTHBMH. 

“* Hanomunm urpy. Kaxyuni 3 ARYX HPpOKOB UMeer Tp Kaprst: 
«KaMCHb»>, «OYMara», «MOKIHLDD. O6a OAHOBPCMCHHO KAaqyr no ono 
KapTe Wa croa. Ep oguakorwtx Kaptax — niypa. IIpu pa3upix kKaprax 
SHOULD BLIHPPbIBaIOT y «GyMarn, «<OyMara> —y «KaMits> Wo «Ka- 
MCHb> — Y ITOKITTID, 
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B Takylo rpy GbiTO GbE WeIpyAHo, Cedi Obit Abr Wed: Oe It0" 
BAHHC TIPCNO.1ORKHTb, UTO Hail WPOTHBINA ppideper KakOH- 
1NOO ONPCTEICHHbIH OOpas refierBilft, T. @. UPUMNcaTh ero TlO- 
BELCHIIO HCKOTOPYIO aNpPHOPHYIO BCPOMTITOCT). OmaHako BC.II- 
(Ha 9TOM BCPOSTHOCTH SaBICHT CF Pelyernn HPOTHBYHKA, a 
9TO PCIUeCHHe HAM HeH3BCCTHO. 

HeonpedelcHHbiit THN HFPbl WPHBOANTCH K pe3syIbTaTaM, 
HPAKTHUCCKU COBMATAIOWHM C pesydibraraMH ‘Lid Ope me.1est- 
HOTO THING, BBCACHHCM TOUATHA CMe Ura iriOTo pac i- 
NpeHHA HTP bt. 

Byaxem paceMaTpipatb He OAHY Haprito WaHHOH = HIpyt, 
a cLHHbUL ps WapTHH HW OWCHAM BbIHTpbIn Ht HpOHYPbIu! 
B CPCAHCM 3a GOATHILOC HHC.TO napTHl. Tako NoAXO”A He yAa- 
“ugeT Hac OT PeaIbHOeTH, TAK Kak Peasibiple Hrpbl, We3aBHCH- 
MO OT TOLG, PASBTCKATCIDHLIC OW HT HOT, NOUTN Bcerla 
EMCIOT NAPAkTep HOBTOPACMOCTIL. Ecc 3 1occicdoBate.IbHOCTH 
WapTHil HTpOK UpHMesAeT BCC BPCMA ofuiy W TY we cTpaTeriito 
(HanpuMep, «repO» Wm «deTHoe> B HeoMpelesicHuolt HTpe 
¢ LBOHHEIM BbIOOPOM, OTNCalHOH Bbc), TO OVEM HasblBarb 
TakylO cTpateriito Wh etoit erpaternell. OueBHAHO, YTO 
VIPAMO UPHAEPAUBAACH WUCTOH cTpareruy 8B HeonpCAceHHOH 
urpe, HPNOK Kak Obl packpLiBacr CBOl KapTbl, T. c.  evact 
‘LIS TIPOTHBHHKA SICHBIM XO/L CBOTIS neficTBHH Ha Oynyulee. 
IlosTOMY MpOTHBHHK yoKe He CTPOuT NpeAno.toKeHHH O CTO 
eHCTBHAX B OYAYIUCM, a MOAyuacT YBepCHHOCT) Bas 1p 0- 
CTO DKCTNANONUPY HT ETO HOBEACHHEC. [Ipu 3TOM NPOTHBHAK BbI- 
OupaeT cBoloO cTpaTcruy, uUTOObL BCC BPCMA BbIHTPbIBATh. Un- 
eran cTpaTecria okasblpaercs, TAaKHM o6pas3om, HeMPHTOAHOH. 
Cenyer 3aTpYAUMTh HH CAC1aTL HCBO3MOMKIbDIM LIA MpOTHB- 
HHKa npesdyraabiBaHie nefierauli urpoka. JL1s g9Toro, OYeBH 1 
HO, HeO6XOAHMO, BO-NePBbIX, OT MHapTHH ‘ HWapTHH MeHATb 
crpaTerHlo, 4 BO-BTOPHIN, YOOHTHCSH TOFO, UTOOb! 9TH H3MEHE- 
Hd He HOCHAH HHKAKHX C.1C]OB 3aKOHOMCPHOCTH, T. ©. ObLLIH 
6 abcosioTHo cslyyanpimyu. Beskas 3AKOHOMePHOCTbh H3Me- 
HeHHH cTpaterHi (HampHMep, WHKIHYNOCTh) H Wake KOppelA- 
una (B TeX clvuaAXx, KOPAa H3MeHCHHD crpatTeriilt csly 4aHBI ) 
act BO3MOMKHOCTh MpOTHBHHKY NOTA 6bl HHOrLa TWpaBHJIbHO 
«yraWbiBatTh> @cHCTBHA HTpOKa H gNOBUTb» ero Ha 3TOM. Be- 
neHHe HFpbl co clywaHHoH CMeHOM UMCTHIX eTpaTeruu oT TaPp- 
THH K MWapTHi Ha3blBaloT CMe Wal Ho fH cTpateruel 
B Hrpe, COCTOAILEH 13 WHO cepa mapTii W Ha3bIBaeMol 
CMeCILUHHEMpacllipeHHeMm lanuol HYpbl. 

KomM6iuHHpOBaHHe YHCTHIX cTpaTerHH B cMelwaHiOH cTpa- 
TCTHIL MOOKNO, OYEBHAHO, MPOHSBOANTH no-pasHomy. Oma U3 
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MHCTHIX, Crpateriii, VCPpCAyACL C.1yYyalino ¢ APYTHMH, MoxKCT 
NOBTOPATBCH Yale Han. PCxKe APYruX, uMeg TY HIM HHY1O Ya- 
CTOTY ITH BeposTHocTE NOABJICHHA. Takum O6pa30m, Gecno- 
DAROYHOC YyepenoBanne, CKaxKeM, IBYX uyncTEx CTpateruit 
© BEPOATHOCTHMH p Hg (P+g=1) naer HEKOTOPYIO CMeutrau- 
Ht¥IO Crpaternio. H3meusg PH q, MbI Toayyum OeckoHcuHoe 
MHOACCTBO CMeLUIAaHHBIX cTpaterui, 

ITpumMenenue CMCIUAHHBIX cTpareruiy p CMelUa@HHOM pacuiH- 
PCHHH HPPbI CBOLUT HMpPy HeonpemketeuHoro tuna x Hrpe ompe- 
ACCHHOW, 'B KOTOpOH HMCIOTCA ONTHMaJIbHbIe cTDaTeruy 
y o60HX urpokos y OWU€HKa HIpbl. 3Sanaua NPaBHJIbHOTO Bexe- 
HHA CMellaHHoro PacWiMpeHuA nanHoH HCOMPCAeNeHHOH urpbl 
CBOJHTCH, T@KHM oOpa3om, K ONPCACCHHIO ONTHMAJBHBIX Be- 
POATHOCTeli, C KOTOPLIMH YNCTEE CTPaTCrHH BXOAAT B eMe- 
Manyio. Kpome toro, HeEOOXOAUMO KaKuM-TO o6pa30mM uMu- 
THPOBaTbh cwyyalinpy Hpomecc ¢ 3anayHpMy BePOATHOCTAMH 
NHCTLIX crpaternit, B CJIyuae Hp B «yer y HeueT», onncan- 
HOW Bbliue, B KOTOPOH ONTHMasbuHbIe BEPOATHOCTH «YeTay y 
<HCuera» (WH rep6a pewleTkuH) paBur 0,5, CYUaHHbIA Mpo- 
HecC MOKeT 6biTB HMHTHPOBaH OpocaHueM MonHeTp HIM ur- 
PaJIBHOH KocTH. 

ITonbrraemcg ONP€ACIHTbh ONTHMabHbIe CTpaterni cme- 
MaHHOro nTpozomKenng KOHEYHOH neonpencaennoti HPP bl, 
MaTpNla KoTcpolt uMeet BHA 

=| if (10.2) 


— 214-4, 


\f ae II 12 
ij aa 
(Ya, Qop 








Hrpox A, uucrare CTpaTerHH koToporo COOTBETCIBYIOT 
C1pOK4M MaTPHUbl, HMeCT B CBROeY PaCNOPAXeCHHH BBe YnCTHIe 
crpateruu 1A 4 2A, xoropsre on NDPHMECHACT C BeposTHOCTaMy 
Pi (ula Heproli CTPOKH MaTpHlbl) ug, (AWA BTOPOill); 
Pitrg=t. 

Mrpok 8B, upn unerpe CipaTeru Coorsercrsytor cTG6uaM 
MaTPHUbI, TAKHKE HMCeT Be crpateruu 1B n 2B, koroppe on 
HMPHMCHICT C  BeposTHOCTAMH Pe Ho G2, coorsercrBenno: 
Petgo= 1. 

Ecau urpox A IIPHMeCHHCT YACTYIO CTDaTerio (Bepxuan 
CrpokKa), a mrpoK 5 — cmewanuyn, Pe3yJIbTaT paBeH 


Fig = Ay Pot QyoQp. (10,3) 

To Ke sa18 crpaterny 2A wrpoKka A (HunxKusg CTPpOKa) 
© = Ay Pe-P Ayn. (10,4) 
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Cea o6a HtpoKa IpiliMeisor CMCIIaIEIbIC CTparerun 
Cog = oP te llsg = 
oe = 
= 1) P Py AP iot A P2i Ve C2 Fe (10.9) 


Ilia ceaaopoli TOUKH MaKCHMYM 10 p, COBMALACT C MHHI- 
MYMOM ITO Pg; ITO COOTBCTCTBY CT 


da Cis 0), (10.6) 


dpy dpa 





VuHTblBas, UuTO 





(Lt | 
dp) : 
nCAVUAM 
Dawe ae eee ee (10.7) 
Ay Cae B12 Oy | 
Deca aS ee (10.8) 





(gp te gz — M12 (21 


HojcraBasia Pio B (10.7), Mb OOHapyaAIBAeM, UTO LTA 
s10ro (ONTHMaAbHOrO) SHAMCHHA Pr} CMCLIaHHOH cTpaterdi 
a1aueHHe BbINTpPhIa yo(psi) We 3ABUCHT OT Py. Muate 
roBops, UTO Obl HH etal HTPOR B, pe3yabraT He H3MCHHTC#, 
cctH urpok A lIpuMenaeT ONTUMAIbHYIO CrpaTerHo, To Ke 
CHpaBeLIiBO WIA BrOporo Hrpoka. 

Tlan qaHuolt MaTpHibl BbUITPSIL Wis OUTHMa.IbHbIX CMC 
HALMIDIX CTPAaTCrHH paBell HY-HO Guiups). OurHMablple CTP a- 
rerHH: py=0,/0 p»=0,4. Unaue ropops, 8B 100 mapTiax HTpOkK 
A upumenset unCTyIO CTpaterHio LA (sepxusst cTpoKa) 70 
pas, CTparerHio ON (tixKHAA CTpOKa) 30 pas; urpok 6 mpi 
Menset ctpaterimio 1B (aeBnili cro.16e1) 40 pag, cTpatTerHlo 
9B (mpassii cro.16en) 60 pas (B cjly4aHHoM uepeLOBAHHH). 

Ec OSH H3 MrpokoB B lirpe «rer HeucT>, OTMUCAHHOH 
ppc, Clydaliibim oOpa30M (a OCHOBAHHH Opocaiun Moe- 
Th) XOMUT 6G MCTAy MW CHENETSY c Beposituocrplo 0,9, To HEpa 
B cpcCuveM HACT BHHUYbIO, 1e3aBHCHMO OT TOTO, NTO ACdaey 
NPOTHBUHK (CCH TOADKO AclicTBHA NpoTHBHAKa = He VMCIOT 
KOPPC TAIL ¢ XOLAMH HPPOKa, 7. e, HPOTUBHIK 11e CIIMHOULUT> ). 
Hespazlnso B ITOM cTydac, XOAUT JM MpPOTHBINK Bec BpeMs 
ee ucTa», WIN BCe BpeMA «Cc HedeTa>, Hell “Ke CTYYaHHO Me- 
HaeT <4eT> H «HeUCT». 

Ecan ArpoK H3MeCHHT CBOIO CMCIUA4HHVIO CTpaTcrHo, oron- 
‘st OT ONTHMAIDHOH, HW CTANCT HMPHMCHSATb «<HCT» (11J1I e1Teuer» ) 
yale, UCM B MOJOBUNC CTyYaeB, TO IPOTHBUHK MoxkKeT Ha 9TOM 
BLIUrpaTb, Nepewaa Ha COOTBCTCTBYIOULYIO YHCTYIO CTPaTerilo 
it TOOUBINMCL, TAKHM OOPasoM, HeKOTOPOrO BBIHTpbuUITa. 
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B vdieo cytae pemenue HEPoE HeEOMpeAeteudoro THMa MoxuHO mo- 


AVIUTR WYTEM COBMeCTHOrO pewienuda CHCTeMbI Y PaBHe nuit 
y P (x;) M (x;, Bay) =a kh (10.9, a) 
L 
ye (x,) = 1, (10.9,6) 
i 
y q (Vj) M (x, ¥;)) =2, (10.9,¢) 


j 


y q(¥) = 1, (10.9,2) 
f 
Mle p(x;) a q (y;) — BEPOATHOCTH NOABACHHS WICTHIX cTpareruil oy HW; 
COOTBCTCTBEHHO, B ONTHMAAbHOi CMewlaHHOl crparerun. 
Ypasxeana (10.9,a) u (10.9,8) 3anuchiBaiotcs aad peex ¥; HO BceX 
Nj, BXOAMUMIX B ONTHMaAbiHyIO CTpaTerHlo NPOTHBHHKa; v — co6crRennHoe 
SHAUCHINE UPDPb, 


JLiid Mpocrbix Hp BbIBOAEI mpeactaB.siores T PHBH AJIbHbI- 
MH. OaHaKO WIA Gowlee COKHBIX HTP, Te OLHOFO 3,1p aBoro 
CMBICTA HELOCTATOUHO, MATeMATHYCCKHH allnapaT okagbiBaerT- 
Cf WeCHHbIM. IIpapaa, 3amqaun o peuennu KOUKPeTHBIX HIp, 
HMCIOLUME MPAakTHYCCKOe 3HAYeHHE, Yale Bcero ObIBaloT 4pe3- 
BbIVaHNO CO*KHbI. Muornve BecbMa cepbesupie Hu Bane 
KPAKTHVCCKHE Balan B HaCTOAMee BPeMA XAAYT cBOerTO pe- 
IMCHH A, 


Cayuanuble xojpl 


/[O CHX NOP MbI roBopHIu 06 Hrpax, B KOTODbIX BcTpeua- 
JHCb TOMPKO JIM4HBIE XONbI, T. €. XONbI, CHe@aHHble UrpOKOM 
NO cOOcTBeHHOMY npoHsBoury. B odmem Clyuae, KPOMC JIMYHBIX 
XOM0B, B Hrpe BCTpeyaloTca, COMIaCHO MPaBu.1aM HTDbI, TAaKxKe 
XOABL CJIYUAHH BIC, MPHMe€POM KOTOPHIX MOxKeT CaAYKUTS 
chaua KapT B KapTouHOH urpe. 

Kora papilla urpbt Tpedyior COBEPUICHHS CulyualHoro 
NO-a, BK-HOYACTCA HCKOTOPBIH CYYaHHbIt mpomecc, KoToppIit 
OlperediaAcT HCXOM CUYYaHHOTO xONa B CCOTBETCTBHH c He- 
RKOTOPbIM 3aMaHHbIM PacipemeseHnemM BepostHoctelt. B sToM 
CAYTae PC3yJIbTaT MIPbl He OMpPeAevAeTCH ONHO3HAUHO BbIOO- 
PaMH JIM4HbIX XON0B Ha MpPOTAH%KeCHHH WapTHH, T. e. THUHOT 
cTpaterueH urpoka. Ogua u Ta xe mapa crpaternif, TIpHMe- 
HACMaA@ OOOHMH HpOKaMH, OyMeT AaBaTb PazHUHDIe Pe3YuIb- 
PeTbE UPbl B SaBHCHMOCTH OT HCXOJOB cepHu caryyalinblx xo- 
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“OB B launol maptun («crpaterun cayyad»). Suan pacnpenre- 
Jeuile BEDOATHOCTeH MPH OTMCMbULIX CYYAHHbIX XOTaX, MOIK- 
10 Haifa pacnpeueswenHe BepOATHOCTCH BCEX KOMOHHAUHH HC- 
\OJ0B BCCX C.TYUaHHbIX XOOB MapTHH. OTo pacnpereseHue 
IPH H3BeCTHDIX <IMUHBIX CTPaTCrHAX HIPOKOB WaeT BO3MOXK- 
HOCTh ONPCICGIHTD pacnpeweleHHe BEPOATHOCTCH Pe3yJIbTaTOB 
urpbl. Takum o6pa30M, B wrpe CO C/TYYaHHbIMH XOaMM NPH- 
MeHCHHe HPPOKAMH OMPeACJCHHbIX JIMYHbIX CTpaTecrHH WaeT He 
OMPELCICHUbIT PesyIbTaT, a HeKOTOpOe ONpeWecHHoOe pac- 
Hpeseeiie BepoATHOcTelt ~ Has BOZSMOKHBIMH pesyJIbTaTa- 
Mu x. Bpol6Oupan JMaNylO CTpaTerHiO, HTPOK MOUKeH OTTATb 
IIPCANOUTeCHHE OAHOMY H3 STHX pacipeseieHHl BepomTHocTeH 
pC3y.IbTaTOB, a Ne CaMHM Pe3y/IbTaTaM HIPHI. IIpuH wHcoBoH 
OUCHKE pe3syJbTATOB C TOMOLIbIO MYHKIUAH MOJIb3bI u(x) MO*K- 
HO BOCMOsb3OBATHCH MATEMATHYCCKHM OMHaHHeM STOH PYHK- 
ILI, BBIUMCJICHHDIM JIA paCNpeAeICHHA BEPOATHOCTCH PC3y.1b- 
FATOR. 2. 
Toayyenntoe Ylic.to 


(x)= NV n(x) a (x) (10.10) 
x=) 


lipencraBaer coO6ok (byHkKUMOHAT, T. e. YACO, SaBHCAlece OT 
leKOTOpOH (PyHKUH, B JaHHOM CJlydae OT (byHKILH 0 (X) 
PACMPECeHHA BePOATHOCTEH PesyJIbTaTOB HYpbl. u(m) eCTb 
(YUKUUA MO1b3bI WIA HPpbl CO CYYAHbIMH XOMaMH. TakuM 
o6pa30mM, peuienne Hrp CO C1yYaHHbIMH XOLaMH MpOU3SBOANTCA 
aHaTOPHuHO HTpaM G6e3 CJlyYaHHbIX XOJOB, C NPHBJICHeCHHeM 
reopun Bepostuocteli. Hexoroppie nrppt (Hanpumep, 10TO, Py- 
netka) WeHKOM CBOAATCA TO.IbKO K C/JlyUaHHbIM XOMaM, JIAY- 
HbIc XOUbI H CTpaTerHH B HHX OTCYTCTBYIOT. 

B page KOHKpeTHbIX Hrp CAyyaHNble XObI COBCpWaloTCs 
OMHOBPEMCHNO C JIHUHBIMH. Tak, HalpHMep, MocblIKa MANA 
B CHOPTHBHLIX Hrpax (TemHuc, OackeTOo.1) coBepllactcaA Hrpo- 
KOM B ONPeHEICHHYIO TOUKY MIOWLAaAKH, H BBIOOP 9TOH TOUKH 
COTb Pe3ybTAT AMUHOTO xXoMa. OHAKO MAY Bcerda NONAalact 
B BbIOpaHHy!O TOUKY C HeKOTOPOH OWNOKOH, ABINIOINeHCA pe- 
3YIbTATOM HeTOMHOCTelt JBHXKCHHH HTpoKa H HM€HOlleu CJy- 
uafinbit xapaktep. Pa36poc Made He 3aBHCHT OT BOJIM Hrpo- 
Ka (XOTA 3aBHCHT, KOHCYHO, OT YPOBHA ero CHOPTHBHOH Tex- 
HHKH) H ABAMeETCH CyYUaHHbIM XOOM B urpe, KOTOPHIM coBep- 
WaCTCH OMHOBPeMEHHO C JIHYHbIM XONOM. YMeHbINeHHe OIM- 
60K OTPaxkaer pocT CNOpTHBHOH TeXHHKH HIpoKa, a MNpaBHVib- 
Hbit BHIOOP HaMmpaR.euHH yapoB — €TO CNOPTHBHY!O TaKTHKY, 
HIM <CTPATePHIOy B CMBICIC TCOPHH HPP. 
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Tourn pee cuoprapibie HPpbl (a Takexke Urpbl Tuna Boe: 
WbIX TeHCTBHH) ipeqbaBasior Kk HPPOKaAM CMCUIAHHbIC Tpe6o- 
BaHHA: C OMHOH CTOPOHbI, TpeOoBaHun sBblcoKoro KauecTBa 
CNOPTHBHOH TeXHUKH, TOUHOCTH YAapa, CHvIbl, BbIHOCIMBOCTH, 
aC Apyroli,— yMeHun TpumMeuatp STY TCXHHKY TPaBHIbHO, T. ¢. 
BbIOHPaTb CTpaTerun, GvIM3KHE kK ONTHM@JIBHbIM, WIM Ke, ect 
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Pric. 10.2. Xoa urpot Mawuner c Y€/IOBCKOM B ,uer H Heer’, 


a) NocaqeopatTesbHble mponeccer BLIPaS6oTKH CTPaTerMu Mp npHMeneHHH MPOTHBHHKOM 
MIMAHbE OAHOR OnpeheneHHoA KOMOHHaLAH XO20B, 6) XO2 HIph npa n3MeHenng. 
KOMONIGILHA, MPHMCHACMBIX TIPOTHBHIKOM -Ma@UIHHbI, 


CTpaTerua, BblOpaHHad MPOTHBHHKOM, YKJIOHACTCA OT ONTHMAaVJIb- 
HOH, TO CTpaTerHio, Matoulyio MIPCHMYULECTBO, 

CyllecTByI0T CHOPTHBHBI€ COPeEBHOBaHHS Takue, Kak CTPe@JIb- 
6a, FOpoOAKH, copeBHOoBaHHA B TIPbOKKAX, MeTAHHAX HU T. JL, 
B KOTOPBIX «<CTpaTerHueckad YacTb» Hpbi OTCYTCTByeT H HIpa 
CBOAMTCH K COP€BHOBAHH!IO B TOYHOCTH, Cie HAI BLIHOCAHBO- 
CTH. OTH CopeBHoBaHHA no CYTH lela He ABJISIOTCA «cTpaTerH- 
YECKHMH HrpaMu». OnHako Takoe, Ka3astoch Obl, MasleKoe oT 
CTpaTerHH COpeBHOBaHHe, Kak MeperaruBaine KaHaTa, M03BO- 
ACT YIVUIMKTb Pe3yAbTaT 3a cueT MaHeBpa BeJIYHHOIL ycil- 
JIMA, T. €. MONYCKaeT NPHMeHeHHe cTpaterun. 

Boxe, @extosanue, Gopb6a saBnsiorcs, HECOMHeHHO, crpa- 
TePHUCCKHMH HTpamMu. CoorHoenne cud H BlaneHne HplweMa- 
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MH BCACHIS OOS COBLAIOT TC HCAOANLIC HPCvoCblasi, Tal KO- 
TOPMIN JOTAKLA CYPONTbCA CM@WMaHHast CTpaTCrHsl MPHMCHCHH? 
IPHCMOB II KOHTPIPHeMOB Ha IIpoTAsKeHHH 6on. WH HeperKo 
lipHMeneHic «Cc YMOM» OrpaHHyeHHoro apceHada He | OYetib 
CHJIbDIbIX IIPHEMOB OKa3bIBacTCH PaBHOUCHIIM GOLIDINOL CILIC, 
GbICrpoTe H TOUHOCTH MBHOKeHUH. 

Mbp ue MOxKCM BXOAUTb 32CCb B HOApOOHOcTH CHOPTHBHOH 
Hc BOCHHOM T@XHHKH HW TakTHKH. FICccOMHEHHO, YTO BeACHIC 
OOoil HIPLI Wa OCHOBE 3HAaHHA Ce PCIUCHHA BeCr-La LACT MPC 
HMYLLECTBO HTPOKY Ha CO NPOTHBITKOM, HO SIAIONLHAT STOO 
NCHICIHISE. 


Mauinubl, urpatoulve B CTpaTerHdecKHe Hpbi 


Mout yxKe TOBOpHAH, UTO pelicHHe OO.AbUIMNCTBa KONKPeT- 
HbIX Hp, TpeACcTaBJIAIOWAXx mpakTHueckult HHTepec, TpedyeT 
OUCHb 6OcIbuUlOTO TPYLa. OAHAKO TIPaKTHUeCKHH HHTepPec K Ha- 
XOIKMCNHIO PCLICHHH HCKOTOPbIX HIp, Kak HCTPYAHO HMOHATD, 
bOCbMa BCAHK. Orcioga, @CTeCTBCHHO, CuIeayeT cTpeMicHHe 
HCHO.Ib30BaTb JL HOTYUCHHA PeIUeHHA HP WH LIA BC-eHMa 
COOKHDIX Hp, peldenHe KOTOPbIX MOuweMY-1HOO NC HANACHO, 
COBPCMCHAbIC CUCTIbIC MaWHHb! H aBTOMaTHI. 

B nacronulee BpeMa paOoTa HO CO3AaNNIO CHCHMATNSHPO- 
BAMMbIX MAHI, HPParollux B OUPpbl, WA NporpaMM HPI ATA 
VHHBCPC@MbHbIX MAWIHH pasBeplyTa AOBOMbIO WIHPOKO. QO pe- 
3yY IbTaTax 3TOH paOoTbl MbI 31HaeM Tho OO.1BILOMY 4HC.Ty CoO6- 
WeHHit O MalluHax, Hrparolwwux B HuM, «KpCCTHKA H HOKE» 
HoT. i. OTH, Kagadocb Obl, HHUTOVKHbIC MO MpakTHYCCKOMY 
ZHAYCHHIO PC3YIbTATb! He MOJKHDI, OMHAKO, Ka3ZaTbCA HAM HC 
HMCIOWHMH HWHKakoro 3HaueHHA. Hanpotus, cledyeT OTMaBatb 
ceOe oTUeT B TOM, YTO Cepbe3sHble NPHMeCHCHHA Mal iOl 
ICXHHKH B 9TOM HalpaBAeHHH HeBOSMOXKIbi O¢3 HpeABapH- 
TCJIbHOTO PCLICHHA QICMeCHTAPHBIX H MaKe TPHBHAbHbIX 3a- 
nau. Be3 3Toro tepBoro Wara HeBO3SMOKHBI TMOCJETVIOUMEe. 
VU ceroqua caelan yxKe He TOAbKO NepBbid War Ha 9TOM 
NYTH. 

Mauubl, «yMelouines Hrpatb B HPpbl, AelaTcH Ha TPH 
ruia. Tlepspili—3TO MAalIHHb!, CMOCOOHBIC BCCTH KOHCUNYIO 
urpy ¢ modo nudopMaunen c OHTHMAJbHON cTpatTerveH 
(q4ma KpecTHKOB H HOMKOB). Bropow — MallMHbl, Hparorue 
B KHEPCWICHHbIe> HIpbl THNa WalleK WH WaxMat, T. €. HEPvI, 
(LIM KOTOPBIX ONTHMalbHad CTpaTcrun He OllpewecHa. Tpe- 
THH — MalIHHbl, paCCUHTaHHble Ha BeTeHHe Arp HeONpC Teen: 
HOrO THIMa, LIA KOTOPbIX ONTHMAAbHaHA CTpaTeruA CyllecTByc 
TOJbKO B CMCUIAHHOM PaClWIHpeHHH Hp. 
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Hum -—1rpa, cocrosutas B TOM, UTO ABa Hrpoka 6epyt no: 
OtepCAH CO CTOa HeKoTopoe yNcio (bueK. OuuKy B Hume 
pasOuBaloTCA Ha HeCKOJIbKO rpynn. Kaabii urpox Oeper 3a 
OAHH XO s060e unCAO (PHUWeK, HO TObKO “3 OMHOK rpynmpl, 
H HE M€Hee OJHOH @HUIKH (MOXKHO B3ATb Cpa3y Belo rpynny). 
Mrpok, BblHyxKNeHHBI B3aTh NOCCAHIOIO PULIKY, Mpourpas. 
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Puc. 10.3. Ynpouennaa cxema MallHAbl, Urpaioueii B 
»lCT HM HeYeT*, 


B aueiikax namsari SUUHCAUHbE MOC 1OBATeABHOCTIT 13 ABYX XOXOB. Hanpnumep: ,Bpur- 
Patia* (8B), ,cxeaaaa MIpe KH xXOut* (77), »BbIHTpaaa* (B) nan pMpourpana® (//) ,Wame- 
ita Xow" (#7) u ,cuona Mpourpata* (//). 


Hum — koneunag NapHad Hrpa c HyIeBOH CyYMMOM u noaHOn 
Hu@opManuel. Ona mpnvagiexur x HrpaM oOnpejerenHoru 
THNa C COOCTBEHHOH OMeHKOH nu UnCTBIMY ONTHM4aJIbHbIMH 
CTpateruamu. B stro urpe npu 3ananuprx HaYaJIbHBIX ycw0- 
BHAX BCCrAa BbIMTPbIBACT OAHH H3 HIPOKOB, ecuIn urpa Bexer- 
cl O€3 Mpocueros *, 


—. 





* PacemotpumM Bapuant Huma c PpyitaMW H3 TpeX, yeTbIpex w maTH 
(buutex, Baturppraer peersa TOT, KTO Hewaer NepBblH XO, ecu aTOT XOg 
IP@BHIbHbIK (B3ATb gBe MuWIKH 113 rpynnbl, COCTOAULeH u3 Tpex). Tono- 
awenne (1, 4, 5) mocre nepBoro XOa HE WaeT MPOTHBHHKY BO3MOXKHOCTU 
BLIEPpaTb. [locate smo60ro ero xoma NepBbl MIpOK MOKeT npuBecty Hrpy 
V, CAHOMY H3 Ce€AYIOWHX NonoxKennh: (0, 4, 4), (0, 0, 1), (1, 1, 1), 
(2 Oy ae KOTOPLIX NPOMMPLIL BTOpOro urpoKa oueBngen, Jio6oi; nep- 


BbIH XOJ, KPOMe yKa3aHNoro, BeTeT K IPOHTPbILTy urpoka, ero chetaBwero. 
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Mrppt taxoro THMa MOryT ObITR peWelbl, WH MeXaHiisM Ad 
OCYLICCTB.ICHHS = XOLOB ONTHMA-TbHOH CTpaTCrHl pead3oBall 
B BHC 9TEKTPONNON cxeMbl. CoctaB.leHHe TakOTO poOwa CXEM 
ie MeHCG HHTCPeCHO, YM PeMICHHe WANXMATHBIX ITIOMOB, HB 
HacTOMULCe BPEMH CYLLECTBYCT MHOTO .TOOUTE1eH, NOCBALMLAlO- 
IHX Wacb! Mocyra sTOMy 3aHaTUIO. HekoTopbie CXeMbI OKa3bl- 
BAIOTCH TIDCACJIbHO TIpOCTbIMH *. 

O6bINHO MALUIHHLI TaKOFO THA HMCIOT HHAUKATOPHbIle JlaM- 
HOUKH, 34KHPAHHE H.1H PallCHHe KOTOPbiX IPOH3BOAHTCH KHOM- 
Kamil H cHcTemol pete. Tocae ovepeanoro XOa KUBOLO HMPO- 
Ka, 1oracuBllero Te J1aMIbl, KOTOPbIe COOTBETCTBYIOT B3ATHIM 
uM (bHLIKaM, HavkuMaetca KHonKa XOJI MAUIMHbI. Ha sto 
BozAelicTane pelelivad CX@Ma MalJHHbl pearipyeT Ouepe Tb! 
XOJOM B pe e.1aX ONTHMAJbHOH CTparerHu. 

AniaslorHuHo BeReTCH Hrpa B KPCCTHKH H HOJIHKIT WH OCTaedb= 
ile HTpbl c MOTO HEdopMaHel. MovkKHO CAe@1aTb VHHBep- 
CadIbHyIO CX€MY, KOTOPad KOMMYTHPpycTcsH WIA Been A OHO! 
113 HCCKOJbKUX Hrp Takoro Tula. [I[pH cocTaBACHHH CXCM STI 
MAINMH-HIPOKOB YOOHO MOJIb30BaTbCcH petelinoll amre6polt .10- 
PHKU. 

Tlo1oSubim ve O6pa30M B TPHHIWHMe MOMKHO ObLI0 Obl 10- 
CTPOHTb MallWHy H It WPPbl B WALK WH UlaXMarDy. OMHAaKkO 
OCoNbWOe UHCO XOOB B BTHX HTpaXxX H OFpOMHOe YHC.TO CTPa- 
rerHfi Heaior pellenne 9THX Hp upesMepHO TPYAOCMKUM. 
JLas pewlenHa WaxMaTHOH Mrpbl (OnpeAeIeHHA ONTHMAJIbHDIS 
erpateruH u coOcTBeCHHOH OWCHKH), Larvke C NOMOLLbIO COBPe- 
MCHHBIX ObICTPOACHCTBYIOWLUX ICKTPOHHBIX BbINHCANTC.IbHDIS 
MaLIHH, HMOTpCOoBadoch Obl MHOTO MHJIIMOHOB .1eT BBINHCII- 
TCIbHOH paOoTH. Ognako 3aqaya BeweHHA HIpbl B WlaxMatl 
IH HaUIKH MaluHHolt BbIgbiBaeT OovIbINOH MHTepec, TaK Kak 
MHOrHe MpakTuveckH HMHTepecHble Hpbi Cite Oovlee CJIOMKNbI, 
“eM TWaXMAaTbl Wu Wawku. B KayecTBe MO/XOfa K PeleHilo 
34a4H O BCACHHH MalWIHHOH COKHEIX HTP saqava O BEACH! 





* Jina mpumMepa paccmoTpHm Hum c OMHOH rpynmo u3 AeBATH, TPH- 
HaglaTH, ceMHagWaTH H, Boobute 4n+ | puuek (n= 1, 2, 3...), MpHuem 
GOpatb 3a OHH XO MOAHO HE MEHpUIC omuott KH He Oompllie Tpex uwexk, 
BHMVK LUNE B3IATL MocMesHIOIO Pullky —— Npourpad. IlpourpbipaetT B urpe 
6e3 mpocueToR BCerla HrpOK, nenaiouni mnepspiit xog. Ha mo6olt xoa nep- 
noro HrpoKa BTOpOH OTBeYuaeT TAK, YTOOKI OOmlee UHCIO (PPHUeK B3ATBIX 34 
o6a nepsnx (o6a BTOpLIX) HT. HW. xona, 6pwio paBHo ueTpipem. Mauna 
WIA BeLeHYA STOM HIpbI MPH OVepeANOM XOZe MpOCcTO BLIKMONAeT Ouepot- 
iyIO PPynMy W3 YeTLIPeX MIIMKATOPHLIX J1aMIl, B TOM HCC H Te, KOTOP! 2 
yoKe MONYWeHH! XOMOM MepBoro HrpoKa., HecmoTpa Ha MpelevibHy!o Trpocty- 
TY HIPbl, WA HOBHUKA HCXOA ee He OyeBUAeH, M MalUHTa, OObITPLIBAaIOLL ” :! 
ero TOAPAN MHOPO Pas H C NeH3MeHHbIM YCI€XOM, MPOUSBO-ANT HOTTIE 
Bea TAeHITe. 
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Hp B WallkH Hw UWaxMarthl BECbMa 34MaHuUnBa, NOCKOJIbKy 
ipaBula 3TAX HPP YeTKO ycTaHOBseHD H HIPbl HOCAT Harsag- 
HbIH O603DHMbIfit XapaktTep. ~ 

Begeune urppr p WlaxMaTbI 6e3 *xKHBOrO HTpokKa pellaerca 
Ha YHHBepca/bHon SJIEKTPOHHOH = BBIMHCJINTebHOL MaluHHe 
C NOMOULbIO chelnalbHoy NPOrpaMMbl. OOcTaHosKa wa gocKe 
BBONMTCH B MAIUHHY C MOMOLIbIO WAPpoBoro Koga, B KOTOPOM 
Mallia pa6oraer. HlonyctTumpie MpaBHdlaMH XOAbI WIA Kax- 
AOW curypp MPe€Bpallalorca B ONepalun nag 4WHC/1aMH, H30- 
OpaxkaouwluMy no3nunn @uryp Ha gocke. Mamuna MO2XKeT N0- 
OvepeAHO NepeOuparb sce BOSMOXHbI€ B MaHHoh mosuuA 
XOAbl, KaK CBOM, TaK H MPOTHBHHKa. Kagan Hosag NOSHUHA 
NOJYUaeT YHCNOBYIO OWCHKY TeM BbIlle, 4eM wyue ata MO3H- 
UMA C TOUKM 8peHHA TaKTUKH iaxMaT. B cucteme atTHx ome- 
HOK iB CYWMHOCTH 3aKOUaIOTCA RCE TAKTHYCCKHE MPHHIUMMBI 
BEACHHA HIPbl, KOTOPbIe coob6ulaer MallHHe COCTaBUTeJIb mpo- 
PpaMMbl. Ilepe6upaa Bosmoxunre TNOSHUMH Ha 2Ba-TpH xowa 
Bueped, MallHHa BbIUNCIseT yY SaNOMHHaeT BCe OWeHKH 3THX 
NO3HUHH WH B pesybTate BbIOHPaeT TOT xo, KOTOPbIH Beymer 
K MO3HUMH C HanJyume oneHKoii. Belync.ieHHbit y BbIODAaH- 
HBIM MallMHOH xoq ACKOAHPYeTCA B OObIMHbIE oOO3HaueHHA H 
N€daTaeTca aBTOMaTHYeCKH Ha OYMaxKHOoH steuTe. Ouennsaer- 
CH HE TOJIBKO B3ATHE Puryp wv nemeK B COOTBETCTBHH c Hx 
AOCTOHHCTBOM (KOpOJb uMeerT OUCHKY, 3HAYHTEIbHO mpeBoc- 
XOAAWLYIO BCe Epyrue urypbl), HO uw Takne ocoOeHHocTH pac- 
NOMOKCHUA PUTYP HM TewWeK, KaK CABOCHHBI€ NelKU, Mpoxoz- 
Haw Neulka, NPOABHKeHHe NeUKH Bnepea HT. a. Kaxnag v3 
STHX OCOOeHHOCTeH HMeeT cROIO <UCHY>, OTPHUATeJIbHYIO HH 
NOOKHTCbHYIO, OTACAbHO BAA CBOHUX @Hryp MH oTReNbBHO aA 
Puryp nporuBunka. O6mana oueuka NO3HUHH PaBHa CyMMe 
YaACTHbIX OLEHOK, 


OueHKH MOxHO, PasyMeeTca, RelaTh pasnHunprMy cnoco- 
OaMu, 4 3TH cnocoépI Hep aBHOUeHHHI. 


Mautuna, urpaiomaa NO TakOH Mporpamme, BLINOJIHACT 
H€KOTOPbIe ONepauHH u3 YNCHA TeX, KOTOPbI€ BbINOMHAeT 
teJOBEK-WAXMATHCT; MPH 3TOM OHA daurasupyer npn RbLAY- 
MBIBAHHH XOJOB B Mepy OTBeACHHBIX ef; Ha TO TBODYeCKHx BO3- 
MOMKHOCTCH. YBeanyenne atux BOSMO2KHOCTCH TpeOyer paciun- 
PeCHHA NaMATH MaUlHHE c TeM, YTOOM! 4HaqH3 nosHuui Mor 
PacnpocTpaHATbea Ha Goubiree HCO XOXOB Brepen, Tlorpe6- 
HOCTb B €MKOCTH NaMsaTH c POCTOM YHCJIa aHaaH3sHpyeMbIx xo- 
AOB BO3PacTaeT upe3BEualino 6bICTpo. 


IIporpammpr ITOTO Tuna AIH HIPbl B WlaXMaTbl HW lWautKu 
CTPpaarorT OTCYTCTBHEM TaKTHYecKoro 3aMbICJIa, OOllLero Waa 
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BeeHHA Hrpbl, paccuWTanHoro Ha GosbLIGe YHCO XOLOB. ITOT 
HemocTaTOK He AMBIAeTCH HCYCTPaHHMbIM, H, BO3MO7KHO, cy- 
wiecTBYIOT Apyrve THMb! MporpaM™M, He oGMamalwllHe STHM He- 
LOCTaTKOM. 

Mauna, padoratoulasd 10 onucanHoh mporpaMme, urpact 
B IWAXMATbI BIOJHE KOPPCKTHO, coOu1iomant mwpaBu.la Hrpbl, He 
Mestad rpyObix MpoMaxoB H ucnONb3yA OWUOKH MPOTHBHAHKa, 
Onako CHIbHbIH WaxMaTHCT MOKeT BBIHTpaTb MapTHIO y Ta- 
KO MALLHHBI, IICCKO.IbKY Mallia urpact B chay cnopremMeHa- 
WaXxMaTHCTa yeTrBepToH-TpeTbeH KaTeropHu. 

Oco6eHHO 3aMCTHbI HCLOCTATKH mporpaMM Takoro THIa 
B TapTHAX «MOSHUHOHHBIX®, B KOTOPbIX OTCYTCTBYET BOSMOK- 
HOCTb 3aMCTHOTO H3MCHCHHA OOcTAHOBKH Ha MpOTHAeHHH He- 
CKOBKUX XOMOB. ITO HATOCTPHpyeTca 3a0aBiILIM 9TH300M 
Cc OMHHM U3 TIepBbIx cocraBuTeiell mporpaMMbl JWI Hrpbl 
8 UAliKi, 0 KOTOPOM paccKasbLIBact K. Ulsuuon. [locate co- 
cTaBeCHHA MHporpaMMbl ce MpoBepKy 6p1o pelleHo MpoBecTH 
NOCPCACTBOM HIPbl MalNHITbl C maummuou. [JporpamMMa urpbl u 
HCXOULAA MOZIMA Ob BBCACHD B Malluyy, W Opa HawkaTa 
nycKOBas KHONKA 1d TePBOTO xona. Mauiaua padotaja B TC 
NeHHC HCCKOJbKAX CeKYHT UW 3aTeM 6oupo Haneyartaa: 
«A claroch!>. 

IIlaxmaTubie 3amauit ABYX- HM TpexXxOAOBKH OUCHb XOPOLIO 
pel alorTcs Maunnol, paOoraioulen m0 mporpamMMe C OUCH: 
KaMH. 

B o6sacTH BeeCHHAH MalliHHaMit KHEPCIICHHbIX» HPP, He- 
COMHCHHO, elle MHoToe OykeT CACMAHO B 6nnoKaliulec BpeMd. 

BecbMa clOKHBIe 3acaun BplOopa cTpaTerHi B BOCHHBIX 
omepamuaAx, B BOMNpOocaXx OUTHMaJIbHOrO WalaHupoBaHis MPO 
MbIULICHHOM, XO3HHCTBCHHOH H ANMMHMCTPATHBHOM AeATCJIb- 
HOCTH B Ppa3JHUHbIX MacuiTa6ax ABIMIOTCA Kak pas TCM TH 
MoM 3ahau, KOTOpbIe NpakTHYecKH HepaspCluHMb! TONHO MPH 
pelicHH HX «BPY'Hylo», 6e3 nomown MamnliHH. [lpumerenie 
MAIMHHHOTO PCWeHHsA KOHKpeTHBIX HTP PB 9Tux OOAaCTAX M0- 
BBONUT 3AMCHHTb MpPHOJTHAKCHHDIC <MHTYHTHBHbIe» peuieHnd 
(xoTopble HHOrga MOryT ObITb TWoOmpOCTy HCBeDHBIMH) TOUWHBI- 
MH, ONTHMAJIbHBIMH PellCHHAMH, 4TO, YUHTbIBAA MacilTaObl, 
AOJKHO MpHHecTH Topa3Ao 6o.1plle MOMb3bI, WLM ABTOMATH3A- 
HUA JIOOBIX OTTeTbHO B3sITBIX HpOWeccoOB MpOH3BOACTBA. 


Ewe pa3 0 HeOrmpeqesteHHbIXx urpax 


HeckoadbKo HHO XapakTep uMeeT 3amava BeeHHA Malli- 
HOH HEOTIPETeJICHNbIX Hrp THI onucaHHOl Bbillie Mrpbl B <del 
u HeueT», T. @. Hrp, B KOTOPBIX OTCyYTCTBYIOT ONTHMAIBHBIC 
354 
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MHCTbIe CTpateruu. Okasbipaerca, p H’pax 3TOro TuNa MaltnHa 
HMeeT O0.1ee BEICOKHe CNOcOOHOCTH, eM desOReX. Jle10 B Tom, 
TO He€OBEK 1B CHAY BDOKAeHHOL BOCIHTAHHOH ONbITOM TIpH- 
BLIUKH RCHCTBOBATb PaUHOHAaJIbHO, T. €. B COOTBETCTBHH ¢C He- 
KOTOPBIM HAMCYCHHBIM TWaHOM, MOUTH He cnocoOenH BecTH 
H’py Hayrad, HMUTHPyaA CBONM TOBE ACHHEM 4HCTO cyyalinpiit 
mponecc. A uMeHHo tTaKoli uncto C1YYaHHbI BbIGOP xXoOOB 
B Hrpe «<uer HW HeveT> H cocTaBaserT ONTHMAJIbHYIO CMeLIaH- 
HylO cTpatTerunw. 


OwHa 43 nepBblxX mamuy TakOro poOda HTpana HMeHHO 
B«<ueT H lever». Ita Manuva Opa paccuuTaHa Ha urpy mpo- 
THB INPOTHBHHKa, MpaMeusioulero ONPCACICHHHbIe 3aKOHOMep- 
NBIC CTPaTerHu — TlocaeAOBATCIbHOCTH XONOB, H He NPHMeHa- 
‘Ta ONTHMA.1bHOH CMewaHHol cTpateruy. B coctap  mautuHBt 
BXOMHJIO OKOJIO COTHH peure. Yewqosek, urpasmuiy NPOTHB Ma- 
INMHbI, (Cal BEIGOp H3 ABYX BO3MO%KHOcTell («uety Hay 
SHCHCT», <a> WH <HET>, KKpacHoe» yay «3CJIGHOe>) H coO6- 
iad BCAYX O CBOeM BHIGOpe, HO He PBOMM €rO B Malnny. 
Aanee HaxkuManach NYCKOBaA KHOMKa MAUIHHbI, Mallya ca- 
MOCTOATCIbHO (Hayrag) menana BLIOOp H3 Tex xe ABYX BO3- 
MOXKHOCTeH H OObABIAIa O CBOeM BbIOOPe 3axKHTaHHeM ONHOT 
H3 ABYX CHTHaJIbHbIX sama. Ecay BhIOOp MAaUIMHBI coBnanan 
C BBIOOpOM YenoBeKa, Maluna BBIMTPbIBa1a, B AP OTHBHOM 
CYTae — MpourpplBata. Pesyaprat «“MaPTHH»® BBONHICA B Ma- 
IWHHY NaKaTHeM OHO H3 ORBYX NPC HA3HaYCHHbIX WIA 2TOrO 
KHONOK. Jjavice urpa nponoumKaaach TeM *KC Topsnkom. Ma- 
HHA 3ANOMHHAa CBOH XObI PESYIbTATHI KAKLON mapTun, 
a4 3a€T€M OOHAPyKuBala B CEPHH 3aNOMHCHHBIX JanHblx 3aKo- 
HOMCPHOCTH, CNQHHCTBEHHBIM HCTOUHHKOM KOTOPDBIX OblJla TeH- 
ACHIHA YCOBeKa HTPaTb «pa3yMHo» 4 NCPCXuTPHTb MauIMHy. 
Ha ocnoze OOHaPV2KeHHBIX SaKOHOMECDHOCTeH MalIHHa mpou3- 
BOAWa SKCTPanOJALHWw HL NPCAVrablBadla XONbI weOBeKa. 
Pa3ymeeteca, 970 YHaBalOCh eH He BCerga, HO B HEKOTOPOM 
WHCIe CAYYaeB yNaBaocn. 


Cuataga urpa MpOTeKala c TepeMeHHEIM YCII€XOM, HO 3a- 
TCM MallvHa TocTeneHHo HaunHana BBIHTPLIBATb BCe dalle y 
Wall€, 4 MPOHTpbIll venoBeKka CHCTEMATHYCCKH BOSpacra.t, 

M3 o6mero unena 9795 NapTHH, CbIrPaHHBIX MallUHO co 
MHOTHMH NapTHepamn, MallwHa Bblurpasa 5218 y npourpaua 
4977 naptuit. IIpasza, cooruomenue sto He OY€Hb MOKaga- 
TeIbHO, MOCKOJIBKY Hrpbl ObICIH OobuleH YacTHIO KOPOTKHMA 
H NPOROKAaNHCh JIMWb DO Tex NOP, MOKa MallMHa «yynmachy 
H’PaTb C NaHHbIM TapTHepom, NpeKpallaich, Korgqa Malina 
HauwdHada BhIMTpbIBaTb. Ecau ana ouenxu TIPCANONOKUTb, YTO 
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HomyUeHHOe COOTHOMEeHHE BHIMPPaHHbIX HW TPOMrPaHHblx map- 
Tui ABHVIOCb pe3ybTaTOM CJyuan, 4 we Obl1O OOAZSAHO KAYE- 
CTBaM MA@UIHHbI, H WOACHHTaTb BEPOATHOCTb TAakOrO Pe3syiibo 
Tata B MpedtouowKeilnn, WTO BbIHTpPbILL H WpOuTp bill M alll H HbI 
B Kaxki0li WapTHH paBloBeposTHbl, 10 BEPONTHOCTh OKaKeTCA 
HHYTOKUO Madoll — HoprAKA 10-10. TaxumM o6pa3om, Mauinia 
Ha MpakTHKe MOKasajla CBCIO cHocOOHOCTbh HCNO.Ab30BaTb OT- 
KJIGHCHHA OT ONTHMaJIbHOH CM@LUAHHOH CTpaTerHH, CBOHCTLeH- 
able UcOBeKYy. SAeCb CHOBA YMCCTHO HANOMHMTb, 4YTO HeBHH- 
noe oopMucHHe 3TOLO 9KCMePpHMCHTA B BHAC MeTCKOHW Hpbi 
qeT H Heucrs He ZOJ2KHO HAKOTO OOMAaHbIBaTb, HOO B TPHH- 
LMNe TMpHMCHCHHe CMCILAHHDIS cTpaTerHit CBOHCTBCHHO GOJIb- 
wioMy 4HCuy Hrp, HHYCTO o6ulero He HMeIOWLNX C METCKAMH 
pasB/lcdeHHAMH. 

}inrepecHo, ITO BOKPy? Ma@lNHHbl JWId wrpbl B «<ueT H He- 
yeT», O KOTOpOH Mbl TOBOPHIn Bplile, BOZHHK Cnop Oo HaHdy 
WIHX MeTOMaxX 9IKCTPAanovJAWHH clyuaHHblx mpoweccoB # 00 
ONTHMaJIbHOM YHCC WapTHl, MO KOTOpOMY qowkKua MpOu3sBo- 
AUTbCA SKCTpanovishnd. B pesylbTaTe cnopa 6bija MocTpoe- 
Ha Bropad Mallia, paodoraBilad IO MeHbUIeCMYy YHCly MWap- 
cult. Jia HX CpaBHehia 6bwWld CKOICTPYHPOBdHo yCTPOHCTBO, 
cBa3bipaBuiee OGe MaliHHbl H BBOAUBUICe XOAbl OAHOH B APY: 
ryio H HaooOpcr. Ode MauINHbl OblIn 3aTlyuicHbl B urpy apy? 
MpoTHB Apyra. HecObllbili MATY MallHH BbIsBadl OypublM HH- 
Tepec COTPyAHUKOB njaoopatTopiH, Fle NPOH3BOAMICA SKLTME- 
PHMEHT, H 3aK-HONCHHC 6o.1bulOrO UHCJla NapH. 

B pe3yibTaTe CcOpcBHOBaHHa BLISBUOCb 3aMeTHOe TIpea: 
MYyULCCTBO Maliiibl, paooTaBiuleH mo MaJlOMy uncJly NapTHH H. 
TAKHM OOP430M, uMesuiel Golee GbicTpylo peakLUuto (ee aBTo- 
DOM ObL1 BCe TOT 2KC Kon, WlaHHoH). 

Onucalnble MQUIHHbI He MpHMCHAIOT ONTHMaAbHOH CTpa- 
reruu; ee npuMeucHue Bcerd HpHBOAHNO Obl Hrpy K HHYUbeCH. 
[lostomy cyulecrByeT cTpaTcrin IpOTHBHUKA, nMparollero 
HpOTHB MaIMHHbl, KOTOP a obecieunBaeT CMY BHINTpbiil y Ma- 
UHHbI. Onskako 3Ta crpaTcris He oueBigHa, YTO H NPHBOAUT 
K MpOWrpbllly HCHOMPOTOB.ACHHOrD OMIOHCHTA. 

Urak, weoBeK B COpeBHOBAaHHH C MaulHHoH B Cuyyae He 
onpesmei@HHbIX HIP oxagbiBaeTca Oovice ClaObIM. ITO, OAHAKO, 
He sipalseTca HemonpaBHMbIM. Mui yxKe POBOPHAH, YTO UeJIOBEK 
uMeeT CBOHCTBO MCHATb CBOH peakiliH B pe3syAbTaTe Hason- 
nenua onbita. B ganioM cuJy4ae MaiuHHa «OT PORK EHNA? 
uMeeT CMOCOOHOCTb 'BeCTH HeolpedetedHble HIPbl HaHJYULIUM 
o6pa30M, H YeJIOBeK, aCTYMHBIUHH C Hel B copeBdoBaHHe 6e3 
npeaBapuTevIbHOw TPCHHPOBKH, OKA3SbIBACTCH nonpocTy Heol: 
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POTOBCHHBIM. OH MoKeT yuly4ulMth cRon PC3VJIbTAaTbI B HTpe 
C MalIHHOH, eCJIM cymMeeT c nomomtIo TPCHHPOBKH pa3BHTb 
B ceOe coorpercrByioulne cmoco6uoctu. TIpapaza, B nanyow 
CTyuae 3aaya NOBOJIbHO cOxKHa, NOCKOJIBKY OHA COCTOHT 
B BbIDAOOTKe 4YNCTO CyYaltHoro NOBeACHHA, YTO NpoTHBOpeUNT 
YCTOHYHBEIM MpHBbIUKaM. Uenbit pax daxtos yOexK1acT Hae 
B TOM, UTO Takoe OGyyeHHe, KaK HU BCHKOe Mpyroe, BO3MOXHO. 
O6 9ToM roBopuT onbiIT ATpbl B MOKCp — THNRYHYIO urpy He- 
OupewemeuHoro Tuna. Kpome toro, HEXOTOPble 9KCTeEPHMeHTBI 
C O6y¥eHHeM NaloT BO3MOxHOCTE MOATBEPAHTb 3TOT BbIBON. 

IIpeacraBum ce6e, uto WeJOBeKy (HCNbITyeMOMy) Muore 
pa3 MOBTOPHO mpeamaraior ucnplranne OTHOTO MH TOrO x*Ke Tu- 
a, HaNpHMep, eMy Tpenmaraetca pa (bone xaoTuyeckn pac- 
NOJOMKEHHBIX MATCH OOHAPYKUTH PHCYHOK HIM y30p, KoTOpBIti 


Ha CKPbIBaIOUleM ero (oHe pacnpeneteHa B coopsercTBH4a 
C HEKOTODbIM BEPOATHOCTHBIM 34KOHOM, HCIIBITYEMBIA 10 cBOe- 
MY YCMOTPeHHio copTupyer SaPTHHKH Ha 2Be rpynnet: 1) rpyn- 
Ta, 'B KOTOPOH ecTb pucyHoK, 2) rpyumla, B KOTOpoH Her pu- 
cyHkKa. IIpy stom on mMoxer COBCPINaTb OINHOKH ABYX TuNOB: 
a) OTHOCHTB KaDTHHKY C PHCYHKOM Bo BTOPpylo rpymny 4u 
6) oTHOcHTE KAPTHHKY 6€3 pucyHKa B mepByto rpynny. Mra, 
Bce ero peakunu (copTupoBKa KaPTHHOK) cCocTOAT H3 YeTbIPeX 
evcTBu: mByx NPaBHJIBHBIX H ABVX OWIHOOUHBIX. O603HauuM 
HX CJICNYfOWLHM O6pa3o0m: 

I (44) u I (~~) — npapaspupre neictBua; TIT (._) y 
LV (5) HeNPaBHIbibre (NepBbt 3HaK B CKOOKAaX COOTBET- 
CTBY€T HaJIHUHIO pucyHka, BTOPOH — Xapaktepus3yer ornece- 
HHC K COOTBeTCTBYIOLLel} rpymne). 

ITpenctapum ce6e, uto AeHCTBUA HCMbITyeMOrO sABASIOTCH 
wolaMW B HeKOTOpOH urpe mpotus H€H3BeCTHOrO NpoTuBHuKa. 
Kaxkapiii npasnapnpii xon J nan IT npunocur eMy Hekotoputti 
BBIMTPbIIN @), A, a ouMOounDI TI] 4 [V—-npourppm az, a: 
(21, a2 > 0; as, @, <0). Ycranosum BEJIHUHHbI Q), Q2, Qs, Qj, 
COOOWIHM Hx HCNbBITYEMOMY H Oyttem ero NOOULPSATh H Tpado- 
BaTb B COOTBETCTBHH C YCTaHOBeHHBIME OWE€HKAMH. STO Mox- 
HO NelaTb, H60 BbINauiBad CMY MeHeKHbI€ CYMMBI WH eas 
BEIN€ThI H3 BbINTaT B KayecTRe UITpaos, WH60 mpumeuna 
HHbIe MePbI BO3RelicTBUA THILa aDME€HCKHX BSbICKAHN HW To- 
OWUPeHHH HT. on. 

AcHO, 4TO BeTHUHHD [1, G2, Q3, Ay ROKHEI ObITh NOT06- 
PaHbI B COOTBeTCTBHH c PacnpezeseHHeM BepoaTHoctelt nogp- 
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WeHud PUCYHKOB B KapTHHKAaX TAK, UTOObL HCMIbITYeMbIM NpH 
xopomel paoote Nowysa OT Hee HeKOTOPbIH BBIMTPbIl, T. ©. 
padoTal Cc HOMOKUTCADHOH 3anHTepecoBaHHOCTDWO. He 6y2em 
BXOTHTD B LeTastn MoLOopa BCHYHE WTpawoB H Tlooulpe uu, 
460 3TO OTBICKNO Obl Hac OT T1aBHOTO- 

Tenepb 2aquM HCIIbITyeMOMY NopadoTaTh HeKOTOpOe BPe- 
Ms, UTOOb! OH Mpouiey NepHos KOOVYCHHA», a 3aTeM TOACUH- 
raeM H 3acduKcHpyeM UHCIO eFo IIPABHAbHBIX H OWN OOUHDIX 
evicTBuH. 

QZareM MOBTOPUM TOT %Ke SKCHEPHMECHT C TEM 2K HCIIbITYE- 
MbIM (H1H JTyUWe © TOH xe rpynmnou UCMBITYEMBIX), HO ¢ APy- 
THM OWLCHKAMH, HW CHOBa MOACHHTAeM YNCO NPaBHJIbHbIxX H 
OWHGOUBLIX PeakUAH. 

Kak moka3blBaloT TIPOBeAeHHBIe 9KCICPHMCHTbI TaKOTO TH- 
a, pCakUMH HCiIbITyeMOro MCHSIOTCA IIPH H3MCHEHHH OLLCHOK, 
DkcnepHMeHT MNPOH3BOAMICA C onepaTopaMH, OOH ap VKHBAB- 
IIaMH CUrHad onpeseicHHon (pOpMbI, HO IpOH3BOJIbHOHW 'BCJIH- 
UMHbI H pacmosOwKeHHA, Ha (bone WyMOB Ha 9KpPaHe 3J1eK- 
TPOHHO-.1yueBOH TpyOKH HHANKAaTOpa. 

Yrenuucuve wrpada a; 3a <MO%KHYTO Tpepory», T. e. 34 
oTHeceHHe caryyad HeT MO omm6Ke B KaTeropiio ecTo (3); 
peicT 3a COOOM yMeHbUIeHHe ouHOOK DTOrO THIa H YBeJIRNE: 
Hue oWNOOK THIa (+-), T. €. OTHECCHHE cyyan ecTb oummodo4-: 
HO B Kateroputo HeT. STO O3HATaeT noHHmKenHve Nopora uyB- 
CTBHT@bHOCTH ollepaTopa K CHTHadly. TlonwxKeHve TWaTE a 
3a T1paBNbHoe OOHapyKenHUe curHasa (4+) BeweT K TOMY 2K* 
pesybTaty. 

Moxkuo ChopMyJIMpOBaTb pesyJibTal 9KcTepHMeHTa CJIe- 
nyiouluM o6pa30M. Onepatop B pesyabTaTe o6yweHHA Haun: 
HaeT padotaTb Tak, uTOOL! O6ecHeuHTh cede MaKCHMaJIbHBIn 
BLIHTPbUH B Urpe, BbipadaTbLIBaA WIA TOTO TE peakilHv, KOTO- 
pple BeLyT K 3TOMY pe3y/IbTatTy, HCXOAA H3 elHcTBYlOWlAxX 
OILGHOK. 

Camoe uutTepecioe B 9TOH CepHi 9KCTIeEPpHMCHTOB, NOAA: 
wyit, TO, 4TO, noobie TOBOPA, BOSMOZKHO PelICHHe o6paTHos 
3aiaun. CTaTHCTHueckH H3ytas peakuuH onepaTopa, MBI MO- 
*KeM YCTAHOBUTb Te OWCHKH BOZMOMHBIX Pe3YIbTATOB ero Pa- 
6oTE, 'B COOTBETCTBUH C KOTOPBIMH on padotaeT. B pane CuTy- 
yaep pelleHve TakOH 3a7auu mpeActaBaeT HHTEPEC. Motus, 
KOTOPbIe PYKOBOAAT WeATebHOCTbIO WesoBeka, pellaroulero 
TY HIN WHylO 3a7ayy, uHaue rOBOpA, Beylero Ty WIM wRYy!O 
urpy, wacTO ObiBaIOT MHorooOpa3Hbl W CKPbITHI OT Henocped- 
cTRCHHOrO HaO.1KOACHHA. Usyuad peakin uemopeka B xowe 
peuleHHa 3aauH, T. ©. B ipowecce BeeHHA UPD, MOMHO C1e- 
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TaTb OMNPeACeHHble BLIBOABI O TOM, KaKOBbI xe HCTHHUBIE 
eH, KOTOPbIe OH IpeculeqyeT, H KAKOBbI Te OLeHKH KOTODBI? 
OH NPHAaeT TEM HIM HHbIM PesysibTaTaM. 

TakuM o6pa3om, cratucruKa PpeakUHH QaeT KINO K CKDBI- 
TEIM TICHXOJIOTHY@CKAM MOTHB4M YesoBeuecKoT{ MeATeJIbHOCTH 
Takoro poya anasu3 Moxer OnITh IMPOW3BeEeH KOWHYeCTBeHHO 
H BIOJIHE CTpOrO Ha OCHOBaHHM MaTeMaTuyeckoll TCOPHH Hp 
IYoqo6Huli aHaau3 Moxer KOJIMYECTBEHHO YCTaHOBUTb u3Me- 
HCHHA KPHTEPHEB OWEHOK IPH JMOMMOHAJIDHIX CABHTAaX B NCH- 
XHKe. OTHMH MeTOLAaMH MOKHO BecTH CTporo KOJIH4eCTBeHHOe 
H3y4eHHe OCOGeHHOCTeli MCHXOJIOFHH YewOBeKa. B uacTHocru 
NOMCO3HATCJIBHbIX MOTHBOB, YCKOJIb3aI0ULUX OT ‘caMoHabmo4e. 
HUA HMCNbITyeMoOro. 
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POBOT, ROTOPHT MO’ BH BOUITb 
YMHEE CBOETO ROHCTPYRTOPA 


B nmpeabpltyutAx TiaBpax Mbl o6cyKlan ABIEHHA HW NOHA- 
THA, CBAZQHHbIe C YipaBeHHeM SHCpPreTHyeCKMMA cucTeMaMHu 
nocpexcTBOM CHPHasoB. ITH ABNEHNA HTH NOHATHA OOW 
KaAK WIA YIMPaBAAIOULHX KHOePHETHYCCKHX cucTeM, co3jlaH- 
HbIX UCOBCKOM HCKYCCTBCHHO padH TCX W.TH HNbIX IPH MCHE- 
wut B TeXHUKe, TAK HW JIA KHOCpHeTHUCCKAX CHCTEM ecTECT- 
BCHHOFO MPOHCXOAACHHA — HKHBLIX OPTAaHH3MOB. TlockouIbKy 
Takan OOWLHOCTb ABICHHH MAA *KHUBOH H He7KMBOH MPHpCHbl 
cyllecTByeT, HEOOXOAHMO MPOCJleAMTb, HaCKQJIbKO HadeKoO 3Ta 
o6ulHocTh mpoctupaetca. Mbi yxe emai Takyto NOMbITKY 
B rape 0 pa6oTe Mosra H CeHYac MPOAOKUM CC, cienaB He- 
CKOJIbKO 3aMeUaHHH OTHOCHTCbHO BO3SMOMKHOCTEH W3MCHATb 
CBOIO CTDYKTYPY B COOTBETCTBHH C BHCUTHUMH yYCJOBHAMH Wi 
BOZICHICTBHAMH BHEIWHeH cpeAbl, KOTOPbl€ HMCIOT *KUSHIC op- 
raHH3Mbl, C OHO CTOPOHb!, U HeAKUBbIe MCXaHM3MBI, c apy- 
rok. 

3yech elle pa3 YMeCTHO TIOBTOPHTb Ce LyIOUlce. MbI a.1e- 
KH OT TOTO, UTOOHE HEMOCPeACTBEHHO CPpaBHHBaTb Ma- 
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WIHHBI MH OPraHusMbI UM WeaTb KaKue 6H TO HH ObIIO yrBepx- 
ACHHA, XOTA Obl OTHaNeHHO NpHOMKaroulneca xK YTBep XK 1e- 
HH10 0 TOM, 4TO «MO3r YenOBeKa — 9T0 cueTaiaq Mauluna» v 
T.1. DXuBoH oprann3m uy mo6an COBpeMeHHaNd Mauruna mpen- 
CTABJIAIOT CO6oH B LeOM COBEPINeCHHO pa3vIMuHbe Beutn. H no 
COCTaBY, H MO CTpyKType, H no PYHKUMAM, H nO XapaxkTepy 
MPOT€KalouluxX B HHX (bu3H4ecKHX NPOWeccoB, H NO yc10BNAM 
CyULeCTBOBaHHA, H, HaKOHeL, no HCTOPHH HX BO3HHKHOBeHHA 
H Pa3sBHTHA OHH COBePLIeHHO Hecxom Ht Mexay co6ok#. MW tem 
He MeHee B MPHHUMTIe OHH mNMpegctaBaaior coOoH sBjqeHnaA 
OAHOrO M TOTO ke NOpAaKa, TaK KaK HU Te H -pyrue cyTb 
KHOepHeTuyeckHe cuctemp. HMCHHO NO3TOMY onNycrumo 
H HYKHO CPaBHHBaTb HX cBOlicTRa H BO3MOXKHOCTH. 

Maumua scerna, unefino x MaTepHaJbHO, cosmaerca ee 
KOHCTPYKTOPOM — YeOBeKOM. | Yesopek — ato 2KHBOTHOE, 
yMerollee CO32aBaTb Opyaua UH HHCTPYMEHTHI, B TOM YHCIe H 
TAKHE CJIOKHbIC, KaK KHOepHeTHYecKHe MallvHbl, MomMorato- 
HIM€ CMY BBINOJHAT He TOWIbKO busnueckyw, HO WH HHTeMeK- 
TyabHyIO pa6oty. Cosnapag MalllHHY, KOHCTPyKTOp scerga 
HMeeT Neped coOoli sanauy, pemenne KOTOPOH MKTyeTcA HeOb- 
XOAHMOCTbWO, BBI3LIBaIOWel} BHYTPeHHHH SMOMHOHAIbHBIM CTH- 
My, HM€HYeMbIN Kesaunem. 


Pemenuve crosmett Tepe KOHCTPYKTOPOM 3anauH MomeT 
ObITh NOCTHTHYTO, Kak H PCWeHHe BCAKOH Apyro 3anaun, pa3- 
HBIMH HePaBHOWeHHbIMH TyTaMy y MeTonamMu. Koucrpyxtop 
H3 H3BeCTHBIX €MY MeTOZOR BbIOHPaeT TOT, KOTODHIIt OH cUy- 
TaeT HaWAVUWAM. OtoT BEr6op ONTHMaIbHOTO BapHaHta, 6y5 
OH TIPaBHeH WIM OWH6oUeH, NPCRONperteNAeT CTPYKTVDY Ma- 
INHHbI MH CBA3AHHbIE C Heli OcobeHHOCTH PY KUHONH DO BaHHa|. 
pyrue, OTBEPrHyTble KOHCTPYKTOPOM BapHaiThl CO BCeMM HX 
TaCTHYHBIMH ROCTOHHCTBAMH ocTaloTcs B CTOPOHe, B 3aMBIC- 
‘aX, B TONOBe KOHCTPyKTopa. Peanu3yempli Bapuant Romno- 
WaeT B ceOe AHMIb YacTh 3HaHnit KOHCTPYKTOPa, OH BCerga 
OemHee To cBoemy CORP KAHHIO, YM TO, UTO MOF OBI CO31aTh 
KOHCTPYKTOP B Haeae, 6e3 yuera MaTePpHaJbHbIX OrpaHHue- 
HHH. B 3tom empicvie AYXOBHO@ RUTA KOHCTpVKTOpa — mMaumt- 
Ha, BOMPeCKH U3BeECTHOMY MIpaBuJly, He HAeT Mabie cBoux 
ponuTeen., 

Co3 manne YCTPOHCTBA, BEITOHAIOULero NaHHyto PyHKINI, 
€CTb 3aNaua Bcerga G6omee OOWMpHas, 4em camo BbINMOJIHEHHe 
3TOH MPyHKIUHH. 

Mmea B BHAY uMeHHO TaKOH MOAXON K co3q2HuIO MalmMH- 
PpoOoToB, HMeIOlNx YTHJIHTAPHY1O ILeHHOCTD, HETPYAHO y6e- 
AHTbCH, HTO BCe oNnepauun, KOTOPbIe CNOCOOHBI BBITIONHATS 
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poOoThl, 3a.10%KeHbI B HUX xoncTpyktopom. Jlaxe B TeX CY" 
yaax, Kora pooOoT no Powy cpoel WesTeIbHOCTH MelaeT BbI- 
Gopbl H CaMOCTOSITEADHO IpHHHMaeT peleHHA, HSMCHACT peak- 
UHIO H IIpOH3BOAHT caMoHacTpolky, 9TH pelleHis TIp HHH- 
MaloTcs HM Ha OCHOBaHHM KpHTepHeB H ipaBHs, COOOMLEHHBIX 
eMy KOHCTPyKTOpoM 4 pe aJIM30BaHHbIx mu60 B Bue CTPYK 
TY PHbIX ocoOecHHocTeH MallHHHb, 1H60 B BUde CHrHaOB HIM 
KOMAHA, 3a(PHKCHPOBaHHbIX B NaMATH pooora. 

KoucrpyktTop Bceria 3HaeT Sombie, uem pobot. WH xorTa 
KOHCTPYKTOP He ycieBaeT CuiCAUTb 3a paOoTol podoTa BO BCEX 
meTaJlaiX, XOTA HekoTOpble 3JleMeHTAaPHDIlc WJIH CJTOVKHbIe OTe- 
pau poOor BbIMOJIHACT, He coobiiad 06 3TOM YevloBCKy, 4 
KYCYIKUBBIE> POOOTL BBINOTHATOT Bce OONbUIe UACTO UCJIO- 
BeueCKHX ollepaal, Oeps Bce 6omee NH Govce CclOMKHbIC 3a- 
nan “3 pyK WesoBeka B CBOH,—— BCe Ae yeJOBeK BbILyMa/l 
po6ota H cosqat ero, a He poOoT BbIyMal HW CO3TasT MCJ1O- 
Beka. 

Moxer ObiTb, B 3aBepilieHHe CeTOBaJ0 6pl LOGaBUTb, Kak 
sTO weslatlor MHOTHE: «....H HuKOrAa HE co3mzact!» Ho Mbl BO3- 
nepxKUMCA OT TakorO YTBCPAACHHA, HeECMOTPH Ha Ka3asOCb 
Onl Kpalinioio PaHTacTHYNOCcTh POTHBONOJIOKHOM BOSMOKHO™ 
cru. Boz gepaKHMCA AIA TOTO, uTOObI OOCYAHTb, MEMCTBUTCABHO 
nH UeNOBeK, KONCTPYKTOP KHOepHeTHUeCKOl =CHCTCMBI, AB’ 
NaACTCH CLHHCTBCHHO BO3MOAKHDIM HCTOUHHKOM HM TIpHuHHor 
3JROSIOILMH POOOTOB WH HET JIH nyteH K CO31alHt0 po6oTos, KO- 
Topple caMH, 6¢3 BAOKeHHOTO B HUX «HdeHHOrO coOswepwKa- 
HHA», ObLTH Ob! CHOCOOHDI TO BO3ACHCTBHCM BHCHIHHX BUIWA- 
Hui MCHATb cBOIO cTpykKTypy H (byHKUHH, pasBHBanch M 
sBOJIOWHOHUPYA «MO MYTH K COBCPILeHCTBY>, Kak 3TO CBOH- 
CTBCHHO DKHROMY Mupy. DakT CaMOpasBHTHA, 5BOIOIHA O€3 
pMellaTesIbCTBa TROPA, MOA eHcTBUCM 3AKOHOB TIpHpOMbl HE 
npeacraBideT COOOH AA ecTeCTBOHCHBITATeTA WerO-TO HOBOTO 
HW HeBMWaHHOro. 

Bo3MOXKHOCTh CaMOpa3BuTHA, «caMoopraHusallHH» KHOep- 
HOTHUCCKHX CHCTEM Peabo cyllecTByeT, B Halu HH BeLyTCA 
JKCIEPHMCHTaMIbHbIC paOOTbl, B KOTOPbIX UccJeAyeTCA 39Ta BO3- 
MowHocTh. Maen caMoopraHH3yloulixca CuCTeM CBA3AHbI 
c umenem anrinuanuua B. P. Am6u, KOTOpbIM OHM H3 Mep- 
BbIX HX BbICKa3aJ. 


Camoopranu3yloulneca CHCTEMDI 


Mp OyeM Ha3blBaTb CaMOOPFaHA3yIOUlNMHCA KnOepHeTH- 
uecKHe CHCTEMBI, OOalalollne HEKOTOPBIMET ONHCaHHBIMU HH- 
xe cpoficrpamMu. Mx TepBoHavaibHasl cTpyKTypa mpecTaB- 
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maeT co6oH cayuatupi Ha6op IICMEHTOB, CBA3AHHbIX pyr 
C APYTOM CJ Y4aAHHEIM O6paszom. IIpexoctaparenyan camog 
ceOe cucTeMa mpe6bipaet B N€PBOHaYaJIbHOM COCTOAHHH, H ee 
OPrauH3alua, T.e. CBA3b M@KIY IJIEMCHTAMH, MOMKET MeHATH- 
Cl JIHIUb CJly4aHHbIM O6pasom nox BO3CHCTBHeM BHEeLUHHX 
HJIM ‘BHYTDeCHHHX CJIY4aHHbIX co6nITHy (tyMoB). Ecay ua 
<BXOA> CHCTEMbI NOMAalOTCA HEKOTOPHIe CHPHaVJIbI, CHCTeMa pea- 
rupyeT, T.e€. Ha e€ BbIXOMe mMosBsoTca HOBbIe = CHIHAVJIbi, 
IPeACTABINOlUIMe COOOH npeobpasoBanue BXOJHBIX (B TOM 
4YHCEC H C HCHOUJb30BaHHeM MaMATH); CHrHaJIbI C BbIXORAa ne- 
PeLaloTcH BO BHELIHIOIO Cpeny u BO3€HCTBYIOT Ha Hee. Ecuin 
B mpokecce Takoro B3aHMOelcTBHA c BHEIWHeH cCpenoli, u 
TOMbKO IPH HaJIMYHMH TaKkoro B3aHMOJCHCTBUA, CTPYKTYpa Ku- 
OepHeTHyecKOH cCHCTeMbI H ee @YHKUHH MeHsOTCS, TIpHOvIu- 
*KaACb K HEKOTOPOMY ycToityHBoMy COCTOAHHIO, TO TaKyIO CH- 
CTEMY MbI OVTeM Ha3blBaTp CaMOOpraHn3ylolletica. 


M3 onpenesenus HEMOCPDEACTBEHHO CJIELYeET, UTO BO3MOX-- 
HOCTh CaMOOpraHH3allnH 3aBHCHT He TOJIbKO OT CBOHCTB Ca- 
MOH CHCTeEMbI, HO H OT XaPakTepa BO3NeHCTBHH BHelMHeH cpe- 
Mbl HW Boole oT xapaxktepa B3aHMONeCHCTBUA CHCTCMBI co 
cpezon. 

IIpeactasum ce6e, yTo H€KOTOPad KHOepHeTHUeCKaR cucTe- 
Ma, PpoOoT, HeKOTOpHIM 06pa30M Npon3BoIbHo OpraHH30Bau- 
Had, HAXOAWTCH B NOCTOAHHOM B3aHMOuelicTRHH C BHeUIHHM 
MupoM. Ilyctb Bo BHelIHeM MHPe€ MIPOH30IJIO UTO-TO, UTO H3- 
MCHHIO YCJIOBHA CYIMECTBOBAHHA CHCTeME OKa3aJI0 Ha Hee 
BOSMeHCTBHe, CKaXxKeM, YMeHBUINIIO NOCTYMIeHHe 3HepruH, 
NHTalOuleH CHCTeMy, HIM BHeCAO HEKOTOPble Apyrue u3MeuHe- 
Hist (HANpHMep, ocsa6vleHue wu YcHJIeHHe CBA3eH MerKILY 
BCCMH HJIH H€KOTOPbIMH 3.ICMeHTaMH CHCTEMbI), MOBJIMABINHE 
Kak Ha PYHKUMOHHPOBaHHe CHCTEMbI, Tak H Ha ee CTpyKTypy. 
CucTeMa HCMBITHIBaeT 3To BJIMAHHE MBOHKHM O6pa30M: BO- 
N€PBBIX, YMeCHbUIeHHeE TOCcTyNvIeHua SHEPrHH B3acTaBAerT ee 
paOotTaTb Govlee Ba0, ECAH TOKO ona He OOJanaetT co6- 
CTBCHHBIM 3aT1a4COM, HAKOMJICHHBIM B KaKOM-1n60 AKKVMYVJIH- 
PYIOULEM YCTPOHcTBe, BO-BTOPbIX, 9TO COObITHe, BO3qelicraya 
Ha YYBCTBUTCIbHbIe SJICEMeHTbI CHCTeMBI, IIPCBPallaetca B cur- 
Hal H, MpOHAA nocme npeo6pasopanna B CHCTE€MEe Ha BBbIXON, 
BbISBIBaCT HEKOTOPOe OTBeTHOe MeHcTBue — peakunw. Ora 
PeaKUHA OKaXKeT, B CBOIO OYepenb, BOsnelicTBHeE Ha BHELIHIOIO 
CPeCAY, KOTOPOe MOXKeT ObITb IPOH3BONbHbIM, TaK Kak BHY- 
TPCHHAA OpranH3aluaA Ku6epHeTuyeckoH cucteMp! IIDOHB- 
BObHa WIM ciyyahHa. B HekoToppix CIYYaAX PeakUHA Mo- 
KeT ObITh «HeHTPabHO> B TOM CMBICJe, YTO OHA HHYerO He 
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A3MeHUT B Malbueiturem xome coOpiTHl. B apyrux c1ydaaXx 
peakIHA CHCTEMbI MOKET NOBJENb 3a co6oll H3MeHeHHE BO3- 
neficTBua BHeUIHeH cpedbl Ha CHCTeEMY, H Me pBOHAuaJIbHOe 
po3ieticr3ave HOO YCHJIUTCH, nu60 ocaa6uTca, M60, HaKko- 
HEIL, TIOABHTCA HeEKOTOPOe HOBO Bo3meHcTBHe Ha CHCTOMY. 


Ecau peakllua CHCTeMbI TakoBa, YTO OHA ocnaOseT Tep- 
BOHaYaMbHOe BHEeLNee BOSTeHCTBHE HTH MOTHOCTbIO CTO CHH- 
MaeT, TO MOXKHO CKa3aTb, BbIPaKaACcb ASHIKOM (pU3HOOTOB, 
uTO 3Ta CHCTeMa “ypaBHOBeWHBaeT BO3LeHCTBHe CpeAbl» WJ1K 
«yemecoo6pa3Ho pearupyeT, M0 KpalineH Mepe, B OTHOUICHHH 
mannoro Bo3iehcTBua. Bo B3AHMOMeCHCTBHUH CHCTeMbI H CDeAbI 
Mbl UMeeM OTPHWATebHYIO OOpaTHY!O CBASb, KoTOpaa cTabu- 
wu3upyerT cyllecTBylollee COCTOAHHE. Tlopropubie Bo3eH- 
cTBHA TOTO *e THMa cHoBa OyAyT OoTpaOaTblBaTLCA cucTeMOH, 
KoTOpas, TaKHM OOpa30M, 6yneT «yXOMUTb» OT BO3eCHCTBHE 
BHeWHeH cpeabt. CnoBo <yXOHTb> MOMKHO NOHHMATS vy OyK: 
BaJIbHO, T.@. B CMBICe NpocTpaHcTBeHHOTO le peMeIWeHHA 
B 6o0Nee GWarOnpHATHY!O OOaCTb. 


Iipyroh Bua peakunu (TuMa TOsO%KATEIbHOH o6paTHou 
CBA3H) OKaxKeT Ha BHeUIHIOIO cpedy TAaKOe BO31eHCTBHe, KO- 
Topoe YcHIHT TMepBoHayaJIbHoe Bo3saeHcTBHe CO CTOPOHD! 
cpembl Ha cuctemy. B mpuMepe c YMeHbILeHHeM MOCTYMICHMS 
9HeEpTHH peakUMA CHCTeMbI MpHBemeT K Elite GobUeMY CHH- 
sKeHHIO TMHTaHHA, a 3aTeM, TIO Mepe K«CAMOBO3ZOyK LEHHA» 
3Toro npowecca,— K NMOHOMY BbIKJIOUCHHIO CHCTEMD! B 39HeD- 
reTHueCKOM CMbIcie. Peakilwa cCHCTeMbI Ha BHeUTHee BOS" 
nelicTBHe B 3TOM cayyae He cTaOuMsHpyer mowoxwKenne, a 
CTOAXMECTBIBACT>, YCKOPAeT ero U3MeHeHHE HW BeMeT K HETPS- 
PbIBHOMY Ppa3BHTUIO Mpotecca B3aHMONeHCTBAA B OHV CTO- 
pony. Ecn nepBonauabHoe Bo3lelicTBHe HaHOCHT MOBPeXK- 
jee cuicteme, TO B MaqbHeliilemM MOKeT Hactylii tb nowIHoe 
ee paspyuwenue. IloptopHoe Bo3nelictBHe 3acTaHeT cUuCTeMy 
vke He B TOM BUZe, B KAKOM OHO BacTAaBAaO CC PB MNepBbiH pas. 
Tlocne nepsporo BO3nelcTBUA CHCTeMa «BLIKNIOUWIacbY, HJ 
paspylWintacb, WIM MpHoOpeda COBCeM HHYIO, OTJIMUHYIO OT 
NepBOHauabHOH CTPyKTYPy. 


Kaxylo HMeHHO peakilMiO HMCCT cucTeMa —THMa OTpulla- 
TeIbHOH OOpaTHOH CBA3H, NOJOKUTeMbHOM OOpaTHOH CBA3H 
HM HefirpabHy!0 — 3aBNCHT B KOHENHOM HTOTe OT mepBOo- 
HauasbHOM OpraHusallun CHCTeMbI, T. €. OT CAYTAA, MOCKOJIBKY 
HCXOMHAd OPlaHH3allHA CHCTeEMbl MO MpPeANOMOREHHIO cay: 
yanhua. 

Cuctemnl, cry4alio oKa3aBUluecad O61 aT aTeAMH peakulHn 
THNa OTpdllaTcbHoH o6paTHOH cCBxH3H, MOTYT, mpucnocabuu- 
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BaaCb K BO3QeHCTBUAM CpeAb, nonroe BD€MA CYLIECTBOBAaTh 
Oe3 H3MeHeHHA. CuctTembI c peakuveH THNa noOsomKuTensHOH 
OO6paTHOH cBxH3H «BbIXOAAT M3 HIpbiI> MpH mnepBomM xe 
BpC€AHOM BO3aZeHcTBHH, Taku o6pa30M, "pu mpounx pas- 
HBIX YCOBHAX BD€MA CYLUCCTBOBaHHA Tex y APYrHxX HeOHHa- 
KOBO, 


IIpeactasum ce6e, 4To HEKOTOPbIH e€CTeCTBeEHHBIT CIyyaH- 
HBIM mpowecce cosnaer OAHY 34 Apyrok pa3anuype CJIYYaHHO 
OPraHH30BaHHble CHCTeMbI, T.e. H€KOTOPble COOpaHuaA B3aHMO- 
CBASAHHbIX AKTHBHBIX 3JI@CMeCHTOB. AlonycTuM, 4ro u3pecrup 
BEPOATHOCTH Pi HU pz TIOMBJIeEHUA CUCTeM N€pBOro H BTOpOrO 
THIOB C PpeaKUHAMM THNa OTpuuaTebHOA y NOJOKUTEIbHOH 
OOpaTHoH cBa3u, COOTBETCTBEHHO. Mnaue rosopa, B CTHYHILV 
BpeMeHH Co3qaetca Bcero N cuctem, u3 Hux B CpeqHem ny =p,N 
N€pBoro bk M2=poN Broporo tuna. Kakiaa 3 cuctem gau- 
HOPO THNa CYIecTByeT B CpeHeM B TeveHve BpeMeun 7; u To, 
COOTBETCTBeEHHO. Haunnag c H€KOTOPOrO MOMeHTa 6yjeM Ha- 
O0LATb TObKO Te CHCTEMBI, KOTOPble NOABIAIOTCA Toce 
Hataa HaOsogzenns, HTHOPEPyA OCcTalbHole. Ux yneno 6y- 
ACT HapacTaTb CO BpeMeHeM ana Kak AOTO THNa MO rex mop, 
"oka MO HCTeweHHH BpemeHu 7, nu T> He HayHeTCA HX HCue3- 
HopBenHe. Tlocae sroro KonnuecrBo HX OyReT NOcTOAHHBIM pF 
PaBHBIM 17, HW NoTo, TlockowbKy cpox CYIL€CTBOBaHHA CH- 
cT€M NepBoro Tua ropa3yq0 boabUIc TOTO we cpoka gvys 
CHCT€M BTOporo Tuna (7; >T>), KomHNeCTBO OJHOBpeMeHHO 
HaOJONAeMBIX CHCTeM ¢ OTPHUATeIbHOH O6paTHoR cBasbw 
HaMHOTO MpeBBICHT KOJIHUeCTBO CHCTeM ¢c NOJIOKHTSJIbHOH 
CBASHIO, Take ECM BePOATHOCTh MosBacHHA CHCT€M BTOpOro 
THMA (Po) HeECKObKO Oombue, uem p,. HU nae eCCJlIH Bepoar- 
HOCTH Pi H P2 PaBHbl, T.e. CHCTeEMBI O60nX THNOB pOxKRaloTcsr 
MpHOU3HTebHO B OAHHAKOBBIX KOJIHYeCTBAX, BCe xe owro 
CYULCCTBOBaTh H TOTOMY MpevMyllecTBeHHO Haodwoatscn 
OYAYT TOAbKO ycrotunsne CHCTeEMbI. 


ITO mpoctoe PaccyKeHHe MpPHXOANT Ha NOMOLLb Tora, 
Kora y ecTecTBoNcnbitatea noaBasetca YYBCTBO yH3vIe- 
HHA, BbISBaHHOe «pallNOHaJIbHbIM YCTPOHCTBOM» KHBBIX opra- 
Hu3MoB. JlelicrBHTenbHO, BCe Haba OOMACMBIe > *KHBbIE 
CYULECTBA OO/1aqalOT MHOFOUMCAeHHDIMU COBEPWIeCHHbIMH 
PeakKUMAMHM THNa OTPULaTebHOL OOpaTHOH cBa3H Ha BperHBLe 
BO3ReCHCTBHA (H NOOKUTebHOT Ha Nowle3uble). Jia paszany- 
HbIX MPOABICHHH TakKHX peaKkUHit CYIUeCTBYIOT HaszBanng: 
TPONH3MBI, ped@eKcbl un T.., 0 4eM MBE FOBOPHJH paHee. Peax- 
HHH 3TH YaCTO ObIBaloT cOBeplleHHee peakluv, NpHAYMaHyHbix 
WeJIOBECKOM H Pe€aH30BaHHBIX UM B poOotax. Heyapom muoro 
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BEKOB CYULECTBUBaJa Hex O <TBOPLe> 'BCETO *KUBOLO, KOTO- 
pblit co3.al Bce «pa3syMHO>». OnHakoO 3THM «TBOPILOM» AB- 
yimeTca TOT (pPakT, O KOTOPOM Mbl TOJIbKO “ITO yMOMHHavid: Ha 
CBeT MOABJISIOTCR H «pallHOHaJIbHO», Hi «Hep alHOHaJIbHO» 
YCTPOeHHble CYIMeCTBA, BbIAKHBAIOT 2KC H CYH{CCTBY!IOT TOJIBKO 
Te, KOTOPbIe YCTPOCHbI MEHCTBUTC.IbHO PallHOH@JIbHO; OCTA1b- 
uble OUeHb CKOPO, MOPpOH MOUTH MIHOBCHHO, Hcues alr. 

Ho BepHeMCHA OT AMBOM MpHpOApl, OT yuo c(popMHpoOBaB- 
INHXCHA WH OTOOPAHHDIX OHOJIOPHNCCKUX BUAOB, 3aKPeMIeHHbIX 
HACJICUCTBCHHOCTbIO H JIMIIb UNOTAa MOMBCpralolUxcs Coy: 
qaiHbIM «3KCICPHMCHTA.IDHBIM> H3MCHCHIHAM, K MCKYCCTBEH- 
HbIM, Ca1yualiHO OPraHH30BaHHbIM CHCTCMaM CO cry da Kilbl MM 
peakuuamu. Kak Mbl yCTaHOBHJIM, O-LHH W3 HUX, «OIWLYTHB» 
onacHoe BO3AeHCTBHe, OT HCrO «yXOMAT>, a APYTHe, «IOUYB- 
CTBOBaB OKCr, Je3yT B OTOHb» H B HEM cropaiT. Bot 9TH 
MOCACHHHe Hac H JOJKHbI 3aHHTCpecoBaTh. 


HecoMHCHHO, UTO HE BCE K<HEPaNHOHaJbHO» pearHpy louie 
CHCTEMbI ROJUKHBI OOABATEIDHO NOABEPIHYTbCA NOMHOMY u- 
3H4UeCKOMY Pa3PYUWICHHIO WH YHHNTOKCIIMTO. Ilo Mepe «pa32H- 
THA» Wpollecca B3aHMOWeHCTBAA CHCTEMbI H cpedbl B O..HOM 
HanpaBsleHHH HW YCHJICHHA BHeLTHerO BO3ACHCTBHA 39T) BO3- 
nelicTBve, TIOCKOJIbKY OHO YCHJIHBaeTCH, MOKET BbISBaTD Ya- 
cTHUHYIO TepecTpoliky CTPyKTypbl CHCTEMBI HM TeM CaMbIM 
H3MCHHTb Ce peakuHIo. B HeKOTOPbIX CTy4aAx peakuua MOKeT 
H3MCHHTbCA B CTOPOHY «pauvoHatbioro»  NOBeLeHHA, Pe 
B CTODOHY pcakiHu THITa OTPHILaTCJIbuOH OO6paTHOH CBASH. 
Pasymeeres, mepecTpokika, WH, JY NIIe CKa3aTb, JJIOMKa CH 
CTeEMbI TO HapacTarwolwuM BHCUIHHM BO3HCHCTBHEM, MpOHCXxO- 
AUT He OOABZATCIbHO B STOM HampaBJICHHH, OHa MpPOHCXOJHT 
cryyalino. OAHaKko, NojloOHO TWecuHHKe B CHTe, KOTOpad PaHO 
HAM T1030 TIPOBAJIHBacTCA Yepes CeTKY, CCIM TOJIDKO 3TOMY 
He MpcnarcTBy!OT ee pasMepbl, CHCTEMA, MOLBepradCh XaOTH- 
YeCCKHM DCKOHCTPYKUMAM, B KOH KOHUOB MoxKerT OOpectH 
ycroHunBoe cocToAHHe, T. €. MIpHOoOpecTH PeaKIHIO, BbIBOTA- 
HyIo ee H3-O ONacHoro, TpaBMHPYIOULeTO posnelcTBua. Ta- 
KUM OOpa30M, CHCTEMa MOXKET nmpHoopectu «<palHOHaJIbHy lo» 
peakUHio 0e3 KAKOTFO-H60 PYKOBOAAULerO BAHAHHA PasyMHOTO 
cyllecTBa, MOM BO34eHCTBHEM YHCTO CYUaHHbIX MpHuHH. Mo- 
*KeT ObITb, OYCHb HEMHOTHe H3 cyuaHHo OpraHv30BaHHBIXx 
cucteM joliyT O KOHe4YHOrO yCTOHYMBOTO COCTOANMA, HO Te 
3 HHX, KOTOPbIM 3TO yMacTCca, OCTAaHyTcA B yCTOHUHBOM CO- 
CTOAHHH Haouro. 


MosxKHO CKa3aTb, UTO CHCTCMAa, NpouleaAlWan MYTb c1y4aH- 
HbIX 1pecOpa30BaHHH NOX BHeIMHHMH BO3SZCHCTBHAMH H M0- 
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JYUMBINAA CTPYKTYpy, O6ecneunBalolllylo peakiMi «caMo3a- 
WLHTbI>, ABJIACTCA CAMOOPTaHHsyrollelica cucTeMol. 

Ilytb, no KoTOpomy uger mpeoOpa3s0BaHHe CHCTeMbI, HMeeT 
MHOrO OOlwero, ¢ OAHOH CTOpOHb, c MeTOZOM «mpo6 u OUIN- 
60k», T.e. C MpHoOpereHHeM ONbITa XKUBbIMH OpraHH3MaMH 
6e3 HX HaMepeHHOrO O6yyenuA un JLPpCCCHPOBKH CO CTOpOHH, 
a C APyroW CTOPOHbI, HeCOMHeHHO, NpezcraBaser coboil IpH- 
Mep OOpaTHOH CBA3H, B OYCHb IWHPOKOM NOHHMAaHHH 9TOrO 
ABJCHHA, HaMpaBJeCHHOK Ha PeOpraHW3ailHio CTpyKTYpbI cu- 
CTeEMbI. 

IfockovlbKy mpomecc mpotekaeT 6e3 pMellaTerbcTBa pa3syM- 
HOrO CyIlecTBa H, ObITb MOKeT, 6e3 BCAKOLL cBA3H Cc ero 
CYULECTBOBAHHeM, CaMOOPraHN3ylollancaA cucTeMa He 3auM- 
CTBY€T CTPYKTYPHOH Oprann3aunn wu undopmannn HHOTKY a, 
KPOMe BHelHeH cpeabl. CrpykrypHbie u3MeHeHUA CHCTeMDI 
NO BO3MeHCTBHeM BHELIHeH cpesn, HECOMHCHHO, TpexcTas- 
AMIOT COOCH HeKOTOpHIH pow namatu. Ucnonpsoranue HH(pOp- 
MalUHH, 3aNaCeHHOM B CTpyKTyYPHOH maMaru, Tpe6yeT onpeje- 
JICHHOTO YDPOBHA CJIOMKHOCTH CHCTEMbi, T. e€. MOCTaTOUHOTO 
KO-IHYCCTBA A@KTHBHbIX UYBCTBHTECJIbHBIX 3JICEMCHTOB H HX CBA- 
3eH. Tlepemarnys Hexoroppiit NOpPOr CJIOMKHOCTH, CcHCcTeMa 
mpHoOperaeT cnOcO6HOCTh CaMOCTOATEIBHO HakanauBath mD- 
CTYMalouly}O B Hee HHPOPMALNIO HW TAK WII MHAYe ee HCNOWD- 
30BaTb. 

SaMeCTHM NONYTHO, uTO 43 UnNCAA CY4aHHO OpraHH30BaH- 
HbIX KHOe€PHeETHYeCKUX CHCTeM, NOMBePprawuluxcA xXaoTHue- 
CKHM H3MCHCHHAM H €CTCCTBEHHOMY OTOOPY, BbOKHBAIOT 
TOMBKO Te, KOTOpbI€e CAywaHHO Hay4IHch ynoTped.1ATp 
BHEIMHHE BAHAHHA B CBOIO TOJIb3y, T.e. MpHoOpeswu nmo/10%KH- 
TCIBHbIG TPOMH3Mbl K BO3TCHCTBAAM, MOAAePKUBAIOMMM UX 
CYHWLCCTBOBAHHE, HM OTPHWATeIbHbIe — K BO3reHCTBUAM, KOTO- 
PbI¢ YrpoxKaloT HM PaspylieHuem. Takum o6pazom, ecte- 
CTBCHHO, B3apOMAaeTCH TO CBOHCTBO, KOTOPOe MbI B TI. 9 Ha- 
SBaJIH <SPOH3MOM> B IUHPOKOM NOHHMAHHH YW KOTOPOe ObWIH BHI- 
HYAKACULE IPH3HaTb HECBOHCTBEHHbIM COBPeMeHHBIM po6cram. 

Eciw QOnycTHTb, 4TO PalHOHa/IbHad OpraHu3sauna, co- 
*KHBIWAACA B TIpowecce CaMOOpraHH3alluu, 3aKpemusetca ne- 
peqayew ee mo HacaegzcrBy, TO MBI NOJYYHM rpy6yio Mogewlp 
OWOOTHYECKHX BHO. 


OcymlectTBleHne CaMOOPraHH3yHOIMxcs CHCTeM 


CulenyeT CKa3aTb HeCKOAbKO cOB oO NePBbIX MONMbITKAaX 
SKCNEPHMCHTAIbHOH MpOBepKH Hel, CBA3AHHBIX c caMoop- 
raHH3yYIOULMMHCH CHCTeMaMH. 
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CaMbIM TlepBbIM 93KCMepHMeHTOM Oblvio Co3sqaHHe A-POM 
Am6n ycTpofictBa, Ha3BaHHOrO MM TOMeOCTATOM. Tomeoctat 
COCTOA H3 YeTHIPEX WICKTPOMAFHHTOB, CepMeuHHKH KOTOPBIX, 
nepemeliaich, NMepeABHraH MO/I3YHKM pevCcTaTos. Tluraune 
QJIEKTPOM@PHHTOB BKJOYaOCb Yepe3s STH PeocTaTbl. OrTkJ10- 
HeHHe CepAeCUHUKa B KpaifHee MO/ORKEHHE BbISLIBAO B CXEME 





Puc. 11.1. BuemHuii Buy O1HOTO H3 YeTbIPer 610<0B rOMeO- 
crata Amon. 


ciyualinoe nepeKsoyeHHe coeqHHenunt peocTaToB H oOMOTOK 
gnekTpomaruutos. ITlooxKeHNst BCexX YeTbIpex cepAedHHKOB 
ObLIM, TAKUM OO6Pa30M, B34HMOCBASAHHBIMH, Tak Kak TOK 
B KAaXKIOM COJCHOHDe 3aBHCel OT MOJIOMCHHH BCeX HeTbIPeXx 
peocTaToB, a NoOvoKeHHe KaxQoro peocrata 3aBHCeI0 OT 


TOKA B COOTBETCTBYIOULEM COJICHOMAC. 
Byrrouenve MHTaHHA Ha cxeMy roMmeocTaTa Aul6” BbI3bI- 


BalO IBIDKeHWe BCCX CepJeYHHKOB HW NepeMellcHHe MOJI3YHKOB 
pcex peoctatos. [lpn sToM MOTO 6bIThb Ba caAyyand: su60 
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TOCA HeKOTOPOrO TMepexOAHOrO mponecca pee cep TeUHHKH 
OcTaHaBJHBaJIHCh B HEKOTOPOM nmpoMexkyTOUHOM yCTOHUHBOM 
COCTOAHHH H ABYW2KCHHE MpPeKpalaoch, WH60 cucteMa He Ha- 
XOAHJa YCTOHUWBOTO COCTOAHHA HU ONHH H3 CepJe4HHKOB BBI- 
XOAH 34 MpeAeIbl HOPMadbHOrO OTKIOHeHHA, HOXOAA 30 
ynopa. B mocieqHemM c.1y4ae B cxemMe MPOHCXOMHJIO cyual- 
HOC MEPCKMOYCHHE, H NOHCKH PaBHOBeECHA BO306HOBUSAUCH 





Puc. 11.2. JI-p B. P. Aw6u co cpoum roMeocTaTom, 


B KOHUe KOHWOB, Nocme HecKObKUX NepeksUOUeHHH, ocymle- 
CTBIAIOIHX CYYaHHbIe H3MCHEHHA CXEMBI COeHHeHUH ToMeDd- 
CTaTa, CHCT€MA CaMOCTOATCJIbHO AOXORHAa MO TaKxoro cocTos: 
HAA, MPH KOTOPOM OK43bIBa/IOCb BO3MOXKHDIM paBHopBecue, vA 
34TCM HAXOWJa STO PaBHOBecue. 

Pa3H¥Hble MAHMIYJIAUHA c ToMeocTaTOM: mlepecTaHOBK a 
YNOPOB, H3MeHeHHe CBx3eH, 1axKe uacTHYHble NOJIOMKH — He 
fapyllatu STOrO cBOHcTBa romeocrata. 

Eure Govee noyunTebHbIM stBIaeTCa Apyrow 9KcnepHMeHt, 
HMcxoqHbIM MaTepHanoM B 93TOM IKCHEPHMeCHTe SBJIAJICA Ha- 
Oop H3 HeKOTOporo KomHUeCTRA (or 8 no 64) HeaHHeftHEXx 
a1eMeHTOB. Kaabii 97IeMeHT Mor IPHXOQHTb B COCTORHUe 
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Bos0yKTeHHA HIM 6niTh B moKoe. HaxoiAcb B COCTOAHHH BOS- 
6yKMeHuA, 9ICMCHT MOP nepeaBaTb 3TO COCTOAHHE HA ero 
nomo ApyrvM 9uleMecHTaM, C HM CBASAHHbIM. Kaxk abil 3J1e- 
MCHT MOP Tak2%Ke BOCIPHHKMaTb BO360y2KcHHe OT OHOTO HIM 
HECKOJIbKHX 3ICMeHTOB, Coctoslne BosOyKTeHHA Kaw LOO 
aIOMCHTa 3ATYXa10 MO IKCTONCHIMAIBHOMY 3AKOHY, BOSHHK- 


Peocmam -GanHa 





oS a 


per fae 


a 
D. Xy Lpsens 


Puc. 11.3. CxeMa omnoro H3 NeTelpex O.10KOB romeocTata AION. 


A, B, C, D— o6moTKH comeHoHaa, KakK1aA H3 KOTOPHX ATaeTCA OT OCAHOTO 3 e@Thr- 

pex 60KOB romeocTaTa. T,, [Iy, Ty, Fes X1, X,, X4, X_—- NOTeHILHOMeTPHI HW NCPeK.TIO- 

uaTedH, YCTaHAB.IHBaeMble BPpYuHyh. ¥ — apTOMaTHueckAH TepeK.10NRaTe.tb, TLaroulHA 

cnvualinoe H3McHeHHe TapIMeTPoB CXEMbI Mp] KAK TOM HepekJHoVeHHH H c pada ThisaioulHA 

TPH BKJIONeHHH Y314 H ot peste P; B Caydae YBe.THYCHHA TOKA B 1lenH COMCHONACB BHINE 

nopora. 2’, 3’, 4’; 27", ger, 47? — npopona, COeCAHNAIONULHE ONOK C OCTAJIBHbIMH TpemMa 
6noKaMH romecocTata. OcTapHble OAOKH HMeWT TAKHC 7Ke CXEMBI. 


HYB OJHOBPCMeEHHNO C HMIMY.1bCOM, MOTaBaCMBIM H3BHC. aa 
Toro UTOOMI S.1CMCHT, HaXOAMMMHCA B MOKOC, MOF GLITh BO3- 
OyxKMeH, ypoBelb NoOcaBaeMoro Ha Hero H3BHC WH OT coce- 
nen BOsOyx CHUA (1012KeH Obl NPCBbILIATb HNCKOTOPHIH MOpor. 
BernuunHa wopora BecbMa BeJIHKa B MOMENT Bo30y xk 1eHHA 
(TOKO YTO BOSGyKeHHBIH SCMCHT He MOET ObITb elle 
pas pos6yKfeH) H ClagqacT C TCHCHHCM BPCMeHH, CTPe@MACb 
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K H€KOTOPOMY, BooOlle roBops, Ne€PCMeHHOMY HIM peryun- 
PYCMOMV MHHHM@JIbHOMY 3HayeHUIO. een 
Priam naie CBASAHBI Apyr c Apyrom. Srv casi3n B ya- 
- C SKCHCDHMeHTa YCTaHaBJNBaTHch oO KPeOHIO Cc No- 
see 7a 0.14 Wb! CY Ua HUBIX MHC, HMHTHPOBaBUIeH cayualt- 

Pollecc, KOTOphIH onpezeasa NePBOHaYaJbUylo Opraun- 


M 





Puc. 11 
4. YipouenHaa cxema Me aC oe, Ca MOOpranh3 yloinelics CHCTEMBbI 
(no Mapau u Kalapky). 


@) oOulaa cxema: Ja, 2a 
‘ ‘ — Ape BxXONHbIe rpynnb ¥71eme 
Pe as HtTOB, /@, 76— ye ne 
py : apa iss MOANDHKaTOp — ycipofictrro, srocamer sanelieiac 
ypy TeMbl; 6) ABa SeMeHTa cHCTeMnL HOHX CBA3H 


SamHiO CHCTeMbI. Bo-nepBbix, ycrawaBaUBasjocn HaJu4Une 
CBASH MCAAyY KaKAOH apo d1emMenTos. ZIna atoro 6po- 
CaIC xKpeOHH — 6panoch Hayrag YHCO, pa criouion eHiae 
MO@KY HYJ€M H CHHHHUWeH; ecu OHO NPe€BbIIWAaIO HeEKOTODYIO 
BCVINUHHY A<1, cBa3b WA MaHHOL Napbl He ycTanaBunBa tes 
CCH HE MpeBbIlalo, TO ycTaHaBAHBadach (BeIHUHHA b Ha- 
ShIBalaCb NOCTOAHHOH CBA3H CHCTeMBI: vem Ooubie k, tem 


OovIbwue CBH3CH YCTaHaBJIUBavoch). Aas Kav JlOHn VYCTAHOB- 
25 H. A. Noveraes , 
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nennof cBa3H Mexk@y avieMeHTaMi C HoMepaMy i u fj BbiOX- 
paca TakKe TO *KpeOnio «Bec» stoi CBA3H, HMeBLINH 
J6 pa3.JH4UHBIX sHaueHHt H ONPeMeTABIUHH, KAKA LOM y poB- 
Ha BOZOYKUCHKA TO STOH CBA3H nepeyaetcd. 

Bee cBi3aHHble TakHM OOpa30M M0 WKPCOHIO 3/1CMCHTDI 
pa3sOHBaJINcb Ha 4eTbIpe Ppynnbl: {Be «BXOANbIC> (la u 2a) 
H mBe «BbIXOdHbIe» (10 u 9b). Ha 9JieMeHTb! BXO;LHBIX rpyin 
B ollpenesenioM TopaaKke MoLaBatOCb FICPHOAHYeECKOe BO3- 
6yxAecHHe. CO BCeX BbIXOMHBIX 31@MCHTOB CHHM@10Cb HX BO3S- 
6yxKWeHHe Ha BbIXO CHCTCMBI, Bo36yKHeHHe H3BHC Ha BxXOA 
Hple 3ICM@HTbI MOTABalOCb MePpHOAMUCCKH, IpH¥eM 34 Kark- 
jylo cepHio = WHKTOB posOyxKMeHHe Wo1aBalOcb = Ha BCC 
91@MCHTbI TOIbKO OOH BxOUIOH rpynnbi, a Ha 91eMCHTb! 
ypyrolt He 110aBaJlOcb. Zarem gpe BXNOAHbIe Ppylnbl MCH#- 
ycb pousdMH. Takum o6pa30M, XaOTHUCckKy opraHH30BaHlaad 
cHcTCMa TlOfBepraach  CHCTCMATHYCCKOMY BO3SACHCTBHIO 
H3BHE. 

J daaueii* CucTeMbl ObWIO HPOBOANT BO30yAACHHeE OT Mep- 
Boll BXOJHOl Ppynnbl TOTbKO K NepBoli BLIXOAHOL (la-+1b) 
HW OT BYOPOll BXOMHON TOMbKO KO BTOPOH BbIXO/HOH (2a — 20). 
KayectBo BbIOJHeHHA STO 3a2aUH OCHNBAOCb yucdom N,. 
[locne Kaxksoro TakTa paOoTbl CHCTEMDI HULCUUTHIBAOCb YHCIO 
BOZO YAKACHHDIX IJICMCHTOB BbIXOAHDIX rpynn 1b nu 26 (7m Ml No) 
MH HX pasHocTb (T. &, NpCBbIUCHH’ YHCIA »MPAaBUJIbHV* Bos8Oyx- 
JeCHIIbDIX Haj, YHCJIOM yk eTIPABHJIbHO* BO380 YA ACHHDIX 9 J1@MCHTOB 
B rpyrie, KyAa CHPHavtbl He OJOKHbE TpOXOANTb), OTA BeJH 
UHHa, HakalWwiupascb OT TakTa K TaKTY, odpasyer uncsio N,, ITO 
uncjlo B Hadade peuleHHa 3a,auH MOKEeT 6bITh YCTANOBJICHO 
TIPOH3BOJIbHbIM TO AKe/AHHIO 9KCIHePHMCHTaTopa., Kora YHCJ1O 
N, 8 npouecce paOoThl CHCTEMbL MCHACT SHAK, Napa BXOANDbIX 
rpyim MenaeTca MecTaMH, T. ©, BosOyK Lene HadihacT Mo/Aa- 
BaTbca He Ha rpynny la, a Ha rpynly 2a. 

Econ Obl cucTemMa paGotasia lWAeavibho, TO HipH NOAAve BO3- 
OyKAcHHA Ha Ppynily la pee guiementer rpyritbl 16 Opie Obl 
Bos6yKLeHbl, a BCC 3eMCHTb! rpynipt 26 He BosO0 yx ACHDI. 
Pa3HucTb M,— Ml, HMeta Obl MAKCHMaJIbHOe 3HayeHne, HCO 
Nos 6LICTPO H3MCHAACD, MOCTHTO Obl HyJleporo 3Hauciis H 


H3MCHHJIO 3ilak, BxoJjaple rpyittbl MOnapHO TMOMeHAJIMCb Ob 
mectamu, uncaio N, cHopa H3MeHHJIO SHaks oT. J. GaTemM YHCJO 
N, Mos AepKUBaSOCh Obl HempepbiBHO BOJIN3H HYJIA. Ecuin 6b! 
Ip 9TOM HCKYCCTBCHHO H3MCHHTD aucio N, oT HyJIA B i060 yo 


“uo 


CTOpOHy, TO OHO C MaKCHMaJIbHOH CKOPOCTbIO CHOBa BepHyJIOCe 
6bl K HYJHO, 
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a) , f : ‘ 

Cuctema nepponayasbito BecbMa flaneka of npeaJia wv, pa- 
OoTad OnHcaHHbiM CNOCO60M, oOHa OymeT MejWweHHO MeHATb 
4HCJIO N,, Boobie POBOpA, B NPOK3BOUIbHYIO CTOPOHY, 


Tenepb B CHCTCMY BBOAUTCH OnoHUTeE HOE YCJIO%HEeHHe, 
CrielHavibHoe YCTPOWCTBO BHOCHT H3MeHeHye BO BHYTDeHHiOIO 
OPravh3alwio cuctempl., Ero panauue Ha CHCTeMy Onpesenaetcd 
HaNpaBJIeHHeM H3MeHeEHUA UNC yA N,. Ecsu N, MeHserca B lipa- 


BHJIBHOM HallpaBJieHHH, T, e. YMCHbUIaeTCsH TO abcomOTHO Be- 
JHUNHE, TO B CHCTemMe HOAKPeMIAIOTCH Bee daktTHuecky Ael- 
CTBYIOLUNe cBa3H. Ecuy N, MeHietca B HempaBusIbHOM HanpaB- 


JICHHH, AeHCTBYIOULue CBA~3H ocaOstaioTes. Youneune y ocwa6- 


Hf 


- & = ie bf a 2 
+H’ 7 
ie ne % 
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Pue. 11.5. Ppaduk padoru C4 MOOpranu3ylourelicg CHCTEMBI TIpH nocaenzo- 


BareJbHbIX WuKAAX Padortel (0 Papau u Kaapxy), 
Gucsio N ORCHHBAeT KayecrRo Pa6OoTh B SABHCHMOCTH oT BPeMeHH. B Hanane Kak ow 
mpo6br N yckycerperyo STBOAHTCA OT HyneROro SHAaNCHHA. Ckopocrtn, ¢ KoTopog N 
CTPEMHICH kK Hyvuo, BO3pacTaeT no mepe XOa ONbITa CaMOOPraHH3auHn CHCTeMEI. 
3Be3n0uKoh OTM€4eH MOMENT BKJIIO'IC@HH MOAHUKatTOpa M. 


Kpome Toro, B CHCTeMy BBOnUTCA HEKOTOppIi »llyM “ — egy- 
taHuble XaoTuyeckne H3meHenna CTPYKTYPbI, He3aBHCHMbIe OT 
P€3yJIbTaTa pa6orpl CHCTeMbI, a Tak>xe PeryJINpoBKa yposua 
MaAKCHM@JIbHOrO 3HaueHna Nopora Bo3s6yxjenng. 

Bpenenne B neiicrpye MCXa@HH3Ma, H3MeHMIOLLero CTPYK- 
TYPY, Mp¥AaeT cucteme Hopme CBOHCTBa. Io Mepe xOjla pa- 
OoTbl B mponecce NOBTOPHOrO pewleHna sanauy NOKa3aTeJb 
KavecTBa paOoTel usmeusetca B JyMWyio cropony. Unero N, 


Ha NepBbIxX Mopax cwerKa YAANACTCA OT HYsIA, HO 3aTeM MOUTH 
HCH3MCHHO CTpemMuTca K Hyo. Ckopoctp BOSBpalleHHa K Hy- 
10 BO3pactaeT no Mepe Oprauu3alun cucTemb! no, JeHCTHeEM 
» TDCHHDOBKH * 

Ha puc. 11,5 NPHBCLeHbI Tpadukn u3smMenenng N, BO Bpeme- 
nn. Tlocne ceegenna N, HyJN0 B xoge padorTbt cuctembl OHO 
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[CKYCCTBEHHO CKAHKOM u3McHaeTCA B TY KIM Apyryto CTOpOHy, 
YuiyuilieHHe KauecTBa (PY HKLHOHM poBaHHA CHCTeMbl, BbIPaKalo- 
yleeca B HapacTaHHW CKOpocTH, © koTopolh N, cTpeMHTCH” K HY- 
mio, focTuracTca 3a CueT H3MCHCHHA CBA8CH B CHCTEMC. Tao- 
qilla BeCOB CBAgeH Mea AY yeMCHTAaMH OT Hakala SKCHEPhe 
McCHTa K KOHILY CYWlecTBCHHO McCHAeTCH. 

TlostropxHoe npoBedceHHe 9kCNepHMeHTa C pasJHYHbIMH cAy- 
yaliio BbIOPaHHbIMH HavaJibHbIMA CBA3AMH BHYTPH CHCTeMb! 
ylaBaslO OJHHAKOBDIC pe3y-IbTaTbl: Kab pas mo Mepe HC- 
NOJIb30BaAHHA nocTyiaiwulel H3BHE wHopMaluH cHucTeNa 
CAMOCTOATEbHO H3MeHsAIa CBOIO BHYTpeilHiolod CTPYKTYPY Tak, 
uTO KauecTBO Ce PYHKUMOHHPOBAHHA y AYU aJIOCb. V3 64 onbt- 
TOB JIHIb 3 HAH 4 He MpHBCAH K «cCaMOOpraHh3allHH» BC eA 
crpHe TOrO, 4TO B HCXOAHOH CHCTCMe clyuaHHO OKa3aHCb 
OTCYTCTBYIOMLHMA BaxKHDle CBASH. 

DJKcnHepUMeHT MPOBOAN-ICA nocpeACTBOM MO1¢.1HPOBaHHa 
OnHcaHHOH CHCTCMbI Wa - ObICTpOselicTBYIOWLCH 3.ICKTPOHHOH 
BHITHCAUTRIbHOH MAUIHHE CO CHeIHaJIbHOK nporpaMMOH. Bpl- 
XoNAaN BCIHYHHA N, aBroMaTHucckh 3AMHCbIBatach C MO- 
MOULbIO OcUHAorpada. 

Unrepeciio Take TO, HTO MO mpoulecTBuH NmepHoza «Cc a- 
MoopralsaluH» ciucTeMa OKAsbIBaaACb JOBO.IbHO ycTOHUH- 
BOH MO OTHOLICHHIO K MOBPeK TEHHAM. VicxycceTpeHHoe yAaJle- 
HHe 20 10% BCEX cBAgeli He HaHOCHJO eule 3aMeTHoro yulep6a 
by HKWMOHHPOBAHHIO CHCTeMBI. 

OnvicaHHbll 9kciepHMenT © «Ca MOOPPaHU3y OWLCHCA» CH- 
creMOll BeCbMa 3.1eMeHTapcH HO XapakTCpy pellaeMOH CHCTE- 
Moi 3amauu. Pe3y/bTaTbl 9KCHePHMCHTAa, HCCOMHCHHO 110.10- 
SKHTCIbHbIC, HC MO3ZBO.IAIOT elle yCMOTpeTb HenOCPCCTBeHHO 
Kakue-IHO0 MOJIC3SHBIC TexHuueckHe MpHMCcHCHHsA rIpoue MOH- 
CTPHPOBAHHEIX MPHIHTOB * Tem ne MeHee ye STH MPO- 
CTHIe SKCHEPUMCHTH! MOSBOAIOT clelaTb BaAKHbIe MPHHIHITH: 
quibHble OOOOWLCHHA. 

[lpososaKkcnne uccs1eLOBaHuH B 5TOH OOTaCTH, HECOMHCHHO, 
MOJKHO DaTb He TOvibKO pesyIbTaTbl 6oNbUIOH MPHHUWMHaIb- 
HOH BAXKHOCTH, HO H WCHHBIC yTHJIMTapHbie BO3MOXKHOCTH. OTH 
padoTbl BeAyTCcH, H pesy/IbTaTbl HX, BO3MOXKHO, ABATCA OCHO- 
BoH wWeoro pa3sAcld KHOePHETHKH —— H3YUCHHE CBOHCTB «Ca- 
MOOPFaHi3 yIOUNXCA» cucteM,— ObITh MO*KeT, CAMOTO HHTepec- 
Horo ee pa3le.la. 








* Oanaxo, HECOMHCHHO, YTO 9TA padota HMeda B BHAY npakTHuecKHe 
TIpHMCHeHHA. O6 sTOM roBOpHT xXoTH 6p TO, YTO PUHAHCHPOBAHE pa6orul 
TPOHSBOAHOCh BOCHIBIM minunetepcTgom CILIA. 
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Mutepechbim aBanetca tor @akt, 4To sBenne «CaMOOp- 
VaHH3aUHH> BOCIPOH3BOAMTCH TIpH Maslom 4YHC.1e 3JI@MCHTOB 
(BOCCMb — B onucaHHoM Buutte okcnepuMente). Tlo-Buaqumomy, 
ye Takoe Ma.loe WHCIO 3eMeHTOR NO3BOMHeET CO3RaTb o- 
CTATOUHVIO H36bITOUHOCTE CTPYKTypb. M36nirounpie snementp 
ABAAOTCH NPHHLANMAIbHO HEOOXOAHMbIMH B CaMOOpraHu3yw- 
HIHXCA CHCTCMAX, KOTOPbIe O6s3aTeJbIO OTKJIOHSIOTCH OT 
ONTHMA@JIbHbIX, HaH60/lee IKOHOMHO MOCTPOCHHBIX CTPyKTyp, 
BHINOHAIOWHX TY Ke PyHKIUMIO, 

TpyaHo npeackasatb, B Kakov HMCHHO BOMJIOMLCHHH MOTyT 
ObITh HW Oynyt MPaKTH4eCKH HCNOMb30BAHBI BO3MOXHOCTH, 
IPCACTABJACMbIE CAMOOPraHH3yOUlHMuCA cucTeMamu. Cxopee 
BCero, 9TO OYAYT nanOosee ru6Kue, SJIEKTPOHHbIe 9JI@MeHTHI. 
Onnako He ucksouena BOSMOXKHOCTb, 4TO, KPOMe cpencTB 
dJICKTPOHHKH, MOTFYT OKa3aTbcg MPHMCHHMBIMH w TIpyrne, 
(PH3HKO-XHMHYeCKHe, a OnITh MOXKeT, H OnOMOrHYecKue cper- 
CTBa. 

Toustie Ca4MOOpraHHsalun cilyualiio © clowkuBiledicg 
CTPYKTYPbI MpeActaBaaer codolt He tTonpKO IIPHHUHN, O6e- 
ULatolluH WeHHBIe IPHMCHEHHA, HO H CPeRCTBO TOHAT MHO- 
THe MpOnecchl, MPOHCXOnAWIHeE BR xKUBOT mpupone. Monenp 
CaMOOpraHn3ylomenica CHCT€MBI, O KOTOPOH pI rCBODHAH 
BPILNE, CO3MaBaaCh B ABHOM pacueTe ta HMUTAIlMIO HeKOTO- 
PBIX HepT MeXaHH3Ma HepBHoll ACATEIbHOCTH (O6paz0BaHHe 
HEPBHBIX CTPYKTYPHBIX cBa3eT, OTBCTCTBEHHbIX 34 BO3HUKAaIO- 
UlytO B Mmpouecce o6yyenua HOBYIO (PYHKILHW). 

Bo3MOxKHO, TO CTPYKTYPbI, COMepxKalineca B OpraHnue- 
CKUX TIHULCBBIX BeILECTBAX H MOrsOULaeMpre B pomecce m1HTa- 
HAA XKHBbIMA TKAHAMH, ABASIOTCH ACTOUHHKOM HHopmMaunu 
ANA MpoueccoB camMoopranu3alun BellecTRa KHBBIX TKaHeH 
B KaKOH-TO Mepe mon06HO TOMY, KaK HHMopMamua, nonapae- 
Masi Ha BXON camMoopranns3yroulelica CHCTEMBI, CIVWKHT HCXxON- 
NIM 3BeHOM 'B TIpolecce oprann3auny CTPYKTYpbl. M3secruo, 
WTO OKHBbIC CYWlecTBa MpH nHTaHHy HYAKMaloTca He TOMbKO 
B SHeprHu, CKPbITOH B HHULe, HO HB (pH3sHuecKoH 3HTPOTMH 
(To"uHee, B OTPUNaTeIbHOH 3uTPOTHN, T.e. B CTPYKTYPHOH 
OPraHusalwH NOrTOWLaeMbIX NUTATeAbHBIX BelllecTB) *, 

Ham mpeactapaserca IPC3BbIUaHHO IVIONOTBOPHBIM IIpH- 
MCHOHHEe NOHATHH WHdopMaunn 4 CaMOOpraHHh3allun K 93yIe- 
MCHTAPDHBIM MKH3HEHHBIM AaKTaM dKUBOFI MaTepuHu, 

axe ctom KpatKoe YNOMHHAHHe O CaMOOpraHH3yiouuxca 
CHCTCMAX, KOTOPOe MBI Clean B 3TOt MlaBe, Taer BO3MOx- 





* Cm. 9. Ul penuurep. «Uro taxoe KH C TONKH apenia busi- 
KH?»>. Haq. anoctpamosi AHTepaTypH, 1946. 
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HocTh sicilo ce6ée npeacTaBATh, Kakoe orpoMHoe mote WA 
NIPHAOKCHHA COBMCCTHDIX yCHAMit YUCHDIX PAasAHMMIBIX cre lH- 
aNbHOCTCH MUpCACTaB.AAeT H3SyCHHe npoueccos yipaBJelia 
B XKHBDIX OPraHu3Max. 

YK UZIeTEATCIDHOCTb 2KUBDIX OPTAHHSMOS OT TpocTeHIuHXx 
NO BHICWHX H Mpowecchl YipaBACHHA, HCIPepbIBHO IipoTeKalo- 
Ine B XOMe ITOH MWH3HCHCATEIBHOCTH H cocTaBAAIOWulne CYyUL- 
HOCTh «VDABHOBCIINBaHHA CO cpenol», BK/u0UaIOT 'B ceOa He 
TOMbKO [CTOCDCACTBCHHOe HCNOTb30BAaIIHC HHOpMallwH, T0- 
cTymaolleH u3Bie, H ce apToMaTHyeckylo oTpaooTKy, HO H 
ropaso Gotee c.ToaRNbIe, He o1HOsHaubie WH ne TIpaMble NYTH 
UCHO-TD30BAHHA HHDOPMalHH, OANHM V3 KOTOPBIX ABTAeTCA 
camooprai3auia THIla «po HW OMIHOOK». 


VU36niTOuHOCcTh Opranh3allyn 


Tipu auastH3e 2KHBBIX CTPYKTYD, BbINOCISIOULHX TY HAH 
HnylIo MYNKUNIO, Bech 1a o6paltaer ua ceOs BHUMANHC H30bI- 
TOUNOCTD cocTaBa HX MO CpaBITeHHIO C COOTBETCTBY IOWA MH 
ONTHMacIbHbIMH, HaHOo.1ee JXKOHOMHYHDIMH cHcTeMaMU TeXHH- 
yecKoro xXapakTepa. 

Takasd H30bITOUNOCTh XKHBBIX CTPYKTYP BOSHHK.1a, MNO-BH- 
MMOMY, He C.lydaliHo. Bo-nepBbiX, CHCTCMbI, BOSTIMKAalOnLHe 
B MOPALKe HILNBHAyaIbHOrO HH BHALOBOTO PpasBUTHA, eCJH 
TOMbKO OHH BO3SHHKAIOT TYTCM KCaMOOPraHHsalHH» 3a CHCT 
MocTyHawllehH H3BHEe HHOPMAaHH B ONMCAHHOM BBITTe CMbIC- 
ye, Bcera 10 HeOOXOLHMOCTH H30bITOUHDI. Bo-BTOPbIX, H3ObI- 
TOUHOCTh KOHCTPYKUHH — 3TO TO cBolicTBO, KOTOPOe B KOHEH- 
HOM uTOre oOecneyHBaeT AOJTOBCYHOCTh cucTeMb! mpH 6ec- 
nepeO6oHioM PyHKUMOHHPOBaHHH. 

3nech yMecTHO Opli0 Obl BCNOMHAT 06 H3BeCCTHOM (paKTe 
«1BOHHOra = =obecncueHHA» (pyHKUNH B OKHBBIX OPralH3Max. 
Mepenaua nidopMaln B 2KHBOM opranusMe MOUTH Bcerla 
KAVOMIPYeTCH> — PASH NBME KanadtaMH. Menno moaTOMy 
Hapyurcine CBI3H H ympaBeHHA B KaKOM-IHOO 3BeHe Tallle 
Bcero Beer TOAbKO K BpeMCHIOMy sapyiulenHio @YNKMAH, 
KOTOpas 3ATCM BOCCTAHABHBACTCH NOCPCACTBOM BKJNOWCHHA 
B paboTy GCOXOAHDIX nytelt H <3amacHbix» perydIMpOROK. IIpu- 
MepoM TOMy MOryT CJTY2KIITb pe3y/IbTATht OMbITOB Jem 
C OPUCHTHPOBKOH KPbIC B waOupHuTe, O KOTOPBIX MbI YItOMH- 
Haan Bole. YaateHnHe y KPBIC 3HaUHTCIbHOH UaCTH MO3TOBOTO 
BCUICCTBA He MPpHBOAUO K TOHOMY MHapylleHHo croco6HoctH 
SKUBOTHOTO K OPHEHTHPOBKe. 

B cosppemenoit TexXHHKe ‘BecbhMa acTpoO CTOHT BOTIpOC 
0 nomroBeuHocri KHOepHeTHYECKUX cucreM. Cujoxkuble cHcTe- 
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MBI, TOCTPOCHHbI€ H3 ‘MAJIOHAM@KHBIX 3/ICMCHTOB, HMCIOMLHX 
HeOOMbBIWOH CPOK CuTyKObl, OKa3bIBaIOTCA BCe MeHee H MeHee 
HaNCKHBIMH NO Mepe Toro, Kak C HX YCvIOKHEHHeM BO3pacTaeT 
TUCO COCTABJAIOINNX HX IICMEHTOB. Ito mpoucxogur MNOTOMY, 
WTO CHCT€Mbl TeCXHHYeCCKOH KHOePHETHKH CO3NaloTCA c Ma- 
KCHM@IbHOH S9KOHOMHeEH AeTanel u BbIXO U3 CTpOA XOTA ObI 
ONHOH ACTA 'BHIBOAUT O6bIUHO 3 CTpOA BCIO cHcTeMy. Ta- 
KHM O6pa30M, CpOK c1y*KG6bI nO PC€MOHTAa CHCTeEMbI PaBeH cpo- 
KY Cy2#KObI HAaHMeHee HaMeKHOFO 3zeMeHTa CHCTeMLI. TTosni- 
IN€HHC CpeCRHeH HamexKHOCTH weTase ewe He peliaeT Bo- 
upoca, TaK Kak pa3Opoc NO cpoky cAyKObI MOXKer cRecTH Ha 
HeT HocTHKeHHA. ITpo6ema o6ecneyenusa BBICOKOT Ha eo - 
HOCTH CJIO7KHOH CHCTeMBI, MOCTPOeHHOH u3 GosbIOTO yHcla 
PCHATCKNBIX SICMCHTOB, CTOMT BeCbMa OCTPO H NpexcTaBAeT 
OobUIOH mpuksaqHok HHTepec. 


OTBeT Ha STOT BOMpoc MaercA HaM %KUBEIMH KHOepHertuue- 
CKHMH CHCTeMaMH. V1 stor oTBet — u36bnITOUHOCTh KOHCTDYK- 
HH. Bo owKaBbIX OpraHH3Max HHorga YlaeHve HeEKOTOpOH ya- 
CTH *HBOTO BCIWeECTBA, Lake B YCIOBUAX OTCYTCTBUA perene- 
PalluH,— KaK 3TO HMeeT MeCTO, HanpuMep, nas HePBHbIX 
CTPYKTYP — LaeT JIMWIb BpeMeHHOe yxynieenne (PYHKILHH, KO- 
TOPat 3aT€M BOCCTAHABJIMBAeTCA, BbIPAGATbIBAHCh 3aHOBO 
B ocTaTKax TkalleH. KoneuHo, meno oOcTrour He TaK, ec 
YAaTe€Ha NOJIHOCTLIO HEKOTOPas cTpyktypa, 6e3 KOTOPOH jaH- 
Had PYHKWUHA He MOxKeT ObITb OcyIULecTBIeH a. 


YeeIMNeHHe H36bITOUHOCTH KOHCTPyYKUHM B HCKOTOPOM, He 
CIHINKOM H3AULHOM BapHaHTe yoKe HCHOb3yeTCH B TeXHHKe. 
B oco6eHHo oTBeTcTBeHHbIx Cily4aix, HalpuMep. mpH paGorte 
ABTOMATHYeCKOrO OOOPyHOBaHHA 6e3 omeparopa Hu 6e3 BoO3- 
MOMKHOCTH PeMOHTa (aBTOMaTHYecKHe PantvoMetTeocTaHUuN), 
NPHXOAHTCH, MONPOCTY, NYOHPOBATh WeNHKOM Bech paHo- 
nepewqaTunk. OAWH H3 ABYX MepenaTunKoB HEPePbIBHO 9KC- 
MIyaTHPyeTCa, APyrOH—HaXOAHTcH HarotoBe. Bplxoq n3 
CTpOA MCPBOrO aBTOMATHYeCKH BKMOUaCT B paboTy (BTOPOH. 


Bomee BbITOAHbIM ABHJIOCb Obl AYOAMPOBaHHe OTLEIbHbIX 
O0KOB H y310B nepexatunka. B cuyuae LYOJIUNpOBaHHA Tepe- 
AATMHKA WeHKOM BbIXOL H3 CTpOsd BTOporo mepejwatTunka 
(ocle Toro, KaK MepBbii yoKe BDIUIeN, T.e. cryyalt 6e3na- 
ACAHOTO OTKA34 CHCTCMbI) ‘MOX%KeT MpoH30fTH BCerzcTBUHe 
HOJOMKH COBCeM Ipyrok ReTamu B Apyrom 6vloKe, vem TIpH 
aBapHu tlepBoro. Yamle Bcero Tak u ObIBaeT, ecaH BbIXO 3 
cTpom neTajeH cayyaen. Ho B 9TOM cayyae B CHCTeMe Cc TIOD- 
MeCHOH He Bcero mepematunka, a 60KOBR uA y3.1I0B. pa6ota 
He Oblta Obl Hapyulena, Tak KaK o6a NOBPeKAeHHBIX y3ula 
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Guan Obl 3aMenenb! momHoueHHbIMM. Takum o6pa30M, 4eM 
«Melbie> GOJIOKH H Y3uIbl, MI KOTOpPbIX HMeIOTCA 3aTlaCHBIC, 
TeM Hallewiee paOotTaer cHcTeMa, COCTOAan H3 aHHOTO 
uueda KOMMsieKToB almapatypbl. TIpapaa, B 9TOM C.lydae 
aiapaTypa MOUOTNATeIbHO yCOAAeTCA 34 ClCT Bo3pactTa- 
HHA UHC1a KOMMYTHPYIOWMX aBapHHHbIXx YCTPOHCTB. 


BeposTio, MOmpoOHoe 3HaAKOMCTBO C NYTIMH HCHOIb30Ba- 
KMS H30bITOUNOCTH B 2KHBOH MpHpowe MOTO 6bl DaTb MHOTO 
MOYYHTEIDNLIX H MOJe3HbIX HICH JIA KONCTPYKTOPOB CHCTeM 
TEXHHUeCKOH KHOEPHETHKH. 

Ete OAHMM HHTePCCHbIM BOMpOCOM, KacalolluMca «<CaMO- 
CTOATCIBHOFO CYLLECTBOBAHHA poOoToB O¢3 HAcHHOH mOMOLMLH 
CO CTOPOHbl KOHCTPyKTOpa, ABAAeTCH BONPOC O nmpucnocob- 
JICHHOCTH JlaHHOH CTPYKTYPbI, LOCTAaTOUHO CIOMKHON H H3ObI- 
TOUHOH, K BHINOTHeHHIO HC OAHOH, a HECKObKHX pas-TAMBIs 
(byHkund. Beakaa ctTpykTypa C H30bITOUHOCTbIO HMeecT BO3- 
MOIKHOCTL RCMOMb30BATb H30bITOUHbIe QICMCHTBI WT (bopMu- 
poBaHisi cBoero NOBeeHHA. Tlostomy Yacto HckyccTBeHHaa 
KHOepHeTivecKkad CHCTeMa, NOcTpoeHlan ATs BbINOHeUHS 
OXHOH PYHKINH, OKA3bIBaeTCcA CnOCOOHOH MpOHSBOANTh H UPy- 
rue (ilanpHMep, JlornueckHe OnepallHH HapsAty © apudMerH- 
ueCKHMH H T.8.). Hexotopble KOHCTPYXKTOpb! BbICK a3bIBAalOT 
OKanoObl» Ha TO, UTO He ycmeer HOBAH KOHCTPYKUHA BCTYIMTS 
B CTPOH J.1A BBINO.JIHCHHA cBocH 3aauH, Kak VKe OKa3bI- 
BaeTCH, UTO OHA MOMKET H HONKHA HCNOMb30BATbCA A410 copep- 
(ICHHO HHDbIX TIPHMeHeHHH, Ha KOTOPbiec OHA He PaccHiTHIBa- 
JtaCb. 

Tipo6semMa mpHcnocobanemMocru KHOCPHCTHYCCKHX CHCTEM 
K HOBbIM YCJIOBHAM B H3BeCTHOH Mepe aHaJlOrMtHa ipo 6ure- 
MaM CaMOOpraHH3allHH H 'BbIKMBAHHA. HecoMHeHHO, 4TO CH- 
creMa, cilocoOHad B H3BeCTHBIX BHeIWHHX YC.IOBHAX K C@MO- 
opranu3aunn, cnocoOHa TakwKe H K peoprann3gannH. ITpo- 
BONA MOCeMOBATeIbHO MpucnocoO.tenne CHCcTeMBI K Pa3s/TH"- 
HbIM YCcIOBUAM, MOAHO YCAOKHATH WM «HapallluBaTb» (PVHK- 
HH CHCTeMbI B MTpewedax, Onpewe/seMbIx KO.1H¥CCTBOM 
37ementoB. Maa mo 9 3TOMy MYTH, Mbl MOMMIH OL JO.1Y- 
GUTb HeKOTOPYIO MOM@Ib 9BOMIOUNH Opranv3oBanitbix cH- 
CTeM, HX YCJIOMHCHHA Kak CTPYKTYPHOrO, Tak H (PYHKIMIO- 
HaJIbHOroO. 

Cefiuac O¥elb TPYAHO MpeAcKasaTb KOHKPCTHBIE MNCPCIICK- 
THBbI TAaKHX HCCICTOBAHAH, OWNAKO HeCOMHCHHO, YTO NOcTe- 
ROBAaTebNOe MOBTOpeHHe Mmpomecca CaMOOPraHH3salnH B OTHO- 
WeHHH Bce 6o7ee HU 6oONee CIOKHDIX CHCTCM MOKCT MNPH- 
BeCTH K CHCTeMe, KaK YFOAHO COMKHOH C Kak YFOMIO CORK 
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HbIMH (@YHKUMAMH, ecay TOJIBKO He CTaBHTb orpaHuyeHui co 
CTOPOHbI KOIHUeCTBA SJIEMCHTOB, BXONAUINX RB CHCTeMy. 

YUHTbIBAA, UTO npowecce caMooprayu3auny NpOucxornT 6e3 
yaCTHA pa3yMHOro TBopua, MPHXONHTCH MPH3HATb, uTO 1a 
Bompoc: «Moxer mH po6or craty yMuHee CBOero KOHCTDVK- 
TOpa?> —Mbl He MoxKeM c NOHBIM OCHOB@HHEM OTBETHTh OT- 
PHULATeJIbHO. TaKkag BO3MO2%KHOCTb, XOTH Ob B NpHHWH Te, 
CyYULeCTBYeT, HO MYTH ee peasH3anun Cule WKAYT RalbHeliwmiuyx 
HCC1eLOBaHHy *, 





* loka neuatanach 9ta KHHTa, NOABHJHCh padorn, NPOROJIK aloulHe 
HCCTCROBAHHA CAMOOPFaHU3YIOWLUXCA CHCTeM, Hurtepecunte D€3VAbTaTbI Mo- 
“ayueHbl B Tapspapackom yHuBepcutete. Ha manmie HBM-704 MO2C.1HDO- 
BaJICH TBOPYeCKHH nMpowece noucKog MeTOAOB pelieHHs HOBOH 3anaqu. B ma- 
HIMTY BBOAMOCb MHOFO pa3qHUHBIX NpOrpaMM, B TOM UnNCe wu 6eccMBICqeH- 
HLIX, H CTaBHach 3amayua. Mauna pewlata 3a.ayy wayran, “ame Bcero 
HenpaBuJIbHo. Pesyabrar peuesusa OUCHHBAaJICH HW Ha OCHOBe ONeHKH H3Me- 
NACH MeTON peuleuus. Buauane NPaBHJIbUbIe pesyAbTaTyl NOTYUaJIHCb 
“ullb CIY4aHHO, NpHOAM3uTeIbHO Onn pa3 43 400 nonuitox. Tocne ne- 
CKOMBKUX COTEH THICHY NONLITOK y MAlHHBI “BADYr> NOHBFRNOCb camocToR- 
FeIbHOe CYKNCHHE O IIPaBHAbHOM MeToge PeleHua, WH Maiee Ona npuazep- 
*KUBaNACh BCerda 3TOrO MeTOMa, HECKOMKKO H3MCHAA ero caMocTonTenbHO, 
CCIM H3MeCHAach 3anaua. 

O6miasa cxema 3toro OKCHEPHMCHTA HAaNOMHHaeT ONHCAHHMeE BHC ONBbI- 
Tot Papau u Kaapka, Ho B AAHHOM Ciy4ae ycnoBusa oMbiTa 6aANKe K npak- 
THYCCKH HHTePeCHBIM ABAeCHHAM. Samava, craBuBiasca MaulHHe, cocToama 
B OOpa6orKe 1[4-3Haunoro uncaa nocpeAcTBOM 63 MaTemMaTHueckux one- 
pauHh. Astopb pa6orpi CHHTalIOT, 4TO FeErye MOCTPONTE Mallnny, enoco6- 
HyiO BLIPaboTaTb co6cTBeHHOe CYRMEHHE TO CNOMHKHOMY BoNpOcy, 4eM TOUHO 
op Manu30BaTp aITOPHTM PeWeHHA STOO Bompoca. (Hpio-Hopx Taine, 
4/1, 1958). (pumeuanue npu Koppexrype). 
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rJEABA 12 


LOAbDMOH PObOT 


Utro »*e apie? 


Uenosek mpHoopedl OTAHUNbI OT TIPOUHX AKHBOTHBIS OO.1UK 
H O6pa3s XH3HH C TeX TOP, Kak CTaul cnocooel MpPHMCHATb 
OpyiHA WH HHCTPYMCHTI. Ilo Mepe HaKoOTJcHHA Ye.TOBCKOM 
OlbITA MCTOb30BaHHA pa3JTHYHblx ony ani mpousBpoactBa, 
nepedBHAKCHIA H T.2., 9TH OPYAHK COBEDINCHCTBOBAJINCh, 
YCNOKHAIHC, MPHNOCHIN BCE Oolbule TOMD3bI H Tapa, MDH 
MpaBHJIbHOM HX HCMOJb3OBANE, Bee OOJbUIVIO IpPOH3BOAH- 
reAbHocTb Tpyda. B Hwaule BpeMA UC.TOBER, KOTOpOMY Tped- 
CTOUT, CKaXKEM, MPOTOKATH WOpory B KaKOH-JIN6O MeCTHOCTH, 
yoxKe He ripucrynaer K 3ToH pabote cpa3sy, XBaTaACch 3a TOMO) 
a glonaTy. CHavasa OH H3roTOBMACT MAaUlMHbl-Opytin H Ma- 
NIMHbI-IBUTaTCH, C MOMOWLDIO KOTOPRIX 3aTeN BbUTOSIHACT 
pa6oTy 10 yeTpolictBy foporn Cc HCCPaBAeHNO MCHbDUNIMIL 
3aTpaTaMH BpeMCHA H YCHJIHH, YeM eCTH Obl OH NPOKAAaIbIBa.! 
mopory TOABIMH PpyKaMH HH © NMOMOUIbIO TPOCcTCHUIHX Opy- 
nui. B waul Bek McXaHi3ali TPYAOCMKUX padot witoe Hl 
MpedcTaBuTh ccO6e HEBOSMOMKHO. Bee 6o.bule MaluHH MNPHXo- 
AUT B UPOMBIULICHHOCTb, CeIbCKOS XO3AHCTBO, TpaucnopT —— 
Bcloly, THe paboTaeT WeOBEK. 
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OueHb penko WeOBeYeCKaH pyka HeNOCcpeACTBEHHO TIpH- 
KaCae€TCA K CbIPbIO WIA ero oOpa6orku. Pyxy Mactepa Bcenja 
‘HOO JlepKar HHCTPYMeHT, w1H60, Yate BCero, JexKaT Ha 
PYKOATKAX ynpaBnenua MaINMHOH. OnHako pa6otaer B mpo- 
ecce MpOuv3BorctTBa He HHCTPYMCHT H He Malrnua, a uejo- 
BEK C MOMOLIbIO HHCTpyMenta y Maltnnbt. Mama «yayny- 
HACT> erO PyKu, Mewlaer BOSMOXKHBIMH MHAVIHOHbI pa3sMUHErx 
OnepalnH o6pa6orkn, KOTOPBI€ HUKOTa Heb39 ODIO. Opt 
COBCPWMTb HM TadblaMu, HH HOrTHMH, HH 3y6aMH, nenaer 
PYKH YeOBeKa HAaCcTOMbKO CHIbHBIMM, YTO EMy He nNpuxonutcg 
NPHarath coOcTBeHHOy @usnyeckoh cup. Te MI POH3BOACT- 
BeHHbIe Olepalrnn, KOTOpble CerowHa eure Tpedyior u3uue- 
CKOH CHIBI paOouero, Mbt Ha3uBaem “OTCTAJIbIMH»>, HeMexa- 
HH3HPOBaHHbIMH, HMeg B Buy HX CKOPOe HCcue3HOBeHHe. 


Pa6ota uenopeka B MPOuecce MPousBoNcTBa Bce Oovlblue 
H OObUIe cTaHoBUTcA paOotoh ynpaBaenna aPpMHeH opyantt, 
H PYKH YeoBeKa cTaHOBATca 13 HENOCPeACTBEHHBIX YenoV- 
HUTeeH JMUWb TIpOBOLHNKaMy CHTHAJIOB-KOMAH, Tlepeqapae- 
MbIX OT YelOBeKa xk HCHOJHHTCJIBHBIM MeXaHu3MamM. 


Musyyeckuyt TPYX YeNOBeKa cran H€NPOH3BOAHTeAbIBIM, 
“OTCTAJIBIM>, DANOM Cc MCXaHHyeCKHMH MalluuHamy OrpoMiolf 
MOINHOCTH M CBepXxTBepBIMH “KOrTAMH> H «3y6aMu» MaulHy, 
PAXOM ¢C TOHYanuer TEXHOJIOTHEH CNORKHBIX IIPOH3BONCTB, He- 
MBICJIHMOK pW BEITOTHeHUH TONBIMH PYKAaMH YenoReKa. Ue- 
‘TOBEK B IIPOH3BOACTBE LeHUTCH CerOMHA Ne KaK CH1a4-rpy3unK 
HH MOJIoTOOOeU, cnoco6HBIi paOotath «3a ABOHX», a Kak 
YMHBIH Mactep, BAYMUHBBIT AXNMHHUCTpaTop, uMelomui Bp 3a- 
mace MHOrO 3HaHHH Hu onbita H CMOCOOHBIH =BeCTH apMuio 
MaluHH K noOexe KpatuatiurnMm MYT€M H C HaHMeHbUIHMH fo- 


HM stpyn stor CTaHOBHTCA BCe ClOmKHee yY OOWIMpPHee, a ruap- 
Hoe, OTBeTCTBeHHee, m0 Mepe pocta o6ulectBeuHoro mpoy3- 
BOACTBa, PocTa Tex MoulHOcTe # PasHoooOpa3uA cpexcrts, 
KOTOPbIE MPHHHMaIOT yuactue mpowecce MpoH3BorcrsBa. 
Beraet Bonpoc o MeXaHH3auHH yopaBenug MPOW3BOACTBOM., 


MH kak B Te BPpeMeHa, Korgqa uenopex BICPBbIe TPHBs3aWI 
KaMCHb K MaKe, H3rOTOBHB N€PBbIH HMHCTPYMeHT, uUTO6m 
BHINOJHATh DU3H4eCKyIO paOoty, B Haw nH YeJIOBEK TOMKe 
H3TOTOBH.I H MpHMeHuu OPYAHA, OG6vleruaiomtne ero TPyYa 
yupaBJeHHa mMmpousBorctBom. Ha Hallux [la3axX Bce yaute 
B OOacTH HHTCJWIEKTY aJIbHOTO Tpyna MPOHCXONUT To Ke Ca- 
Moe, UTO HMeeT MecTo WIA Tpyaa dbusuyeckoro. Baecto TOTO, 
NTOOLl CBOHMH PyKamu (1yulle cKasaT, TEN€Pb «KCBOeH Tro,9- 
BOH») pewath Sdauy, nepemucblBan MHOKecTRO Lup u mpo- 
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U3BO1A B VMe THICAYH BLIUUCCHUH, YeTOBeK H3POTOBAACT Ma- 
muHy, KOTOpad OpicTpee, HadeKHee H ayule Cro BbITO.THACT 
sty pasoty. Bee 6odplliec Tak Ha3blBacMbIX YHCTO yenoOBede- 
CKHX Baad peusalor HHCDOPMAILHOIMIIDIC KHOCpHeTHUccKHe Ma- 
INHHb, H peulacmble HMM Sadat craHoBsATcCA Bcc OOLEMHCTCE 
a caomuee. Hesapom H. Bunep rOROpHT O éBTOPOH MpOMbIll- 
JCHHOH PCBOLIOUHE>, copeplmiaioliciicd B Haun JWT Th cocTOA- 
wel B MCXaHh3oallik HHTOLIEKTY abo —paOoTbl HapaBie 
c paGoToH pUSHUCCKOH. 

Ec Obl meulepHoro WeOBCKa, HBrOTOBANBUIeETO KAMeHIIBIC 
TONOPbI, CHPOCH.TH, KAKHE ronopbl YesoBeK Oy ACT HPHMCHSIT 
B OyAyUICM H Kak OW GydeT HMM TOJIb30BaTbCA, Bpagd mu Onl 
wayke CaMbllt HCKYCUbIM MacTcp TONOPIbIX nen TOTO BpeMeHH 
CVMCJ paccKka3aTb O TapCBOM MOOTC, PHADAB.TAYeECKOM Mpec- 
ce H ApyruxX MalIHHAaXx-OPyAHss rauicro BpemMeHu. HM sto He 
ero Bila. B ero pacnopsaAKCHiH 6bLIo HeaocTaTouHoO HHOp- 
MAHHH JI TOFO, UTOOL! CAC1aTb STH CTOJlb aleko HAyHHe 
BbIBOJEDI. 

Mir B Haulin aNH Toe MOAeM CAPOCHTD ce6a: «AUTO MatyT 
HaM H HailHM NOTOMKaM KHOepHeTHUCCKHE MauinHbl?» MW Hato 
MpH3NaTbesA, YTO OTBCTHTb Ha 3TOT BONpOC MbI CMO2%KeM BPA 
gH syuile, "eM NCWLepHbIH Mactep. Mui cule CHIIKOM Ma.t0 
3HAeCM BO3MOMHOCTH Mali, MBI CULC Mado HX MHpHMeHsJIH. 
Tlo Mepe HakonJieHia onbita Hi aHannit APHAYT WorayKu H 
HaXONKH HAYKH, H 1O0;QOHO TOMY, Kak yedoRek ules OT KAMHA 
H OpOHSbl K CTaIH H CIMTABaM, oT OrHa K 3BTeKTpHuecTBY H 
ATOMHOH 39HeEPrHH, OH mpofiaetT HOBbIM TyTb OT COBPeCMCHHbIX 
TpOMO3AKUX H MOPOTHXx KHGepHCTHYCCKHX MalsHil K yeMy-TO 
HOBOMY, Ha (pone wero cerONHAUINNe MalWHubl OyMyT 3acly- 


LJ 


KKEHHO Ka3aTbcA MellepHou TEXHHKOH. 

Kakne 3leMeHTbI MpHayT Ha CMeHY coBpeMeHHbIM paHo- 
jaMnaM, TpalsucTopaM, MATHUTHBIM oH IH9TeKTPHNCCKHM 
queHkaM, TIpOBOlaM H KOHTaKTaM? OG 3TOM MO2XKIO TOJIbKO 
MeuTaTb H ManTa3snpoBarTb. 


Burtb Moret, 3TO SyAyT BOTHOBOANEIC ycTpolicTBa, pa6o- 
rTalollHe ¢C BOAHaMH anunol B CaHTHMCTD, MHJLIHMCTP, Ow 
MHUJLIMMeTpa WIH CO CBETOBbIME BostiaMu. Dbitb MOowKeT, ITO 
6ylyt *WuBbIe KJCTKH, KOTOpbie 6uOMOFTH-KHOeCDHeETHKH Ha- 
yuaTCr BbIpallHBaTb B MHTATebHOH Cpewe Oo 3anannol CxeMe 
CO. CHeWHasTHSHPOBAaHHbiMH (DYHKUHSIME. Moxer O6biTb, 9TO 
6ymyT 3aMOpoxKeHHb!e B KpuoctaTe WOUTH AO aOcOJIOTHOTO 
HYG KBAHTOBO-BbIPOKACHHBIC CAOMKHbIeE KPHCTAIILE Cc Heme- 
puomnueckon cTpyKTYpOH (c.1oKUbIe H cclOWHCHUIHe MOJIEKY- 
bt), cmoco6Hble MpeTepineBath uZ0MeEpHbie Wepexobl B COOT- 
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BCTCTBHH C MOCTYMaIOWMMH CHrHatamMH. Moxer 6bITb, 3TO 
OymeT uTO-TO elle, YeMY MBI He 3HaeM Ha3BaHHsA, mMOOOnO 
TOMY, Kak MeluePHubld Ye@JIOBCK. He 34/1 Ha3BaHHil MapOK JlerH- 
POB@HHbIX CTavieH... 

Y HaC €CTb TOKO OHH NyTb MOCKOpee y3HaTb BCe 9TO, 
H ITOT NyTb — HeyCTaHHO WH YNOPHO TpyAHTECA Hay pelleHveM 
CCPOTHAWIHHX NpoOvleM KuOepHeTHKH AIA Toro, UTOObI ObI- 
CTpee nepelaTb MaulnHaM CHaYa/la CBO OYAHHTHbIE mpo- 
CTDIC 342ayn, a 3aTeM HM Govlee CIOMKHbIC, TOOK! MOHeEe Hc- 
NOAb3OBATS TOMOIMLb MaIIMH MIs cOopa wu O6paborKku HHMop- 
MallHH, 4TOObI NocKOpee Hay¥HTb MALI! UdeOReyeCKHM 
ACTaM H HayY4NTbCA Y MAallHH BCeMY, UTO HeOOXORHMO Yes0- 
BeKY MIA Ma/IbHeHUIerO ABHOKeCHHA Brepen. 


YesoBek, HECOMHCHHO, MHOTOMY YUHTCH Y MalIuH Hw He 
TOABKO IOTOMY, HTO ON HCNOABSYeT pe3y/IbTAaTbI pacueros, 
HancdaTatibie Ha BbIXOQHOH JICHTe ABTOMATHYeCKOrO pelllalo- 
ero yerpokcTBa. Onepatop-nporpammucr, (OPMY/IMp youll 
Satayy A/In MaulHHbl, He TOJbKO O6Jalaer cnelHaabHbIMu 
3HaHHAMH. Bulpaxkasch O6pa3Ho, MalHHa BOCTUTHIRACT ero 
MBICIHTh HHAWC, CTPOKE, HE MONYCKAT MPOH3BOMbIbIX TOJIKO- 
BaHHH H HeOOOCHOBAaHHBIX pelweHnit, IlepeqaBaa Malune Ty 
HIM HHYIO 3aayy, YeOBeK 0693aH cTporoO C(pOPMYJIHPOBAaTb, 
ITO MONKHO ObITh CHeMaHO, KAK CeaaHO, KaK cheNatTh 9TO 
HaHJIYUWHM OOPa30M, a cCTaJlO 6bITb, KAKUM KPHTePpHeM Hao 
NGJAb3OBaTbCA MIA ONPeNQICHHA «HAMM YUMeroO» MOuweMy 
HMCHHO STHM KPHTepHeM, a He ApyruM. HeBo3smMoxuno 3anu- 
CaTb B TIpOrpaMMYy Malluupl ReHCTBHA, XOQ KOTOPbIX HenonaA- 
TCH TIPOTPaMMHCTY HIM KOTOPbIe HeyeTKO cDOPpMYJIMpOBaHBl. 
lopopa xoporTKo, pa6ota c malwunod BOCIIHTbIBaeCT B YeIO- 
BeKE TOMNOCTH H CTPOTOCTb MbILWICHHA H YMeHHe KDHTHUeCKH 
ONCHHBaTb CBOM COOCTBCHHbIe pelleHuaA u TelictBug. II porns 
TaKOTO BOCNHTAHHA BPAX JIM MO2KHO 4TO-1M60 BO3pa3ZHTh. 


Oraas ce6e oTyeT B CBOHX melicTBUAX Cc OCTATOYHOH Mou- 
HOTOH H YTKOCTbIO, NCHAB, KAK HMCHHO uemOBeK TIDOH3BONHT 
TY HIM MHylO pabory, chopMyupoBaB mpaBuvia, no KOTOPbIM 
9TA PadoTa TMPOH3BORHTCH, MOXKHO 9TY paOoTy 3anporpam- 
MHDPOBaTb, T.€. 3€NNCaTb KOMOM KOM@HZ MalwHHbl Hau peaulu- 
SOBATb B peulalouleM ycTpoHcTBe HempepbiBHoro welicrBua Hu 
NepeAaTb MOJHOCTbIO MalllHHe. ITO ocobeuNo BHITOAHO B TeX 
CHYNaAX, KOPHa aHaIOrH4Had 3amaya  peuulaetca NOBTOPHo, 
MHOrFO pas. 


Browne pa3yMHO cTapuTh 3amaun Mexann3gaunn ¢c mo- 
MOWbIO KHOCPHCTHYCCKHX MAUIMH HHMOPMALHOHHDIX MOHCKOB 
(aBTOMaTHUeCKUTi ONOHOTeKapb HW 6u6AHOrpad); sncner- 


383 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


yepH3allHy; A/[MHHUCTpaTHBHO-XO3AHCTBEHHOrO =—- YIIpaBJICHIA 
HPOMBINLICHNbIMH TpCANPHATHAMH H Ma poBaHHy MIpoHu3- 
BOACTBA B PpasHbIX MaciuTab6ax, NOCTavOBKH AMarO3a 3a00- 
NCBANHS TO JL4HHbIM OObCKTHBHOTO OOCIeLOBAHHA, aHaMHe3a 
H KIO OOIbUOrO; HUKeHePHO-TeXHUAeCKOTO  PYKOBOACTBa 
[IPpOHSBOACTBOM; BeACHHA CJIOPKHBIX TEXHOJIOTHYECKUX — TPO- 
eCCOB: ONTHMadbHOl = O3HPOBKH Jl€KapCTBEHHbIX BeLLeCTB 
H pacnpeeleiusa 03 BO BpeMeliH TPH M@€HKaMCHTO3HOM 
JeUCHHI; TPHMCHCHHA HCMpaBHTebubIX Mep B  OTHOLICHIN 
IpeCTYMHHKOB Ha OCHOBAHHH JaHHBIX CJleAcTBHA H OObEKTHB- 
HbIX XAPAKTEPHCTHK MOACYAHMOTLO, a TaAKKE BEACHHA cle LCTBHA 
HO YrOcIOBHbIM Je1aM. 

Bee 93TH ganaun Tpe6yioT 3HaHHA KPHTepheB ONTHMH3a- 
HHH, MPABi, TO KOTOPbIM BbIpaOaTLIBaeTCA peuleHHe, H cOOb- 
CKTHBUOLO B3BCIWIHBaHHs TO BEPOATHOCTH Pa3JlHUHbIX THNOTES 
B cayuae ucHo1NOH HHMOpMaLHH. Tlomb3a OT NOMbITOK Mexa- 
HN3AILHH PCLUCHHA ITHX 3aay BAKMOUAeTCA HE TOKO B Pas- 
rpy3ke TocyfapcTBCHHoro MH TexXHHYeCcKOrO alilapaTa i TIC BbI- 
NICHI UPOH3BOAUTCIbNOCTH ero TpyAa, HO elle H B TOM, uUTO 
HONbITKAa CHOPMY.IMPOBATb TOUHbIC MpaBHvia WH KPHTCPHH Ka- 
yecTBa paOOTbl HiKeHepa, Bpava, CYMbH, AMMHNACTpAaTOpa 
HpHHecer OFrpOMHy!O MOIb3y COOTBETCTBYIOUIAM oTpacJlaM 
HCHTCJIbBHOCTH, TO3BOJIHT UCTKO WOCTABHTb BOMPOCbl, YCTPa- 
HHTb TIPOH3RO-IbHbIe PCLICHHA H BbIABMTb CyUecTByIOMINe He- 
scHoctH. Mauna He TepmuT axKe TCHH HeCACHOCTH HH IMPO- 
H3BO14a. 


Boapilloe uncso 3acay cBA3aHO C BOeCHHEIM yeloM. Mx 
PCIUCHHE KOKHO M@XAHHSHPOBATbCH, u60 CKOPOCTb peaKiHH 
BUrpaX THNa BOCHHBIX AeHCTBHH NOUTH BCera HMCCT pelao- 
Ilec BHAUCTIHe, a OOLCM 3aadH, KaK MpaBHJO, HE MO3BO.1NCT 
UCOBCKY B OFpahHUCHiloe BPeMA PCIHTh ee CTPOrO, 6e3 Mpo- 
u3BO.1a. 3alauN oO pelmlenuu urp H BHIOOpe ONTHMaJIbHOH CTpa- 
TCTHH XAPAKTCPHbI HE TOIBKO WIA BOeCHHOTO Meda, HO HW AWA 
Dita MHpHbIX TPHMCHCHHIL. 

Muorne v3 3aau, YIOMAHYTbIX BIC, HC TOTbKO He Ppc- 
INCHBI, HO CLC H He MOCTABJeHbI WOCTATOUHO TOYHO WH CTPOTO. 
TIpouspouresd WIND pasBetkKa NyTeH MOgxOTa K UX TOCTA- 
HOBKe H PCuICHHH. 

Jit peuleHHa STHX 34a, HCCOMHCHHO, noTpe6yerca pac- 
MIMpeHue MaTeMaTHNeckoro almapara. Maliunbl BbISOBYT 
K OKH3HH OBbIC pasebl MaTeMaTHYeCKOH WayKH He TOJIbKO 
HOTOMY, UTO OHH MO3BOJISIOT MPOH3BOANTb BLINMCICHHA, HCAO- 
cTyMuble panee TO TpyHOCMKOCTH, H HCCAEAOBATb BOMPOCHI, 
HeEMOCTYNHbIe QWIA HCCeLOBaHHA CerosquA H3-3a OPPOMHOTO 
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KOJIMYUCCTBA HeO6xonNMoOt} BLIYHCJIHTCIbHOH pa6orThl, uo eiire 
* NOTOMY, UTO B xoge NpHMeHeHHna MaIUHH BbISABHTCA MHOro 
VCOMMMAHHDIX BOSMOXKHOCTeH, mg HCHOJIb30BaHHA KOTOpbIX 
OyaeT HCOOXOZHM Hoshi (opMavbHbri anmapar. 


Bo3mMoxKHocry KHOepHeTHYeCKHX cucTeM 


Ipirascp SarItHYTb B OyAyuLee, Mpr AOJIKHbI, XOTA Ob Ha 
OCHOBE HauluX OrpaHHyeHHBErX 3HaHHM, OWCHHTh BO3MOxKHOCTH 
TiPOH3BOJIbHO CJIOMKHOTi MallHHbl — 60 4buroro podora, 
OTBICKAACh OT e€FO KONCTPYKTHBHBIX 4 SKOHOMHYCCKHX xa- 
PaktTepucTuK. Mbt He 6yzem YUHTbIBATb SKOHOMHYeECKHe xa- 
PaKTCPUCTHKH HE NOTOMY, 4TO 3TOT BOMPOC He BaxkeH, a JINUIb 
1a TOM OCHOBaNHH, YTO BOSMOKHOCTH pealH3aluH MOryT Hac 
HHTCDeCCOBaTb TOJIBKO B Tom C7ydae, KOrqa MbI 3HaeM, yTO 
B TIPHWHUWile KONCTpyHpyemaa MalluHa Oyner B coctoanuy 
BHITOSATL ACeaeMy!O (bYHKILHIO. EcrectBenyo, uto IPH 3TOM 
OOvlbINasd YacTL BhICKA3bIBAHHH ABHTCA MWionOM (bantasun. 

YevlOBek, 3aHHMagcp CYAONPOH3BOACTBOM WIM anMUHy- 
CTPallHCH, MJIaHHDOBaHHem XO3HHCTBEHMbIX HIM BOCHHBIX one- 
Pau, pa3spaborKo# KOHCTPYKUHH Win TEXHOJIOTHH, HIN Ke 
HayHbIM HCCAeLOBaHHeM, KPOMe€ MpakTHyeckoH HH 93Kcre- 
PHMEHTavibHOr ACATCABHOCTH, HEMP@MeHHO omKeH MBICJIHTb 
HIM, JIYUIMe CKa3aTb, pas BUNT ATE. JIA toro ytoép 
PewatTh Te *%xe 3anaun, pooor, NO-BHAMMOMY, ROvDKeH 6bITB 
CNocoOCcH MpoH3sBonHTD H€KOTOPble Olepalun, paBHouennpe 
Pa3MbILLICHHIO, ecH He To XapakTepy, To no pe3ybraty. 
Moxkno sa AONYCTHTb CYULeECTBOBaHHe Taxkofj BO3MOKHOCTH? 
Yero ne xBataer MallHHe JWJISt TOTO, uTO6pI NOJIHOWeHHO 3a- 
MEHUTb Pa3MbIILISIOULCTO YeOBeKa? 

IIpexcraBum ce6e Oobworo po6ota — Mamuny, HMeto- 
THY!O IPOH3BOIbUO G6ObMOe aNE]O YYBCTBUTCJIBHBIX WH HWCHO.T- 
MUTCMDHBIX QICMEHTOR, RocTaTouHB 3amac 3HeEPrHH WH KaKk 
YTOAUO MHOTO 3anOMHMHAaIOULAX KOMOHHMPYIOULHX S”1eMeHTOB. 
Ilyctb Mbt Moxem KaKHM-TO O6pa30M co6patp sce 3TH 3.1e- 
MCHTBI BOCAHHO H OGecme4uHTD HX HOPMaJIbHOe (YHKUWHOHUpoO- 
BalHe B Te4ucCHHe HeKoTOporo IPOM@#KYTKa BpeMeuu. Tlycrtp, 
KPOMC 4YBCTBHTCJbHBIX 371eMeHTOB (pelentopoB) 4 yeno.- 
NHTCJIbHBIX (3~pPekToposB), uMetorca ITCMENTHI, BOSOYKReHHE 
KOTOPbIX COOTBeETCTBYeT BOSOYKTeHHIO KOMOUHAaLHH = penen- 
TOPOB H aextopos, Ilockoubxy unesto BC€X BO3MOKHBIX 
COUCTANHH 37IeCMeHTOB Topa320 60/blle, uemM YHeO CaMHX 
SJICMCHTOB, eCTECTBEHHO, TO MHCIO TAKHX «ILCHTPaJIbHblx» 
MICMCHTOB OyleT 3HayHTeDHO NP€BHIINaTh YHCIO peLento- 
POB H 9dextopos. 
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JlonyctuM Jia mpoctToTbl, ITO KAKIbDI 31eMeHT MOKECT 
HAXOAHTbCA TOJbKO B OJHOM H3 ABYX BO3MO2KHDIX COCTOA- 
HHH: «BO30yKAeCHHeE» H «nokol». Bo36yxAeHHe MO*KeT Nepe- 
WapaTbcaA OT 3RIeEMeHTA K 3eMeHTY HCNOCPeCACTBeEHHO, TPH 
HAAHUHH COCTHHeHHA, MpAMoro HIN Yepes yCHIHTCGb. Kak- 
Apt XICMCHT MOKeT NOAY4AaTb Bos0yxKMeHHe OT JOOOrO YAC- 
jla ApyrHX QveMeHTOB H TlepeaBaTb ero Tak7Ke JOOOMY 4HCJY 
3,10MCHTOB. 

Tho6ce BHCIINCe COOLITHE, MOCTYMHOe BOCHPHATHIO poo6ota, 
okaxKeT BOSdelicTBHe Ha eFO YYBCTBHTCIbHBIC 31CM@HTbI H 
npeppaTHTca, TAaKHM o6pa30M, B CHrHaJ] BO3OyYKICHHA B Cro 
cucteme yripaBlcHia. Ecau YyBCTBHTebHpIS 3.1eM€HTOB MHO- 
rO H OHH paglooOpa3Hbl, TO Pa3/HYHBIC CcOObITHA OyAYT BO3- 
6ymw ath Pa3/IHUHbIe KOMOHHAMHK YYBCTBHTCIbHBIX 39/1CMCil- 
TOB, T.c. OYAYT pa3sHUAaTbcA poOoToM. 

Kaka KOMOWHAaWMA BO30Y%ACHHBIX UY BCTBHTC.IbUBIX 
sCMCHTOB OYACT MaBaTb’ BOsOyxKACHHe OAHOTO BHYTpeHHero 
HCHTPaIbiOro ICMCHTA, coorBeTcrByloilero 3TOH KOMOHHA- 
IH PCUNTCPOB H MpeACTAaBJIAIOULETO, TakHM OOpa30M, COOT- 
BeETCTBY TOWNE UYBCTBHTCIbHbIH <ICHTp>. JLaa toro uToob! 
nanublii <ucHTp» BosOyKAaca TOPa vA TOJbKO TOrda, Korda 
Bo30yxK1eHa TOKO MaHhast KOMOHHAUHA penenTropoB (HI 
OMHOTO JAHUIHerO H HH OMHOTO HemocTaioulero), MOCTATOYHO 
BKMIOUNTS HCOOXOAHMbI€ UVBCTBUTCJbHbIC 3/1CMCHTDI TlO CXe- 
Me, W306parxkaloulenH MOTHYCCKOE BbICK A3bIBaHHe 


dy & dy K dg... &ap&b, & by & bg... & by 


rile a, — 3ieMelTbl u30paHHoi KOMOMHALMA, 
6, —Mpowne 3JleMeHTBI. 


Jlamee, HCNOMIMTeIbHbIC = 3JIeMCHTbI MOryT ObITb TAKE 
BKMIOUCHbI TpyilaMH, BO3Oy2K1aeMbIMH Kakaad oT cBoero 
MOTOPHOTO KUCHTPaIbHOrO» IEMCHTa. B pe3yabTatTe Mb! M0- 
nyuaem pooota, crocoGHOrO pa3HUaTb CVlOAKHDIC BOSHeHCTBHA 
H3BHe H COBCpWIaTb CJIOMKHbIE PeakiHH. 

Ocraered TOAbKO COCAMHHTb UYBCTBUTCIDHBIC H MOTOPHBbIe 
KILCHTDbI>, COMOCTABHB BHCLIHHE pasapamkenna Hw peakiui 
poodota Cc HeKoTOpol cTpaterucH, H Mbl nowlyuumM po6ota 
c MrHoBeHiol peakunel (T. e. 6e3 MAMATH) C 3aNaHHbIM M0- 
BCHEHHeM B JaHHOl OOCTAHOBKE. Ecuiu pH 9TOM HCIOJIHH- 
TeJIDUbIE WICMCUTH! — 2pdekTOp bl poOota — coesqMHenbl ¢ 3Hep- 
TeTHYeCKIMI BbINO/UIBIMH yCTpOHCTBaMH, peak pooora Oy- 
IVT BOSTeHCTBOBAaTb Ha puemntoio cpenty. MoxkHo, OAHaKO, 
OCTaBHUTb 9TH peakiHH B BHAe CHTHaJOB pos6yxKMeHHA 9d- 
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(EKTOPHBIX SJIEMEHTOB po6oTa, He ROBONA UX TO 9Hepreru- 
YeECKHX YCTPOHCTB. 


Co31aquM MHOFO pa3JIMUHBIX po6oToB nomo6HOrO Tuna 
C Ppa3IHYHbIMH CTpaTerHaMu (MpaBHaMH MOBeeHHA) Uu Mpe- 
AYCMOTPHM BO3MOXKHOCTh «BKJIIOUaTb» HX B paOoTy oTIeJIb- 
HO, 10 ovepewH. Mbl MOKEM KOHCTPYKTHBHO COBMCCTHTb 3THX 
poOoTOB TaKHM O6pa30M, YTOObI OMHH WH TOT *xKe 3IEMeHT HOH 
rpymma 3I€MCHTOB MOOvepetHO paOoTaJH B PasAMYHbIX Cxe- 
Max. TlopyyuM ynpaBueHue KOMOMHHpOBaHHOn rpymmonw po- 
OOTOB HOBOMY poGoTy «cTapmero» THMa H CHa6HM ero HeKo- . 
TOPDIMH JONOHATEIbHBIMH BO3MOMKHOCTAMH, HaMpHMep Bo3- 
MOMHOCTbIO 3aNOMHHAaTb BHeWHHe BO3eHCTBUA HM peakUNH 
«MJaQUIHX> pOOOTOB, a TaKKe BKJIOUATb HH BbIKsIOUAaTDS 
1060r0 Mianqulero po6ota B COOTBETCTBUY C HeEKOTOpOH co6- 
CTBCHHOH BHYTPeHHeH MporpaMMOli, HY CKa>KeM, CJIYYaHHbIM 
OOpa30M HJIH B HEKOTOPOM Nopsgke, no ouepeau. Ilyctp tak- 
Ke CTapwWHH po6ot oOaqaeT HEKOTOPHIM OCOOBIM POOM uyB- 
CTBHTCJIFHOCTH K BOSTCHCTBHAM BHeLIIHeH CpeAbl, COCTOAULHM 
B TOM, 4TO OH HE TOMbKO perucTpupyeT 39TH BO3ZelcTBHA 
B BHC CHrHaJIOB, HO H pa3JIH4aeT HX TAKHM O6pa30M, 4TO 
Pa3JIMYHble KacCbl BHeUIHHX BJHAHHH OKAa3bIBaIOT Ha Hero 
«CTHMYJIHPylOllHe» BO3JCEHCTBUA, H3MCHAA TeM HH HHbIM 
cnoco6oM nporpaMMy ero paooth. Jina nocTaxKenna 
nocleqHeH WeIH, BO3MOXKHO, MpHweTcA co3LaTp OTI@JIbHYIO 
CXEMY HIM CaMOCTOATEIbHOTO poboTa, CBA3aHHOTO co cTap- 
IHM POOOTOM HM ypaBuImioulero ero melicTBHAMH. Dto OynerT 
yKe «CTapIuHH» poOoT Broporo xk.aacca. 


IlycTb Tenepb Moa mepekpecTHbiM OrHeM BHeUIHUX BAHA- 
HHH HalllM COBMeCTHO pa6oTalollue poOoTbl oKka3biBawTcsa 
BKJIOYCHHIMH B paOoTy, MoKa 6e3 poOota BToporo Kvlacca. 
Crapuiu po6ot, pa6otaa no ipOorpaMMe, BKWOYaeT OZHOTO 
M3 MJaQUIHxX pOOOTOB, KOTOPbHIH aBTOMATHYeCKH BBINOHSeT 
CBOHCTBeHHbI€ CMY PeCaKIHH Ha BHELIHIOI0 oOcTaHoBky. Crap- 
WMH poOoT 3anoMMHaeT uw BO3selicTBUA, H peakunu. Satem 
BKJNO4AETCA MOOYePeC AHO BTOPOH, TpeTHH H OCTAJIbHbIe Milan- 
Wine poOoTnl. Korga MeronoM npo6 HenoD30BaHb BCe po- 
OoTbI, BK.NOUaeTCA cTapmHuit pobot BTOporo Kslacca, KOTOpHITi 
oOclehyeT MaMATb MepBoro ctapulero po6oTa u oLeHNRaeT 
WIM KaccHhulApyer pa6oTty Mjaquux po6otos. B Ppe3yub- 
TaTe ero paOOTbl HeKOTOPble 43 MJlaAIUHX po6oTos, NOJLYUMB- 
WHE BEICOKHE OMe€HKH N10 pa3IMUHbIM KPHTepuAM, OTOHPalOTCH 
B oco6yio rpynmy npwrogHEIx AIA anbHekmedt pa6oTnhl, a 
OCTAJIbHBIe, NOYYHBIHe «Hey» MO BCeM MpegMetaM, JH60 
NONPOCTy YHHYTOKAWTCA HW HHKOTAAa OobIIe He BKIOUa- 


3S¢ 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


foTCa B paOoTy, HOO cCTpyKTYpHO U3MeHsAIOTCA HM HCHBITEIE 
BalOTCH MOBTOPHO. 

OroOpannble MaagiuHe poOoThl ocrawrTca B padore 
BKJHOUAIOTCA CTapIUHM POOOTOM B COOTBeETCTBHH ¢ H3MeHeH- 
HOM mporpaMMod. Jlaibueliwaa pabota npuuocut HOBBIS OnE 
NPHMCHCHHA OTJ[CJIbHBIX MJaJIIHX pOOOTOB, YTOUNeHHe Olk- 
HOK, MONOHUTCJIbUBIH OTOOp. Bee MeHbllle cTaHOBUTCA CGjIy- 
“WaWHbIX HeyTauHbIX Peak, BCe PAaWMOHabuce — B CMbICAe 
YHOB.ACTBOPCHHA 3aJIOKCHHBIM KDHTeEPHAM — OyaeT NoBeTeHue 
CHCTCMEI, BCe OO/IDUIe 3HaHHH HakallJMBaeres B MaMATH 
cTapluero poodorta. 

MbI MOrIH Obl elle H elle yCJOXKHATH cucTeMy, Hapaulu- 
Ba BCDXHHC STAKH YUPAaBJCHHA, HaNPHMeCp, C We.TbiO HCIIDbI- 
TaHHA H HOLOOPaA KPHTePHCB OLCHKH PaOOTL M1aUIHX pobo- 
TOB, BBCCHHA OWMeCHOK cTapluHx poOoros u tT. 4g. Moxkuo Tak- 
KE BOCNOIL3OBATbCH MPHHUMMAaMH CaMOOpraHHsalluH,  T.c. 
CiClaTb OOULMM H BCCOObEMJIOWMM KPHTCPpHeM paGoTni Bcell 
CHCTEMbI CCTECTBEHHOE YCIOBHe MWINTeJbHOrO ycrokunBoro 
CYULCCTBOBAHHA CHCTCMbI B ILCIOM B OKPyxKalolleH cpeze. 
EcrecrecuHo, To 18 Mpolecca opraHu3aunu WH O6yUcHHA 
CHCTEMbI MOTPCOOBaICH Obl HEKOTOPHIN NCPHOA Bpemein. 

Ilo mMpolecTBHH BpeMeHH OG6y4eHHA cHCTeCMa pearupyer 
Ha BHCIIHHE BO3ACHCTBHA ONTHM@JIbHbIM HIM MOUTH ONTH- 
MAJIbHbIM OOpa30M, MOKA OHA HaXOJKMTCA B «MPHBBIYHbIX» 
YC.IOBHAX. 

JTio60e cwIOxKHOe BO3SACHCTBHeE MOXKerT ObITb CHaYaa 3a- 
(PHKCHPOBAHO B NAMATH, 3€TCM MaMATb OOC.1IeMOBaHa B NO- 
HCKaX AHAJIOTHYHBIX MPeObIyYULNX BO3STeHCTBHH H NO 9THM 
BOCNOMHHA@HHSAM BOCCTA@HOBJICHbI BCe BOSMO?KHbIe PeaKUWHH, HX 
PC3yJIbTabbl H OWCHKH pe3y/IbTaToB. M3 BocnOMMHaHHH O pe- 
3YJIbTATAX MOKCT ObITb BbIOPAH OAMH C HAMBbICIIeH OWeHKON 
B COOTBETCTBHH C JCHCTBYIOULHM KPHTepHCM OWeCHKH («Ha- 
CTPOCHHCM> WIH «paciMOJIO%KeHHeEM lYXa» CHCTeMbI, eCJIH 
NO3BOJIHTb CeOe BOJIbHbIe CpaBHeHHA) Hw OCYLIeCTBJIeHa Ta 
peaKIHA Ha WeHCTBY1OlLee pasaqpakenne, KOTOPaN cCoOrlacHo 
APOWAOMY OMbITY MaBaJla YTOT pPe3yJIbTAaT. 

Ho BoT, MOMYCTHM, BO BHeUIHeH OOCTaHOBKe MPOH3O0IL.10 
HeEKOTOPOe OTCTYMIeHHe OT MPHBbIUHbIX YCJIOBHH, HanmpHMep, 
MOABHJICA KA@KOH-TO HCH3BeCTHbIH OObEKT, OKA3bIBAIOWLHH Ha 
CHCTeMY UHeNPHBBIMHbIe BO3OyYKTCHHH. OTH BO3s0yKTeHHA 
OObIUHDIM OOPa30M BOCIIPHHHMAIOTCA MALIHHOH, 3aMOMHHAIOT- 
cA H CpaBHuBaloTcs c NaMaTblo. Ho nemocpeslCTBeHHOrO COB- 
fameHHa ve momyyaetca. Hopoe Bo3sekcrBue He MowKeT ObITS 
OMO3HAHO, H OKA3bIBaACTCAH HCBO3MOKHDIM HboIOPaTbh pcakUHW 
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HENOCDEACTBEHHO Ha OCHOBe HpeCAbAyWero ONbITa. YewoBek 
3 NOMOOHBIX ycnoBuax BLIHYK eH ObIBaeT 3alyYMaTbcsa v4 no- 
Pa3MbICIHTb. On nomKer ITO-TO TIPHOyMatb. 


B Hallem cnoxHOM po6ote Bo3unKaer COCTOAHHe He- 
"CTOHYHBOCTH (<HeyoBeTBOpeHHocTu», “BOJIHCHHA»), BbIZbI- 


HHCM «HaJIHYHA BoNpocay nay «“HeoOxonumocru PewuTb TIpo- 
OvIeMy». 

ITO coctoauue CHCTCMBI, MOCKOJIBKy ono DbIpaak Ong 
B KOHKPCTHOM cuHrHavie, MOXKECT BKJIIOUNTE NPOrpaMMy seii- 
CTBHH, HalpaBJeHHyiO Ha peuleHne satay O Hanyyurer pe- 
aKUHH Ha H3BecTHOe BO3qeHcTBue. Js storo NPOUSBORUTCA 
dua43 BO3ReHcTBuA, ono PacweHAeTca ita aneMeHTH HJ 
TPYNNbl 31eMeHTOR, KOTOPbIe conocTaBamiorca ¢ NaMATbW, 
BPINCIAETCA TO, YTO yxe 3HAKOMO, H TO, UYTO NpeActTaBaaer 
HOBH3HY, H Takum O6pa30M 3anauq bopMyaupyercg. aee, 
COBMeCTHO rpynmupyetes pce HSBECTHOe M MeslaioTcs nonpr- 
KH JONOJHHTh Henocraloulne CBEACHHA CBeeCHHAMH, B3ATbIMH 


43 HMeIOWNXCA B TaMary. Hnaue TOBOPA, CTpostca runore3py 
HWIH MpennovloKenng. Kaxkgaa runotesa NPOBepAetTca, Te. 
C HeH conoctaBaaercg PeakKUHs, BeEpOoATHBIf PC3YIbTaT peak- 
HH, H 3TOT pe3yantar COMOCTaBJIAeTCA ¢ KOMIWI€KCOM ye 
NMCIOULHXCA CBeNeHHH O HOBOM oOvexte. [I pu HaJIWYHH TIpo- 
THBOPedHH HMCIbITHIBaeTCA HOBad runortesa, KOTOPad «Bbry- 
“BIBA€TCA® TeM Ke NYT€M JONOIHeHHA Henonnbix CBeeHUuh, 
Bee 370 MPOHCXOQUT 6e3 HCNOWHeNHA peakuu Gy, 
Ha OCHOBe aHanu3a COHEPKUMOFO Mamata, rye 3aPHKCUPOBaH 
OOM Ub MaTepHau o BO3e€HCTBUAX, P€aKUHAX, HX pe3yatp- 
TaTax. O6cyxgzenne TAnNOTe3 6e3 npunsatug PeWeiHa wu 6e3 
PeakilHH mpegcrapaser co6or XapakTepityio oco6ennHoctp 
PasMbllueHua. Cuctema yee We npobyer peaxyny Hayrank 
C PHCKOM oulN6uTECR ¥ MPHHTH K TWIOXuM NOCJCACTBHAM, a 
nepeOupaer B namary BCE BO3MOXKHbIe NocexcTBusA peakuun 
H CONOCTaBAAeT Hx co CBEACHHAMH O HOBOM O6beKie. Eon 
OANa H3 runote3 mpupener x CorlacHio ¢ NpeAbLLyuUIM OMbITOM, 


NOJIHACTCA, 
Ecam oe runorespi HCCAKAIOT, BONPOCHTevpItOe COCTOAHHe 
NPHBORUT HOO K SHEPTHYHOH xaotTuyeckog Peakiin, eff- 
CTBHAM Hayray (maHHuecKoy PeakUHH), B cuyyae CCI BO3- 
A€HCTBHE NpHHOCHT OOIbWIOH Ben, WHO K OCTOPOKHOMY 9xc- 
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nepHMcHTy — BbUKHAaTCADHOH NneakWHH Ha WO-lyNeHHe TONOdI- 
HHTC@AIbUBIX CBeCHHH AA alaJilsa. 

To oOCTOAT@ABCTBO, UTO HCIIbITAHHC runotTe3 MOKeT MpO- 
H3BOLUTECA OC3 LCHCTBUTC-IbHDBIX peakiHi, Ha OCHOBE 3alla- 
COB TaMATH B CHIHaIbHOM adaBuTe M KOAe CAHCTEMBI, ONH- 
CbIBAIOWLeM BHeWHHE COOMITHA H HX B3aHMMOCBA3b C peakiHaA- 
Mu, HMeeT OobUIOe SHAadCHHe. Jro He mpoObl Hayrad, He 
IMMUPH3M, a HeKOTOPOe noro6ne TBOPpucCKHX TEOPCTHYCCKHX 
nocTpoeHuli — pasMbINLICHHE. 


PemenHan 3ayata 3anOMHHaecTca H BXOAHT B AKTHB Ta- 
MATH WIA WadbHeHwero HCMOWIb3OBaHHS, Kak HCMOb3yeTCA 
OMHaKIbl LOKa3aHnad MareMaTuueckan TeopeMa, T.€. cpa3y 
of (OpPMy.IMpOBKH K pe3yJbTatTy 6e3 MpOMCHKYTOUHDIX Pace 
cyK AeHHH. 

To, uTo MbI CKa3a.1H O runOTeTHUCCKOH CHCTeEMC CHOVKHOTO 
pooora, cnoco6Horo pa3sMbill AT, Pe LCT aB.1ACT cooOon Mpo- 
cTO (aHTasAt, Ouith MOZKCT, C1460 o6ocHorannylo. Ect Obl 
MbL B3AYMa@.1H TIPHCTYNMTbh K OCYULCCTB.AACHHIO noLO6OHOH CH- 
CTEMbI Ha COBPCMCHHBIX MalIHItax, Mbl Obl BCTPCTHATHCH c Wwe- 
JibIM PATOM Hey LOOCTB, Tpy AHocTeH H HEpelleHHbIX BOIPOCOB. 
Mop 6p Obl BbIHYAKJTCHDI coBMelllath B OAHOK CHCTCMeC CBOK- 
cTBa Pa3sJTHUHBIX cyllecTBY 1IOULHX cucteM, a KpomMe Toro, NPpdO- 
neath 6a1bILytlo padoty Ho KOHKPeTHOMY nporpaMMHPOBa- 
HHIO 3TAHOB PpaOOTbl CHCTCMEBI. Bo3mMo2kHo, uTO Taka 3a-1atd 
OKa3aiach Obl clomuce, YeM, HalpuMep, 3aiaua MAIMHHHOTO 
nepepowa TekcTa MWealll cogdania HiIpopMallMoniroro cnpaBou- 
HHKa. 


Ilna toro uToopl cHcTeMa BLOJHsila OMMCANHBIe (YyHK- 
ILHH, OHA WO.1KIla padoTaTb HenpepmBHo, B oTanune oT cylle- 
CTBYIOULHX CUeTHBIX MalltHH, 3aNyCKaeMbIX cTapT-curHa.10oM 
nocje BBOMa ZaHHEIX. Kpome TOTO, cHeTeMa HOaKHa O6N1a 1aTb 
peenropaMyl — YYBCTBUTCIBH PINE 5,1CMeCHTAMH, KOTOPLIC BbI- 
qaiotT B Malllitty CHTHAADI | 6 anapite Maluunbl B  COOT 
BeTCTBHH Cc BHCIUHHMH cobpitiami. Bo.apiwoit po6or 10-1- 
Ke padoTatb, B OOULeM, TAK, KaK padoTactT agromMat, He 
pe PbIBILO omyimaroult oOcTaHOBKy 1 HempepbiBiio = pearl 
PYIOMLMH Ha Hee, TO-IBKO, pa3ymeetca, ropa3sAo Goslee 3ZaMbICIO- 
BaTO. 

O6cnexopanne maMsTH, BEIOOp B COOTBETCTBHH C KPHTe- 
pHeM, TpyNNHpoOBKa M0 Ipu3sakaM H Apyrue nooOuble one- 
pal He HOBbI, Tak Kak OHM WIMPpOKO MPHMEHSIOTCA B mei- 
CTBYIOINNX CerOTHA Malinha. Onunako culeqycT OTMCTHTb, TO 
B COBPCMeHHbIX MaliHHax YBCHOMHNanve>» CBOMUTCA K THepe- 
6upaunio Bcero COMepAHMOTO namMsata (Kak IOHCKH CJI0Ba 
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B MallWHHOM CaoBape). «Bcnomunantes MO accouuvanHu ¢o- 
BPCMCHHOH MallMHe yyxK,O0. 

«BonpocuterbHoe COCTOAHHE>, O KOTOPOM MBI rOBOPH.IH 
BBILIC, KaK OO HCXOQHOM MoMeHTe Pa3MbIUVICHHA, HAaCKOVIBKO 
HaM H3BeCTHO, 2O Cero BpemMeHH B MaluwHaxX He peaviH30- 
BaHo *, 

IIpHHUMMHaIbHO OBO 6p OY€Hb MHTePecHO TlonpobHee 
MCCELOBATh STO COCTOAHKE, Mopoxnaioulce MOHCKH, H3MeHe- 
HHA MPOrPpaMMbl NOBEACHHA H T. J. Ollyulenve Hannung mIpo- 
OJIEMbI SABAACTCH OUCH BaxKUDIM MOMCHTOM MbBICJINTebHOott 
PaOorbl, KOTOpEI no cux NOP YA COBPeCMeHHOMY -«MauIHH- 
HOMY pa3yMy». Bo3moxuno, uro BBexeHHe B MalllwHy cioco6- 
HOCTH <OULlyIlaTb BONpoc» IpuBener K NOABJIEHHIO y Hee He- 
KOTOPOrO NOROOHA pa3z”IHYHDIXx <SMONMOHAIBIBIXY HAH «atp- 
PeKTHBHEIX» cocTOsHH HH nNoTpeOyeT ux BBexeHn| Hapsy 
C COOTBETCTBYIONLUMH = IeHTpavIbHBIMIT CTpyKTypaMu, peryan- 
PYIOWMMMH COCTOSHHA «KHOpMaJbHO; PpeakuHH», «BompocuTevb- 
HOrO Bo3OyxyeHHA» (Han “HEY AOBJICTBOPEHHOCTH>), «yCKO- 
PeHHOro MOucKa peakunn» (HH <N@HHKH>) HT. OL. 

Cok HEI po6oT mopKeH ObITh HetlocpexcTBeHHO cBa3aH 
C sdPekTopamu — ucnomuTerbHBIMY OpravaMu, Tpnuem ux 
BKJNOYCHHE JWIA OCYULeCTB.IeHHA PeaKiWHH AOJDKHO TIPOH3Bo- 
AUITECH OTHEJIbBHO OT «IpHHaTuaA PelmleHHA>, T. e. ZOCTHKeHUA 
(OKOHYATCIBHOTO COCTOAHYSA BHIXOMHBIX CHTHAJIbHbIX 3JIEMCH- 
TOB poOota. Takum oOpa30m, 4x OILYIMeCHHS, u peaKkuHH 
AOJUKUBI ObITb 3aPHKCHpOBaHbI B HaMATH UW CYINLeECTBOBaTb 
B BUNC CHTHAIOB, COOTBETCTBYIOINNX PeaJIbNbIM BO3ReHcTBHAM 
H peakunam. Hecomuenno, uto COepK anne MAMSITH IPH 3TOM 
AOAKHO OKa3saTbcA Ooraye, YeM peasbHOe NOBCLEHHe, TaK Kak 
Ha BBIXO CHCTEMbI NMOMalOTCA TO’IbKO HEKOTOPble peakuuH, 
OTOOPaHHble 43 Oombioro unca BO3MO>KHBIX, 

CaoxKbIe po6oTb, nono6uple ONHCaHHOMY Bbllle, OyazyT 
HeM30€2%KHO O61aaTb  coOcTBeHHEIMA «TEMIMe€paMeHTaMnH». 
Cmellat KpuTepun oneHoK u H3M€HAA MPOrpaMMp MoNcKa 
pM peulcHHH 3amay u BHIGope PCaKUMH, MOXKHO OblIO Obl Np 
HeEOOXOAUMOCTH TlOCTpONTh poOoTa «3alymunBoro»— uenpith- 
Batoulero MHOTO THMOTe3 XO BbIOopa PeaKIHH, po6otra «pemmn- 
TeABHOrO>— ObIcTpo ocyulecTBIsIOWero TEPBYIO Ke Halincu- 
Hyio Oo.1ee HH MeHee HOAXOAILYIO peakuHWO, pobota «nyr- 
IHBOTO> —- CKJIOHHOTO K Pe3KHM «HeOOLYMAHHBIMy peakiluaM, 
podota «u306peratrerbHoroy— cnmocoOHoro) =k BBINOJHeHHtO 





* Bawxatiuinm nogo6uem 9toro COCTORHHA SABASCTCH Tlepexon K TO,- 
IpOrpaMMe OTOpachipaHua OKOHYAaHHE MpH OTCYTCTBHH MCKOMOrO c.IOBa 
B cTOBape B CAy4yae MalHWHOrO nepeBoga. 
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6ojpuioro wncsa pasHooOpasvBlx onepauuH Cc UMECIOWLCHCA 
B ero pacnopsaAsKCHHH HHdopMauuelH H K oOpazoBaHHlo PasHo- 
OOpa3Hbix THNOTe3 H npeANOJOWKeHHH, HT. A. 

Mauiuiia, CnocoOHad He TOKO pCcillatTh, HO H CTaBHTb 34- 
naun, Olyulan HeOOXOAHMOCTb 9TorO, ABHTCH HOBbIM WaroM 
B OCBOOOKACHHH YCIOBCKA OT HOBCEAHEBHOM YMCTBEHHOH pa- 
6oTEl, Manna ic cTaHeT YK.TOHATHCH OT TPYAHbIX BOMPOCOB, 
KAK 9TO YACTO CKIOUCH ACHATh YCOBCK, WH 3aMCHATb COO- 
CTBCHHbIe BbIBOJIbI, MOYYCHHbIC Na ocHoBpe aHasu3a PakToR H 
onbiTa, mpelyOexKTCHHAMA, npegpaccyakamMu HI noapaka- 
HHSMH; BO BCSKOM CAYUA®, ci} MO2XKHO 3alIpeTHTb 9TO MedaTb. 

Ha ocHope H3yucHHA TaKHX Manny, HECOMHEHHO, Obl. Ob! 
npHoOperen WeHHeHWMHH MaTepHal 0 MbICJMT@JbHOH padoTe 
ueopeKka H O MpoTekaloulux NPH TOM CULHaJIbHbIX Tpowec- 
cax. Vutepeccu Borpoc 0 B3ANMOOTIHOUICHHAX ABYX nO TOONDIX 
po6oTOB, CO3TaHHbIX H KBOCIIUTAHUbIX® He3saBicHMo Apy?r oT 
nupyra. Byayt JH TakHe poOoTbl MOHHMATb APYT apyra u 
B Kako cTenenH? Tlo-BHquMOMY, CJ HpH HX CO3TaHHH HE 
npenycMOTpeH o6mnl aipaBuT H OOH KOM MIA CBASH 
(o6ulni ABbIK), KAK STO Beeria mpedycmMaTpHBactca TIpu c03- 
aH KailaoB CBASH HW ApyrHs eCMHbIX KHOCPHCTHUCCKAX 
cucTreM, To MouuMauHe OyAcT ONCHb orpaHv4eHHbIM H.1K 6y- 
eT MOJIHOCTbIO OTCYTCTBOBAThb, TO Kpalinel Mepe, B Hadaule 
esnakomerBa». CoraiacoBaHnoctb nelicTBHH OOOHX «H€3HaKO- 
MBIX® Hdl <Uy2KHX» PoOOOTOB H o6MeH HHdopMauucH Mex*KAy 
HHAMH MOryT BO3SHHKHYTb CAMOCTOATC.AbHO, HO TOTbKO Ha OC 
HoRe HX TeHCTBHH, Ha OCHOBE aKTHBHOTO OGUleHHA. Xa- 
pakTep 3Toro obiienua OyucT 3aBHCceTb OT ycTpOHcTBa OOOHX 
poOoros. 

CKONMeKTUBY, COCTOALUH H3 MHOPHX po6oTos, NpeacTanAder 
co6oli eule Ooviece CHOOKHBIT H HHTepecHbil OObCKT MIA UByde- 
aug, KakaM oO6pa30M XapakTCPHCTHKH Y1eCHOB KOJJIEKTHBa 
HOBJIHAIOT Ha UX B3auMomelcTBHe H Ha caMOOpraHH3allHto 
KoNwIeKTHBa? Kakue cBeweHHa, nowe3ubie WIA oOurecTBa JHO- 
mel, MOMHO H3BUeIb HS H3YUCHHA KOJWICKTABA po6orTos? 

Viccnenopanus moxo6uoro pola Monee TBOPYeCKUX JIMA 
HocTeH H KOJWICKTHBOB Pe ACTAaBJIAIOTCA UpesBbluaHHO WHTE- 
pecHbIMH H MIOLOTBOPHPIME. CrenyeT NpOBOANTbh TAaKHE Hccwe- 
NopaHHsa, He NWyraxich TpyaHoctel H He CUMTAaACh c mpezpac- 
cy1KaMu. 

Kouered CKasaTbh 37iecb, ATO B 3TOIT, elle OYCHb MALTO wee Ne- 
mopaHHOH OOMacTH AOTACHbI OLITD TIDHJOZKCHbI COBMCCTHBIC 
YCHIMA YUCHBIX, UHVKCHEPOB H ng0opeTateieH CaMbIX PasJtt 
uEIx cieluarpiocrel. [axe CpaBHHTCAbHO MpOCTHIC MOJ(e.1H 
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C HeOOJIbUIMM YHCIOM 3/IEMeHTOB MOTYT OKa3aTbCA OYeHb T10- 
YUHTeJIbHBIMH HW OOMaNaloulMMH YAUBUTeAbHLIM pa3Hoo6pa- 
3KeM MoBeqennA. Bedb uncMO KOMOuNALHH paboTaioulux a.e- 
MCHTOB PaCT€T HeCPaBHEHHO ObIcTpee, YeM CaMO duCAO 9Jye- 
MeHTOB. Moxer ObITb, HMCHHO 9THM B S3HAYHTeCIbHOH CTemeHH 
H OObACHACTCA CAOKHOCTS NOBENCHHA KUBOTHBIX YeJIOBeKAa, 
KaKYyUlasicd HaM Nopok «6ecKoHeuHoly uy «Hencueplaemoii». 
TIone nestrenbyocru gas HM3YYeCHHA CBOHCTB KHOepHeTHyeCcKHX 
CHCT€M M UX MOJe€3HOTO HCHOAb3OBaHUA NOUCTHHe OrPpOMHO H 
Heo6o3pumo. WH sro none yxe maBno momKHO 6ObIIO CTaTb 
apeHOH OpraHH30BaHHolt, NI4HOM€PHOH eATebHOCTH uM cne- 
UHAJMCTOB, MeHCTBYIOWIHX MO eMHOMY rocyapcTBeHHOMy 
IMTaHY, W SHTY3HACTOB-OOuTeMeH, OPraHHSOBaHHbIX B JO6PO- 
BOJIbHbI€ OOWCCTBA H KPYKKU., 

DblTb MO2KeT, CKOPO MBI CTaHeM cBHAeTeNAMH CIOPTHBHbIX 
COPCBHOBAHHH poOoTOB-Mogeel, cosnaHHbIX KH OepHeTHKaMH- 
JIOOUTCAMH HW BBITOMHSAIOWLHX HeEKOTOPy!0 CTaHapTHy HH- 
TEMEKTYAIBHYIO 3aayy MaHHOrO CNOpTHBHOrO Kaacca, Ha- 
MPHMep, Hrpaloulux B Kakylo-N60 urpy ApPyr mporus apyra. 

Tpy4uHo nepeywncutTbh pce sanauu u Bce oOacTu KH6epHe- 
THKH, TpeOylollHe akTHBHOH uccenoBaTeJbCKO; HeATeJIbHO- 
cru. Tlonbiraemca Ha3BaTb JHU HEKOTOpble H3 HHX. 


Bo-nepBbix,— 3To M3yueHHe cnoco6oB KoHpoBaHHaA HH- 
opMalni, T. e. BbIDaxKeHnsa HEOOXOMHMBIX CBeeHHH B pa3- 
JIMUNBIX PUBHYECKHX acaBuTax H nepepolla 113 OHOro awda- 
BHTa B APyroH. Ciona oTHocatca BONPOCbl MOCTPOeCHHA Hau- 
Ooulee 3IKOHOMHBIX H CKATbIX ONTHMAJIbHbIX KOMOB, a TakoKe 
KOAOB C HCIOJb3OBaAHHEM H36bITOUHOCTH H OGMANAIOWINX BO3- 
MOXKHOCTAMH 3AM€TUTb H MONPaBUTb OLIMOKH, BOSHHKalolllHe 
OT IyMop (CaMOoKoppexkTupyrouleca KOAbI). Crona Ke OTHO- 
CATCA BOMPOChI ONTHMH3AUMH KaHaJIOB CBA3H HM MOMHOrO Hc- 
NOJb30BaHHA HX MpOMycKHOH cnoco6uoctHu. K TOMY Ke kKpyry 
npoOweM WpHHALWIexKat BONPOCbl CO3RaHHA YVBCTBHTeJIBHBIX 
YCTPOHCTB, perucTpupyioulNx coOLITHA H ONMCHIBaIOULAX UX 
B HEKOTOPOM auasute, T.e. m0 CYINeCTBY BbIMNOJIHAIOULHX 
3aayy KONMpOBaHHA HHPopMalmn. 

Bo-Btopbix,— 9TO MHOxeCTBO MpoOvIeM, CBA3QHHBIX c me- 
pepa6orkow uudopmauun: Kaccupukaunna wuHopManun 10 
NPH3HaKaM, BbIABMeHHE CBA3eH Me2KAY 3/IEMCHTAaMH HH(pOpMa- 
MMH, ONO3NaBaHHe KaCCOB HIM KOMMIeKCOB 3THX 9J1@MCHTOB, 
Pa3HYCHHeE OOpazos, coveTaHni, O6pasoBanne omepauHa mpe- 
O6pa30BanuA wan aJITOPHTMOB ‘TlepepaborKH HuudopMaray, 
OUCHKa PeC3yJIbTaTOB NepepaG6oTKH B° COOTBeTCTBHN c 34 aH- 
HBIMH KPATCPHAMH, BbIPAOOTKA WACTHBIX KPHTCPHeB 43 OOUIHX, 


393 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


o6pa30BaHHe ONTHMaIbHBIX peakUN, BbIPAaGoTKa ONTHMAaVJIb- 
HOH cTPpaTerHH MOBCACHHA, SAaNOMHINAilNe HHpopMalHH H OO- 
CHeOBaHHe TIaMATH 0 3afalHbIM TpPHsHakaM (accouna- 
ILH51M) . 

Ele oun Kpyr mpo6eM —— aHaJIu3 CTPyKTYPbl C ILCJIbIO 
BbISIB CHA e@ (DYHKIUMH, HCXOAA 3 CBOHCTB 3JICEMeHTOB CTPYK- 
TYPbI HW HX B3aHMOCBA3EH. 

Tlaace caleayet Godlee CsIOAKHDIH = KOMILTCKC mpoO.1eM — 
COZMaNHe CTPYKTYP, BbIMOTHAIOWLAX 3aTaHiytO (PYHKUHIO, Mpo- 
O6eMa MONCIMPOBaHHA KHOCPHETHYUECKHN CHCTEM, CO3TailHe 
SKOHOMMUUBIX CHCTCM H3 MasIOrO YHCJa IICMCHTOB, CO3AANHe 
HAMeKHO PaOOTAIOWNX CHCTCM H3 MaJlOlaACAKHDIA 9J1@MCHTOB, 
(pu3sHuCcKad pealuzalnA aTrOPHTMOB U3 34 RAHHbIX CTPYKTYP- 
HbIX JIC MCHTOB. 

VW, naxonen,— usyucuie coOcTBCHHOTO NOBCACIMA CHCTeM, 
CHAOKCHHbIX OOPATHbIMH CBAZHMM TOTO HH HHOrO BHAA, 
OSyucHHe, CAMOOPraHH3sallHsA, CAMOCTOATCBHDIE CTPYKTYPHBbIC 
H3MCHCHHS CHCTeMbI TO Mepe Hakorienia BuewnelH HudOp- 
MallHH. 

HecomMucuio, YTO H3YYCHHE YHOMSHYTHIX 3ACCb npodeM, 
paBHO KaK H MHOTHX APYFHXx, AODKNO A OyneT mpoTekaTb 
B mpotecce CO3MAHHA NOsIC3HBIX YCTPOHCTB. 

PasBHTHe TCXHUKH CHHTC3a KHOCpHeETHUCCKHX CucTCM ia 
ocHoBe MOOHAH3ALNH CBCIeHHH BCCX HaykK Od OOWHM Opra- 
HU3YIOWUM BAHANHCM MaTeMaTHKH Aacy yeOBCUCCTBY MOLL- 
Hblii H TOUMbIT pasyM, CBOOOMHDIM OT YCTOBCYECKHX c.1a60- 
crell, Macr MOHMMAaHHe CBOHCTB JINMHOCTH H KOJWICKTHBA, TO- 
SBOJIHT BbINBUTb H HCMOIb30BaTb Pe3EPBbI YEsOBCUCCKNN CIO 
ca6nocteli H B HTOre NOMNHMCT UeTOBeKa elle Ha OANY CTY- 
HCHb KYJIbTYPbI. 
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SARTIOVENHE 


OAHHM H3 HaHOoee MHTepecHbIX u IIPHBJIEK aTeJIbHBIX 
ACTEKTOB KHOePHETHKH SABJIACTCA, 10 HalIeMy MHeHUIO, BO3- 
MOAHOCTh NPHOMH3HTbCA K OOBACHEHHIO CYLLHOCTH YeNOBede- 
CKOrO CO3HAHHA WH MBIMJeHHA. JLo cux nop 6bl10 OYeHb TpyRHO 
NOMOHTH K STOMY OObACHEHHIO, HK BOKDYr CYULHOCTH CO3Ha- 
HMA He CMOJKatIH OypHble H OOuINpHbIe cnopp. Ham Her 
HYACIbI, Wa y Hac WH HET BO3MOXKHOCTH HAaNOMHHATD 37eCb 
MHOTOBEKOBYIO HCTOPHIO OopbObl usococKux Bos3speHuti 10 
HOBOAY MPHPOAbl CO3HaHHA. CaMa JWIATesIbHOCTh 3THX COpOB 
TOBOPHT 0 TOM, 4YTO B STOM BOMpOce cyllecTByIOT peaJIbHbIe 
Tpyauocru. B vem Ke OHH 3akIOUalOTCA? 

Benkoe OG DACHEHHE CCTb B KONCUHOM UTOre cReNe- 
HW HEH3BCCTHOrO K H3BeECTHOMY IlyTeM H3BeCTHLIX Onepaunii, 
HalpHMep, HyT€M CpaBHeHHa. OHako 0 HacTOsIero Bpe- 
MCHH He CyllecTBOBaJlO HHYerO, NMOXOGHOrO CO3HaHUIO, HHYerO 
faKOro, YTO MO3BOJINO Obl MPOBOAHTbh CpaBHeHHSA, 4TO MaBasio 
Obl HCOOXONNMbIe MOHATHS, TePMHHBL, O6pa3bl WIA ycTaHos- 
JCHHA CXOACTBA H Pa3JIHUHA, CJIOBOM, WIA OMpedeeHua u, 
CHCLOBATCNBHO, WId OObACHEHHA CO3HaHHa. Tlostomy cosHaHne 
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ABIATNOCh CLHHCTBCHHbIM B CBOeM pose (paKTOM, He MoO1a1w- 
WUMCA cpabuennio H OObaAcHeHHIO. Hemyapeno, uTo e Ai H- 
CTBENHHOCTHh 93TOrO ABJCHHA NPHBOAHJIa MHOTHX K OIWH- 
6ounoh MbiICIH O eTO TII@PBHUYHOCTH H HecBOARMOCTH 
K APYFuM, ahavlOrHyHbIM ABJICEHHAM. 


Tlocnenuee BpeMA CHTYaWHA TMOCTeNeHHO, HO PelIHTe/IbHO 
MeHsetcs. Chenaibl mepBble Ward M0 CO3aHHIO CHCTCM, KOTO- 
PbIE MOMJINPYIOT OTMebHbie Mpolleccbl BOCNPHATHA H o6pa- 
GoTKH HNMOPMALUH, BLIPAaOoTKH peakuMH. ByipaboTanbl OCHO- 
Bbl CHCTeMbl NOHSATHH, MO3BOAIOWULeEH MOCTaBHTb B OHH PAA 
HEKOTOPbIe NPOABICHHA UCOBeCYeECKOFO HHTCIeCKTa H padory 
HCKYCCTBCHHO CO3MAHHbIX cucteM. MogedHpoBaHwe «HHCTO He- 
nopeueckolis WeTebHOCTH MOKa 4TO UAeT ycnemHo. UesosBe- 
yecKOe CO3NaHHe, BO3MOXHO, MoTepser B OyAyHLeEM cBoe HC- 
KJIOUHTeILHOe MOJO%KeCHHe HM CTAHCT OLHHM H3 MHOFHX AB.1e- 
Hua, CBOHCTBeEHHDIX pa3/JIH4HDIM BUTaM ecTeCTBeHHO Hl 
HCKYCCTBEHHO OpraHH3soBaHHoH MarTepiH. Tloapurca 6O.IbINOe 
YUCIO pasHOOOpa3sHbIX CHTHAIbHbIX HVA KHOepHeTHYeCKAX 
MIpOWeCCOB B Pa3MHYHDIX PH3HYECKHX PeCaMsallNAX, PeSyJIbTAa- 
TH KOTOPLIX, a ObITb MOMKET, H CaMbI XOX, OYAYT SKBUBA- 
JICHTHBI Pe3y.lbTaTaM MbIMIWICHHA, a BO3MO2KHO, H npeB30l- 
LWT WX. 

Bellb H MpOMeccbl B CIO%KHOH MAUIHHe, H Mpouecchl B MO3- 
re CYTb JIMUIb pa3IHyHble H3NYeCKHe, CHTHAbHbIe  MPO- 
Weccbl, HecyliHe HHopManio AHOO OCBEAOMHTEIbHOTO, 1H60 
yipaBasiomlero xapaktepa. HM 1ogoOHo TOMY, Kak (bH3HO0- 
rHveckHe mpowecchl B MO3re He HCYePMbIBaIOT CYUIHOCTH 
MBILICHI, 37@KTpHYecKHH TOK B MallHHe He OObACHSET 
npouecca mepeBofa MalWHHOH MHOCTpaHHoro TeKCTa Ha Pyc- 
CKHH A3bIK. O6a npoliecca ABJAIOTCA CHISaIbHbIMY, ONH HE- 
cyT HHopMalHIo WH CHOCOOHH! NPOH3SBOAMTb neicTBua. Mmeun- 
HO B 3TOM CYULHOCTh H MBICJIH, H padoTl VApaBsMOULCH CH- 
CT@MbI, B 3TOM HX CAHHCTBO, B 9TOM HX OOMLHOCTH. 


Mp H1eM K OCBOOOKAcHHIO OT MeTHUIAZAWNH UCOBCHC: 
CKOTO «AYXxXa», <AYUIH>, HTEM K TOMY, YTOOB! NOHOCTDIO HIM 
MOKa XOTA Obl OTYACTH MOHSATb CYULHOCTb TCX MaTepHaJIbHbIA 
KHOeCPHETHYECKHX SABICHHH, KOTOPHIC coOHparTe.1bHO o603Ha- 
YeHbl 3THMH TepMHHaMH. WM korga uesloBeK CBONMH pyKaMi 
MOCTPOUT MAlIHHY, K TBOPYeCKHM HWeAM KOTOPOH OH CaM JOWI- 
*KeH OyseT OTHECTHCh C YBaKeHHeM, OH He CMOACT Oo.1pille 
MOMb3OBATbCA HI JIOKHbIM MOHATHEM, HH TCPMHHOM <1 Villa» 
WIM «MYX», KAK 4CM-TO, UTO CylNecTByeT BHe H NOMIHMO (bu3u- 
yveckoro Tela. OT HHX MIPHAeTCA OTKAa3aTbCA BCEM H OKOH*a- 
TeIbHO. Tak OYAYT, BO3MOXKHO, MpekpallleHbl CNOPbl O <AYTIC? 
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Yacto rosopsr no STOMY NOBOAY, 4uTo KHOepHeTUKa He 
TOJbKO «Pa3BeHYHBaeT» YeOBeYecKHit Pa3yM, HO H «NpHHH- 
*KadeT> €fO NOCTOMHCTBO. Takoe MuenHne NPpOTHBOpeyHnBoO, H 
C HHM Mbl He MOwKem corsiacuTbes. Uenopeueckuit pa3ymM npen- 
cTaBAAeT Cobo OrpoMHyto culy, OepAaBUIyIO HeEMavIO nobex 
B MO3H@HHH ABJICHHH HM 3aKOHOB mpupogn. UM camoit 3ameua- 
TCJIbHOK ero no6enon, HECOMHEHHO, ABHTCA NMO3HaHHe coocT- 
BeHHOH ero CYyIMHOCTH H cHub. B Pe3yJIbTaTe, He TOJIbKO 
MBIMIMbI YeOBeUeCTBa OYNYT HMeTb CHJIY aTOMHOro B3PbIBa, 
HO WM ero pa3syM MmpHoOperer Myapoctb Takoro Ke Macuta6a. 
Bpad JIM MOX%KHO Ha3blBatTb 3T0 «“IIPHHHKeHHEM NOCTOHHCTBAa» 
pasyMa. Begb sxckaBaTop He mpuHuxKaer AOCTOHHCTBAa YeJIO- 
Beka, OH EMY MOMOLaeT, 34MeHHCT ero H NOsROIAeT CMY 3aHH- 
MaTbCH MPyruM, Oowlee BaxKHBIM, YBJICKAT@JIbHBIM, TDYAHbIM 
HCJOBEYCCKHM MeJIOM, UCM KOTIaHHe 3eMJH. 

OwHako o6bacHeHHe cyutHocTH YeJIOBCYECKOFO CO3HAHHA 
WOKa ABAAeTCH MeOM Oymyulero, OyAYUIMMH IonaMu Tex 
TPY-OB, KOTOPBI€ Mbl MOJKHbI COBePIUTh Ha moe HaydHont 
MeAaTebHOcTH. CeroqHa MbI ropopuau 06 S3TOM, Kak O Tep- 
ciekTHBe. WM Muorve ceronqHA c HaMH He coracubl. Tlouemy? 
Korga Beneutp Oecely C JOAbMH pa3HBIX CKaq0B yMa, pas- 
HbIX TEMMCDaMCHTOB, Pa3IMUHOrO BOCHUTAaHUA CIeILH aJIbHO- 
cTeH NO MOBOAY nepcnektusB x BO3MOMHOCTCH KHOePHETHEH, 
TO MPHXOAHTCA BEICYMHBaTb He TOJbKO ‘MHOFO MOMOKUTeTb- 
HbIX, HO H H€KOTOPOe KOWHYeCTBO OTPHMAaTeAbHBIX Cy AeHHH. 
IlonaBisioulaa wacrs BO3PaxKeHHH, KOTOPble HHOrda Mpuxo- 
AMTCA CuIBIMIATb, CBORMTCA K OMHOMY YTBEPKAeHHW, KOTOPOe 
BcerMa BbICKa3bIBaeTCA C KPpalHeh y6exmeuHoctThIO y ‘PCuIH- 
TEJIBHOCTbIO H 6€3 KaKHX-1H60 NOMNBITOK apryMeHTalun. Oro 
YTBEPXKACHHE CBOAHTCA K TOMY, YTO «MalUMHa He CMOXKET 3a- 
MCHHTb YeOBeKa MOTOMY, YTO OHA MallMHa» HM Ke «IOTOMY, 
4TO YeOBeK — He MaulHHal» Tlon06Ho OTCTaBHOMy Boficxa 
ALoHcKoro nopyauKy Cemu-Bywtatosy us cena B.nubl-Crezexbi 
(A. TI. Uexos «TMucpmo YHYe€HOMY coceay»), HeKOTOpbIe roTOBBI 
YTBepRMATh, YTO KITOTO HE MOKeT ONTE NOTOMY, 
YTO 3TOTO H@ MOXKeT O6nTDH HHKOTP a>, a HHOra 
H MeCHCTBUTeIbHO MPOH3HOCAT HeUTO noqoOuoe H pw Tom 
C HeMCHbUIeli yOexKeHHOCTbIO, YeM YexoRcKHT repo. Ora 
y6ex%K 2eHHOCTH, NO-BHAHMOMY, He CwlyuaHva Hw uMeeT  cRoH 
NPHYHHBI, KOTOPble BaxKHO 3HaTb, TAK Kak NOPpOH OHM TipuBo- 
AAT K MayeBHBIM TocencTBHAM. JlocraTouHO BCNOMHUTE co- 
ACPRKaHHe KPHTHYeCKHX crTaTell, KoTopble p 1951—]1959 Pr. 
MHcaMCb MpPOTHB KHOepHeTHKH. Bce on pa3mesior muenne 
i NOAb3yloTcA «apryMentanHeli» Cemu-Bynatopa. Ho x pe- 
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3y1bTaTe TaKOll <KPHTUKH> Mb Halavil 3aHIMatTbea KnOep- 
NeTUKOl C OMO3RaNHeM H HeceM OT STOFO CePO,/ATs BA MCTHIH 
ypoll. 


Uew Ke OODACHAeTCA (XOTb H HE onpaBLiBaetes) T1y6o- 
Koe YOOKACHHC MHOFHX B TOM, UTO «Malia HC MOAKCT AC1aTh 
Beero, uTo selaeT uetoBek»>? Tlowemy HekOTOpbIM “140 151M 
ONNO3Ha CaMa Hed OODCKTHBHOCTH H 3akONOMCPHOCTH AB.1C- 
HHH, CBA3ZANHbIX C YeOBeYeCKHM  MbIMLWICHHCM, CO3HaHHeM, 
BOvIeH? 

TIpexjae Bcero, STOMY cnocoocTByeT TO, UTO NOMCosNa- 
TCMbHaAA JCATeIbHOCTh MO3ra HecpaBNel to o6iuupHee co3iHa- 
TempHol. Uesmopek, eCIH MOXKHO TAK CKA3aTb, SHACT O cede 
TOJbKO TY YaACTb, KOTOPYIO CO3HAaeT, a 9TO ONCHD Ma.l0- B ero 
NaMATH, BUC COSHAHHA, XpaHHTcH TOpas7O Go.1pule. [losTOMy 
MIOTHe MbICIHTCbHbIC AaKTb! MpewcTaBAAIOTCH CMy CYBEPCIl 
HbIMH, H3Ha4abHbIMM, HHYEM He OOYCOBACHHDIMH. Orciona 
HJLTIO3HA CBOOOALI BOTH HW (PeTHUIMS alia 3TOH CBOOOADI. 

Kpome Toro, MpH3sHaHwio «MAaINHINOCTH®, NDHUNTHOH 00- 
YCIOBACHHOCTH MBICIH MeIHaloT HICTHHKTEL 1, B HCDBY!IO O4e- 
DeAb, OLHH H3 CaMBIX CHJIBHBIX — HHCTHEKT CAaMOCOXPalICHHA, 
KOTOPOMY Mbl OOM3aHbI B 3HAYHTeAbHOH Mcpe BbUKUBaHHEeM 
6uosoruueckoro BHAA. Tloncosnateibibit cTpax CMCPpTH, ApH 
CYTCTBYIOWWNH B 27KHBOM OpraHI3Me, Hilorda Tle NO3BO.1ACT He- 
KOTOPDIM JHO.J9IM OXOTHO MPH3HaTb (bakTbl, KOTOPbIe NPHBOAAT 
K 3AKOUCHHIO O HensOcKHOCTH POC. NO60rO HUAMBHAYYMe 
Hapaay Cc paspylieHHeM BCAKOH CYWLeCTBYIOIeH  MaLIMHbl. 
Ipusuanue xoTst Obl oTHaenHOrO poACTBa MOHKDY €KHBbIM» 
H KMCDTBDIM> pa3spyllaeT MOACOSHATE.bHYIO BEPY B HCKSHOUH- 
TCbHOCTh YcoReYyecKorO CcyllecTROBAHHA, Hagewkty Ha TO, 
UTO UCsIOBEK OOaRacT OCOGbIMH CBOHCTBAMH H ocoOblMH m1pa- 
BaMH Ha OcccMepTHe B TOTt HIM HHOH (paiTactuyeckoH PopMe. 
Bepa B 6cccMepTHylo Aylly, KOpeHAMlaacd B HHCTHHKTe CaMo- 
coxpaHenus, HHorga OpiBaeT 3anpaTada rayOoko B MOACO3- 
HaHHH, HO H TOrfa OHA ABAACTCH cyapel u 3aKOHOLATCCM 
CWKICHHH, 3acCTaBAd He MPHHHMaTb CYIKACHHE, HCMUPHATHBIX 
c 3rof Touxu 3penus. Muorga ata Bepa MpOMBAACTCA B oco- 
3HANHBIX PCJIHTHO3HBIX BO33PCHHAX, BCTYMAaA B KOH(DIHKT 
c (bakTaMH H CYLUCCTBYA, HECMOTPA Ha ABHEIC MpOTHBOPCUHA 
c uuu. Uem MeHbule YeOBCK 3HaeT HaydAblx (akTOB WH YeM 
CHAbHCe B HCM WHCTHEKTB, TeM Oodice NOABCPACH OH NOT 
CO3SHATCJIbHbIM HIICTHHKTHBHBIM WpedpaccyAkaM. 


TIpu3nanue (akTOB, MPHHATHE K PYKOBOACTBY OCHOBAHIMBLIX 
Ha (akTax HayuHblx cBpeleHult, TpeOyeT OT YeNOBeCKa HEKOTO- 
poro BHYTpeHHero CaMOOTpeyeHHA, TOOeAbL Hay, COOCTBeHHEI- 
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MH ADC€BHUMH XKHBOTHDIMH HHCTHHKTAMH, 3aMCHbI NOACO3Ha- 
TCIBHBIX KPHT€PHEB OMCHKH CYKACHHH Pa3yMHbIMH — yHcTO 
TeNOBeHeECKHMH. He Beakomy ato yAaeTcH B OUHAKOBOH cTe- 
NeH UH, 

Korga CJIbiUMIUIb YTBCpAMeCHHA O€3 HayuHo, T. c. ocHo- 
BaHHOM Ha (akTax uw OruKe apTyYMeCHTalHn, yOenKReCHUA 603 
HX Pa3yMHOTO MOATBEPKACHHA, HeEBObHO MPUXOTHUIb K BbI- 
BOHY O TOM, YTO Befeulb Geceny c JOTMATHKOM, PykoBo- 
CTBYIOWLHMCA B CBOHX CY MeHHAX MpexyOexKAeHHAMH WH mper- 
NOUHTAOULMM HHTYHTHBHY!O YBepeHHocTh Pa3yMHbIM, HayuHDbIN 
OK A3aTeJIBCTBAM. 

Heyto mono6Hoe wMmegno MecTO B Te BpeMeHa, KOria 
Yapab3 Jlappun noxasan HECOMHCHHOe OHOWOrMyecKoe pow: 
CTBO YeOBeKa H HH3WIHX %KMBOTHBIX. Uneg POACTBA 4C.1OBeKa 
C MPHMaTaMH BOUWIa Torga vy MHOTHX COBPCMCHHHKOB JTapai- 
Ha B KOH@JIMKT C TOM 2Ke MHCTHHKTHBHOY BePOH B HCKINOUI- 
TCJIbBHOCTb YeJOBeKa Kak BUA U KaK HHUHBHAyyMa. Mxorg 
CETOHHA Y2KE HHKTO HE MOXKET YCOMHUTHCA| B CXOACTBe pa3- 
JIIMHBIX OXOJOTHYECKHX BULB, JlapBuHy B cBoe Bpema Np Wt- 
1OCb ‘BBICYINaTb HEMaJIO Cy AeHHH TOTO Ke XapakTepa, Ka- 
KHC MO-KHO YCJIbIINaTb NOpoH B Halli HH NO TOBONY Hen 06 
qHaJIOTHAX MAK ILY MBICIMTeJIBHOH CHrHaEHos; AE ATCJIBHOCTbIO 
*KHBOPO MO3ra HM CHTHAJIbHBIMH MpoueccaMH B Malte. 

HelicTButempiyio HCKJOUMTeJIBHOCTL WesIOBeK CYMeeT co- 
XpaHHTb 3a COOOH Bcerga, axe u B Te BpeMeHa, Korga Ma- 
WHHbI OyyT He TOKO pabotatTb PWSHYeCKH, HO HW AYMaTb 3a 
YeOBeKa. Ora ACKMOUNTebHOCTE BbIPa3BHTCH B TOM, 4TO 4e- 
“IOBCK CYME€CT OCTATLCH Ha BEPLUIMHe PyKOBOLCTBA BCeMII VIipap- 
JIAIOTMHMH CHCTeMaMH, Kak MpMposHBIMH, KOTOPHbIe ON HayuT 1 
KOTOPBIMH OBMAXeeT, TAK H HCKYCCTBEHHO CO31aHHBIME HM Ca- 
MHM. ENuHCTBEHHBIM OOILHM KPHTe€PHeEM KayecTBa ‘paboTDI 
CHCTCMBI YMHbIX PpOOoToB 6yzeT MpaBubHyo NOHATAA MO1b3a, 
NPHHOCHMaA YeIOBeYeCKOMY o6mmectBy. HM poéotn MIpHAYT 
HdM Ha NOMOWb TeM cKOpee, eM paHbiie MpI CyYMeeM OcBO- 
OOMHTLCA OT rocnogcTBa NpeApaccyAKOB, YEM CKOpee MEI TIpH- 
3HaeM Y3bI Haulero «poscTBa» c poboraMn. 

He uck.tiovena BO3MOKHOCTb, 4TO 9TO PONCTBO MOET OKa- 
3aTbCH OOvlee O.1M3KHM, 4eM Mb! CerO2HA B COCTOSHHH NpH- 
3HaTb. M3yueune CaMOOPraHH3YIOWHXCA CHCTeM, @1Ba TONbKI 
HavaTOe CeroqHA, MOMKET TpHBecTH K Pe3ybTaTaM CORepuicH- 
HO H€OKWAAHHBIM, IIPCOBANeTh KOTOpBIE NONpocty HeBo3- 
MOKHO, 
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B KHHre H3aralOTCH OCHOBHBI€ MOVIORKeHHA TeEOPHH CcTa- 
THCTHYeCKOrO H3YYeHHA B3aHMOCBA3eH MeKTY BeIMYHHAaMH, 
HCNOb3yeMbHle JIA HaydHok OGpa6o1KH ONHITHBIX 4U OT- 
YeTHBIX JAHHEIX MpeANPHATHH, ITH MOIOMKeHHA HAIOCTPH- 
PpylOoTCA NIpHMepaMu H 3aa¥aMH H3 MpakKTHKH MallIHHO- 
CTPOHTe€JIbHOTO, MeTadIypruyeckoro H ApyrHxX MNpons3- 
BOJLCTB. 

M3noxenuble B KHHTe MeTOABI HM@IOT LlebIO MOMOUb 
H3y4eHHIO 3aKOHOMEPHOCTeH MpOH3BOACTBEHHBIX MpOlweccoB 
H B pase cayyaeB MOryT CHOCO6CTBOBaTh COKpallleHHio 
3aTpaT Ha JOPOrocTOAUIne CheWHasbHble UCCeROBAHHA. 

Kuura paccuvTaHa Ha HH KeHeEPHO-TeXHHYeCKHX pa6orT- 
HHKOB, S3KOHOMHCTOB, MpenogaBaTeteH BY30B H MOXKeT 
ObITb HCMOb30BaHa B KavecTBe y4eOHOTO NOCOOHA TO Ma: 
T@EMATHYeCKOH CTATHCTHKe. 
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rIPEDTUCJIOBHE 


Teopua koppeaisuuu ABJIAeTCA OLHUM M3 NCHTPaJIbHEIX Pa3szejos. 
MaTeMaTHYeCKOH CTATHCTHKH, B. KOTOPOM PaCCMATPHBAaIOTCH MeTOIBI. 
CTATHCTHYECKOrO H3YYeHHA B3aHMOCBA3eH MeXxKy BeMYMHAaMH, TIpu- 
MCHEHHE METONOB MAaTe€MATHYeCKOM CTATHCTHKH, B.4YACTHOCTH MeTO- 
| AOB KOPPeJIAUMH, MPH PeleHHH Pa3JIMYHbIX HHKeHEPHO-TeXHHYeCKHX. 
H SKOHOMHYECKHX BOMPOCOB MpOW3BOACTBa MpHoOOperaer BaxkHoe 3Ha- 
WeHHe B CBA3H C PasBHTHeM HOBO TeXHHKH, @BTOMATH3allMeH Npon3- 
BOACTBCHHBIX MPOUeCCOB M NOBBILUEHHeM TpeOopaHHit K KauyecTBY 
HHKEHEPHEIX pacueTOB, OAHaKO WIMpoKOMy pacnpocrpaHeHuio MeTO- 
AOB KOPpe/IHIMH MpenATCTByeT HeEMOCTATOUHOeR 3HAKOMCTBO c HHMH 
HallHxX MH*KCHEPHO-TEXMHYCCKHX H SKOHOMMYECKHX KafPOB, TO B 
3HAYHTEMbHOH CTeIMeHH CBA3AHO C OTCYTCTBHeM y4e6HO! JIMTepaTyphl, 
THe M3OKEHHE STHX METOROB OHIO Obl AOCTATOUHO 9s1eMeHTAapHbIM 
H CBA3aHHBIM C MpaKTHKOH HX MpHMeHeHHA. | 

_B HacTosmesd KHure M3laraioTca Teopus x MpakTHKa NpHMeHE- | 
HHA MeTOZOB KOPpeALMM K aHalM3y npowsBomcTBa. M3naraemnie 
B KHHre METO{bI MOFyT ObITh HCNOAb3OBaHH! AAS HayyHOw oOpa-— 
GOTKH ONbITHBIX H OTUCTHHIX JaHHbIX, nOJlydaeMbIX B Apollecce npo- 
HSBOACTRA, HTO NO3BOJINT MOJHee H3y4aTb 3aKOHOMePHOCTH Mpons- 
BOACTBCHHBIX MpOueccoB WH B pale Cly4aeB COKPaTHTb 3aTpaTHI Ha 
MPOBCHEHHE § CNeMH@JIbHLIX MOPOTOCTOAMUX .SKCIEPHMEHTAJIbHIX . 
HCCJleQOBaHHH. , 

ABTOp cTpeMuica ceaTb KHHTY M@KCHM@JIbHO AOCTYNHOH IA 
HEXKeCHEPOB H SKOHOMHCTOB MPOMBINWICHHOCTH. ITHM Ha3sHaueHHem 
KHHTH ONpewelAeTCA ee MOCTpoeHHe M XapakTep usmOKeHUA. 

Maremaruueckuii ammapat, vcnomp3yemMpli B KHHTe, ABJIAeTCH 
BIOVIHE SJICMCHTAaPHBIM H ONMMpaercA Ha OCHOBHbIe cBeseHuE: H3 BTY- 
SOBCKOrO =KypCa BbICWIeH MaTeMaTHKH. TeoperuuecKku MmatTepuaa 
HJJUOCTPUpyeTca OObIUHM KOJIMYeCTBOM MPHMepoB u 3ama4, cocTaB- 
JICHHEIX MO MaTepHadaM 3aBOZCKOH NMpakTuKH WH UCCeMOBATeJbCKHX 
pa6or. 

Kuura COCTOHT H3 YeThIPEX Pa3NeJOB. 

Tleppni pasqen comepxKuT NOZTOTOBHTeIbEbIit MaTepHaJl H3 Ma- 
TEMATHYCCKOH CTATHCTHKH, HEOOXOAUMBI WIA MOHHMAHUA IlGHTpaJib- 
HOrO pa3qela KHHIH — TeOpHH KOpperslunN. On HanucaH Han6oulec 
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QJIeEMeHTaPHO HW He MpeANosaraeT y UATATeA HHKAKHX NPCABAPHTCb- 
HbIX CBEMCHHH MO STOMY NMpeAMety. 

Bropol pa3qes MOcBAlleH OCHOBaM TeOPHH KOPppClAMHH. Marte- 
pHa B HeM H3/lOxKeH B OGbeMe, HeOOXOAMMOM JIA pelweHHs 
MpakTHYeCKHX 3asay MpOMSBOACTBA. 

TpeTuii pase, MOCBALeHHDIM OWMOKAM CTaTHCTHYCCKUX TOKa- 
gaTeell, UMeeT B JAHHOM KHMre BCMOMOraTedbHoe 3HaueHHe. B Hem 
MpHBeseHbI 6C3 MaTeMATHUCCKHX BbIBOMOB CPOPMYAbI WIA OWCHKH NO- 
rpelHOcTeHl OCHOBHBIX NOKa3aTeleH KOpPpeJIAWMOHHOTO = aHaJIlsa. 
OnHako aBTOP CYHTAa HeEOOXOAHMbIM Oovlee NOAPOOHO OCTAHOBHTbCA 
Ha NPHHUHMvaJIbHbIX OCHOBAHHAX TaKHX OWCHOK H B CBASH C STHM 
Ha HEKOTOPBIX MOHATHAX TCOPHH BEPOATHOCTeH, UTO BaXKHO Kak AAA 
CO3HATebHOFO HCMOMb3OBAHHA YKa3aHHbIX POPMyI MH yyeTa PeaJb- 
HbIX YCJIOBHH, IPH KOTOPbIX HX MpHMeHeHHe ONpaBAaHO, Tak H Avid 
6omee TOUHOFO YACHeHHA OCHOBHDIX NOMOKeCHHH TeOPHH KOppe- 
JISILHH. | | 

B yerpepTom pa3fleme WaHbl HeKOTOpble HallpaBJIeHHA HCMOTb30- 
BaHHA MeTOJOB TeEOPHH KOppemAHH Ha MponsbosctBe. []puBexeHHble 
B pa3here MpvMepbl HMCIOT XapakTep KOMIJICKCHBIX HcclelOBaHH 
B OTHE OT PALA IPHMepoOB, MPHBOAMMBIX B APyrux paswedax KHH- 
ri H MpesHa3HaYeHHbIX JIA WJIIOCTpalun OTJCJIbHbIX BOMPOCOB TCO- 
puu. PasyMeetca, MpescTaBJIeHHble HallpaBeHuA HU B KakoH Mepe 
He MIpeTeHAYIOT Ha Kakyl0-1H60 NOMHOTY OXBaTa, HX Hao paccMarT- 
PHBaTb JIMUIb Kak TepBble Warn Ha MYTH K IWHPOKOMYy BHeApenlito 
MeTONOB TCOPHH KOPPeJALHH B MPOH3BOACTBEHHbIe HCCeOBAaHUA. 

B npunoxKeHHun Wav pad Tabu, COsepxKallux NepBOHAdaJIbHble 
OMBbITHbIG WaHHble, MO KOTOPbIM YHTATeIb CMOXKET CAMOCTONTCJIbHO 
BOCIIPOH3BeCTH pacueThl, MpHBeeHHbIe B KHHTE. Tlauuble 9THx TaO- 
JIM, MOTyT ObITb Tak*Ke HCNOMb3OBaHbI TWA MPOBeAeCHNA MpaKTie- 
CKUX HW Wa6opaTOpHbIx paOoT mpu NpenosaBaHun Kypca. 

B ocHoBy KHHIH JI€PIH JICKUMH, UMTaHHble ABTOPOM Ha MPOTAKe- 
HUH psa JleT B BBICIIMX TeXHMYCCKHX WH IKOHOMHYECKHX yucOHBIx 
3aBeNCHHAX, H PaOOTHI, BLINOHeHHbIe Mp ero yYacTHM WA NPOMbILI- 
neunoctu. BbWIin HCMOsb3OBaHbI TAaKKe yyeOHbie MOcoOHA aBTopa, BBI- 
MylleHHble palee oOfpaHMueHHbIM THpaxKoM Ha MpaBax PYKOMHCH. 
«Teopua Koppensuuu», MAH, 1948 u «BrezeHve B TeopHio CTAaTH- 
crux. Pann pacnperenenia», MAN, 1947. 

Bowbwoli TpyA 10 MOATOTOBKe PYKOMMCH K H3LaHHlO, NPOBeACHHIO 
H MIpoBepKe BCeX paCcueTHDIX H rpadbHuecKHx paOoT B3ata Ha ce6a 
uno. P. B. Karkopa, KoTopoi aBTop MpunocutT rryOoKyt0 6narofap- 
HOCTb. : . 
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PASMEMI |... 
P A Jl bl PACHPEAEJIEHNA 





B MaTeMaTH¥eCKOH CTaTHCTHKe paCCM@TPHBalWTCA MHOMKeEcTBA 
€JHHHIL OJHOTO H TOFO %Ke BUa, Ha3bIBAeMble CTATUCTUNECKUMU 
COBOKYNHOCTAMU, DTO MOTYT ObITb COBOKYNMHOCTH MeTaJeH OAHOrO H 
TOro 2Ke HaHMeHOBAHHA, NOABeprarollvecA OMHOMY Hu TOMY Ke Mpo- 
leccy O6pa6oTKH, COBOKYINHOCTH CTaHKOB OAHOTO H TOrO Ke Bua. 
COBOKYIMHOCTH paGounx OJHOH HW TOM Ke CMe{MaJIbHOCTH H T. JL. 

OTyebHbIe CMHUIUbI, BXOJAULHe B COCTAB COBOKYNHOCTH, Ha3bl- 
BaIOTCA ee 3/1emMeHTaMLU. UncsIO BCeX 3JIEMCHTOB Ha3blBaeTcA OODEMOM 
cosokynHocTu. Kaxkyblii 3JICEMeHT xXapakTepH3yeTcAH PAOM CBOHCTB 
HH npu3HaKO6, TO KOTOPbIM 3JIEMeHTbI COBOKYMHOCTH OOHapyKuBa- 
OT AHchepcHiO — BapbHpywT. 

Jlucnepcueti, sapuayueti, u3meH4uusocTeio UAn KOAeOAeMOCTHIO 
ha3bIBae€TCA CNOCO6HOCTh MPpH3HaKOB BHAOH3MeHATbCA MOA BJIHAHHEM 

- 6OIbIIOTO §+KOJIMYeCTBa pa3JIMYHbIX TpHuHH wu ycOBHH. Pa3smep, 
BeC, MPOYHOCTb, UYHMCTOTAa MOBepxXHOCTH OOpaOaTbiBaeMbix eTaJeH, 
TOUHOCTh pa6oTbl CTaHKOB, BbIPaGOTKa, KBaHPUKAaWNA, cTaxK paoo- 
YHX CJLYKAT IPHMepaMu BapbupyiowHx MpH3Hakos. 

OTJeIbHble 3HaYeHHA WIM BHAOM3MeHeHHA TIpH3Haka Ha3bIBaloTCA 
ero eapuanramu, Ilo xapakTepy CBOHX BapHaHTOB IIpH3HakH WeJATCA 
Ha KOAUYECTBENNbIE, BbIPAKeHHbIe YHMCMAMH, H ATpUoYTUBHELe, KO- 
TOpble UHCIaMM He BbiparKaioTca. Tak, pa3Mep, BeC, MPOUHOCTh sAB- 
JIAIOTCH KOJIMUECTBEHHBIMH MpH3HakaMH, BHeIUHHH BHA, OTMeIKa, 
HalHuve WIM OTCYTCTBHe Je@eKTOB — aTpHOYTHBHbIMH. 


QICMeHTbI CTaTHCTHYeCKOM COBOKYNHOCTH KAaccud@uyupyrorcn 
WIM epynnupyroTcn TO BapHaHTaM IIPH3HaKoOB, UW WIA KaKON KJac- 
CHPHKAaUHOHHOH Fpylmbl MOACUMTHIBAeTCA UHCJIO 3/IEMeHTOB, WI 
uacroTa. TIpH MOMOLIM YaCTOT PaCCUNTHIBAIOTCA Pa3sJIHYHble O60bwa- 
roujue TloKa3aTeJIH CTATHCTHYeCKOrTO MaTepHaJla — OTHOCHTEVJIbHEbIe, 
cpeqHHe H Apyrue BeJIHUHHbI (QOIn Opaka, cpeqHHu pa3mep jeTa- 
lei UT. 11.), KOTOPbIe BbIPaKAalOT ONPeReJICHHbIe COOTHOIWCHHA HJM 
MpOMOpunv, CKabIBaIOlWecA B H3MCHYHBOCTH BapbupyIOUlNx MpH3- 
HaKOB H XapaKTepH3yIOllve H3y¥aeMy!O COBOKYMHOCTD. 

TIpu yBeqwyeHHu uwicia HaOsmoseHHh O6oOmlaloliHe noKa3saTeu 
CTAHOBATCA 6OJlee TOUNbIMH: OHH NO3BOJIAIOT OOHAPYXKHTb Te WH 
HHbIe MPaBHJIbHOCTH, 3€KOHOMePHOCTH, CBOHCTBeHHble paccMaTpHBa- 


: | 
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CMbIM SABJICHHAM, KOTOPbIC HE 3AMeTHbI Mp pacCMOTPeHHH OTJG@Ib- 
NbIX CJIydaeB WIM NpH MaJIOM UnCIe HaOwOReHHH. B sTomM npoaBa- 
CTCH JeHCTBHe SakoHa Oonouux uucea. Ecau, HaliplimMep, pu TeKky- 
l@M KOHTPOIe KayeCTBA MpOAYKUMK NMpovssperzello 2—3 3amepa 
HSTOTOBJIACMbIX Ha CTaHKe H3AecIuH WM NOyueliad cpeqiad 6.1N3KA 
K TpeOyeMOMY pasMepy, TO 3TO elie He O3HauacT, YTO CraHOK Jipa- 
PILIbHO HadlaxKeH, TAK MKC KAK HW OTKJIONeHHe Tako cpewHeli OT TPe- 
OyeMoro pa3sMepa He TOBOpHIO Obl elite O MpOTHBOTO02%*xHOM, Ho 
UCJIH CPCAUAA H3 HECKOJIbBKHX JICCATKOB HJIH COT H3MepeHHit MaJIo OT- 
KIOHACTCH OT TpeOyeMoro Pa3sMepa, TO 3TO yxKe ABIAeTCA MOKasza- 
TOICM MpaBHJIbHOCTH HaCTPOHKH. Ecit BbIHOCJIMBOCTb CTaIu MapKH A 
BbUUC, YeM Mapkit B, wm CONpoTHBecHHe Ha pa3pblB y cTan MapKku A 
TAKMKE PbULe, TO ITO elle HE CBHJLETCJIBCTBYeT O 3€KOHOMePHOK CBA3H 
MOKY TEM H JPyrumM MoKasateviem. Ho ecu mpu comocTaBleHun He- 
CKOJbBKUX JE€CHTKOB MApOK TOUTH BO: BCeX CJydaaX OOGHAPyXKHBaeTCA 
TaKOe 2KC COOTHOIICHHe, TO 9TO yKe OyleT NOKA3bIBaTb HaMuHeE 
ONPCRCICHHOH 3aKkONOMepHOcTH. | 

Ilo onpegeentio axa. A. H. Kowmoropopa, 3aKoHOM G6OJIbIIHX 
(HCC Cue XVeT WaSblBaThb OOLLUH IIPHAWHN, B CHJIY KOTOPOrO COBO- 
Kynwoe WelcTBue OoIbUIoro ucla cwIydaHHbIxX MakTOpOB NpPHBOUT 
HPH HCKOTOPbIX BeCbMa OOULUX YCJIOBHAX K pe3yJIbTaTY, NouTH He 
3aBUCAIeMy OT clyuas!. 

Teopiia 3aKona OOIbUINX YUCe CAYXKMT OCHOBO! JWIA OUCHOK Ha- 
A@2KHOCTH BbIBOLOB H 3aKJUOUeHHH, MOuTyuaeMbIX IPH MOMOLLH MeTo- 
AOB MaTeCMaTHUeCKOH CTAaTHCTHKH WH, B YAaCTHOCTH, MeTOAOB Koppe- 
STHIH, 


1 Bonbutaa Copetckan SDewnkmonenqun, 2-e u3g., T. 5, <boabwHx uncea 3a- 
KOED, 
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rHABAI 


MOCTPOEHHE HW FPA®HYECKOE H30BPA)KEHHE 
PATIOB PACHPENEJEHHSA 


§ 1. MOCTPOEHHE PAOB PACIPENEJIEHHA 


B HacTOALLeM pa3feie H3laraloTCd NPHeMbI W3ydeHHA HSMeHYH- 
BOCTH 3JICEMeHTOB CTAaTHCTHYeCKOH COBOKYIMHOCTH MO OTAeCJIbHO B3A- 
TOMY BapbHpyIOlieMy NpH3Haky. | 

VisnomwenHe Mbl HavyHeM C MPHMepoB cTraTHCTHYeCCKOl OLeHKil 
KauecTBa NpoAyKUAH. | 

Bonpocht ylyuuieHua KayecTBa MpOAyKUHH CTOAT B WeHTpe BHH- 
MaHHA Halle MpombluimeHHocTH. IIpeampuatue, BbinycKaad MNpOyK- 
UHiO TOTO WH HHOTO Bua, O6f3aHO CTporo COO AaTb YCTAaHOBJICH- 
Hbie cTaHMapThl ee KauectBa. Jia STOH WetH OTAeNaMH TexHHUe- 
CKOrO KOHTPOJIH HM B 3aBORCKHX JMabopaTOpHAX MPOM3BOAATCA 
HCIbITAHHA BaxKHeHUIMX MeXAHHUeCKHX, PUSHYECKHX H XHMHUYECKHX 
cBolicTB (MpH3HakoB) MpoOyKUMH. OTH MpH3HaKH ABIAIOTCH, Kak 
IpaBHJO, MpH3HakaMH BapbHPylOUlHMH, H, CleAOBATeIbHO, HX 3Ha- 
UeHHA MOTyT ObITh HCOMHHAKOBLIMH JIA pasIHUHbIX OOpasiioB Npo- 
AYKUMM OfHOTO Bua. Tpe6yeTca Ooubiioe KOMMYeCTBO TaKHX HCIIbI- 
TaHHH JIA Toro, UTOOHI COCTaBUTb ceOe NpescTaBseHHe O KauyecTBe 
jlaHHoro Bua MpOAyKUHH. 

IIpumep 1. IIpu o6pa6oTKe 6omToB Ha MHOPOlHHebHOM 
aBTOMaTe Tpe6OBaOCb MOyYMTh pasMep AHametpa 11,5-%?4. Bpr- 
“IH TIpopeyeHbl gamMepbt 190 AeTael. PesyabTaTbl 3aMepoB MPHBO- 
Jatca B Ta6a. 1. 

UroOnt pasoOpaTbca B MOMyYeHHOM MaTepHavie U CemaTb HeOO- 
XOJLMMbIe BbIBOLE, Wanubie Ta6l. 1 omKHEI ObITb Npexze Bcero 
MpHBeMeHbI B MOPAXOK, CHCTeEMaTH3HPOBaHb. OTOM We CAYKUT 
Ta61. 2, B KOTOPOH NepeywnceHbI NO NOpAaKy 3HaveHHA AMameTpa 
H yKa3aHbl YHCa NOBTOpeHHA KaxAoro 3HayeHuA (cToNOub 1 x 2 
Ta6l. 2). | 

Tlono6Haa Ta6muua Ha3sbipaeTcA payOM pacnpegeteHHa 190 j7e- 
TasleH 10 pa3sMepy AHaMmeTpa. 
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Tabauya | 
/[aHHbie O pa3mMepax AHaMeTpa 190 neTanel 
(B MA) 





11,34 | 11,42 ; 11,40 | 11,38 | 11,42 | 11,38 | 11,44 | 11,44 | 11,38 
38 40) 42 36 40 40 

















40 44 44 
38 4 38 44 38 46 34 38 | 40 
38 38 38 44 42 44 38 34 38 
34 40 36 44 48 40 40 40 35 
32 42 34 46 38 46 38 42 42 
34 36 38 34 36 38 A() 32 36 
38 42 42 38 32 36 30 38 40 
36 4() A4 42 36 40 34 38 40 
34 34 36 36 40 42 38 36 42 
42 36 42 40 42 40 34 34 40 
36 42 40 44 40 40 40 32 34 
36 42 32 38 46 40 46 32 42 
42 44 40 38 36 42 38 38 38 
36 32 44 36 38 40 42 36 
40 34 40 40 40 4. 42 36 
38 42 34 36 42 42 32 38 
44 44 36 40 40 38 40 38 
42 40 42 40 40 36 | 49 38 
36 42 34 42 38 40 40 36 
40 49 44 42 44 40 40 36 
34 42 42 44 46 38 AV) 34 
Tabauya 2 
Pacnpenenenne 190 netaneH 6Gonta no pasmepy 
AHaMetpa 
St are re OE eRe 
Bapuanthi AOcOnIOTHBIE OTHOCHTeAbHbIE 
yacTOTbI 4aCTOTbI 
(B MM) (uncaO getaneit) | (B npoueHtax) 
11,30 1 0,53 
11,32 8 4,21 
11,34 17 8,95 
11,36 26 13,68 
11,38 36 18,95 
11,40 44 23,16 
11,42 34 17,89 
11,44 17 | 8,95 
11,46 6 3,15 
11,48 l 0,53 
| | 
| 100,00 


Htroro i] 190 | 
Mtak, pados pacnpedeaenun Ha3eieaercn TabAuya, 6 KOTOpOti 
nepexucAexbl no nopsOKY BapuaNTol NPU3ZHaKA U YKa3aHbL WuCAa 
nNOBTOPeHUt Ka9CO020 BAPUAHTA. 
YncO NOBTOPeHHH BapHaHTa Ha3bIBaeTCA ero AOCONMOTHOL 4aAc- 
Trorot. CyMMa BCeX YacTOT paBHa, O“eBHAHO, OObeMy COBOKYNHOCTH. 
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Oruowenve aG6couOTHOH 4YaCTOTbI K OObEMY COBOKYNHOCTH Ha3biBa- 
eTCA OTHOCUTeAbHOL “acTOTOU. OTHOCHTeJIbHbIe YaACTOTbI MOTYT BbIpa- 
*KaTbcA B MpowentTax ( cTo6en 3 Taba. 2). 

IIpu aHanHse Ta6uuUbl 3aMeyaeM CyenyIOonlce: 

1. Bce nomyyeHHble 3aMepbl HaXOZATCH BHYTPH MOA AoNnycKa 
(11,26—11,50), cmeqoBaTeIbHO, TOYHOCTb U3FOTOBJIeHHA merTasen 
YMOBJeTBOPAeT TEXHHYECKHM YCJIOBHAM. 

2, B W3MeHUHBOCTH IIPH3HaKa 3aMe%aeTCA ceAyllulad 3aKOHO- 
MepHocTb. OguH H3 BapvaHTOB MpH3Haka, HaxOJAlvica mpH6nn3H- 
TebHO B WeHTpe paga (11,40), BcTpeyaeTca c HavOombuleH YacTo- 
Toh. Ilo mepe yfaieHHA OT 3TOTO BapHaHTa B CTOPOHy OObIUMX HAL 
MCHbIUHX pa3MepOB MuaMeTPa UACTOTbI BaPpHaHTOB MNOCTeNeHHO 
yMeHbualoTca, XapakTep HapacTaHua WH yObIBaHHA YaCTOT, B O6LILEM 
(IpaBHJIbHbI, BbIPaKaeT 3AKOHOMEPHOCTb, KOTOPOH onpeseAeTcn 
CBA3b M@KAY BeIHYHHOH BapHaHTOB HM 4AaCTOTOH, C KOTOPOH OHH 
BCTPeualOTCH; 3Ta 3AKOHOMEPHOCTb OTYeTIMBO OOHAPyKUNaCh ye 
pw MaHHOM KoOuHYeCTBe Ha6smIOAeHHH. 

Tlomo6Hble 3€KOHOMePHOCTH, KaK MbI JjaJIbllie YBHAMM, ABJIAIOTCA 
XapakTepHBIMH JIA OOJbUIMHCTBa PAAOB pacipeweyeHua, BCTpera- 
OULHXCA MPH OlleHKe Kaue- 





CTBa MpOMyKUMH, a Takxe H Ta6 auya 3 
BO MHOrHxX ApyrHx BoMmpocax Rae 

, | ‘ Unreppaap A6cooTHble 
PDO O (B Mm) 4yacTOTbI 





S3aMeTuM, 4TO MpH3Hak B 


Ta6u1. | ! . : 
a6. 2 mpemcTaBaeH He60/Ib 11,29—11,31 





IIHM YHMCJIOM OTJICJIbHbIX, Pa3- 14°31-11 33 8 
JH4UaIOWHXcH MexKIyY coooH 11/33—11,35 17 
BaPpHaHTOB, KaKIbIM H3 KOTO- 11,35—11,37 26 

pbIX BCTpeyaeTCA C HeEKOTOPOH 11,37—11,39 3b 
yacToTOH. Takve lmipv3Haku Hu as a 
COOTBETCTBYIONIHG UM PAI 11.43—11,45 17 
Ha3bIBaloTcA MpH3HakaMu 4H 11,45—11,47 6 
pAlaMH, 3afaHHbIMH B OUC- 11,47—11,49 l 
KpeTHou qgopme. JlerKo BH- Perna eeeet 
eTb, OMHaKO, 4TO Kab ST ee 190 


BapHaHT TaOsMUbl Movwydaert- 
CH B pesyibTaTe OKPyrvIeHHA 
6IM3KUX K HeMy 3HaYeHHH MpH3Haka B TIpOuecce H3MepeHHA C OTIpe- 
meeHHoH TouHocTb1O. TlostoMy KaKAbIM U3 TaKHX BaPpHaHTOB MO2KHO 
paccMaTpHBaTb KaK WeHTp HHTepBasa, B KOTOPOM 3aKsIoUaeTCA nel- 
CTBHTeIbHOe 3HaueHve M3MepAeMOrO MpH3Haka (MHaMeTpa). Credo- 
BAT@JIbHO, YACTOTbI pala pacnpesxelenuAa OyAyT OTHOCHTbCA He K 
OTI@IbHBIM 3HaYeHHAM MpH3Haka, a K MHTeEpBaslaM, KOTOPble Ha3bl- 
BaIOTCA UWHTepsaAamu OKpYyeAgHuA. CoOTBeTCTBYIOULad (popMa 3alivicn 
pAa pacipeleleHHA HasbIBaeTCA UNTeEPsAAHOU, 
Pan mpuMepa | B HHTepBaJIbHOH (opMe NpeACTaBJeH B Ta6J. 3. 
Bpipakad IpH3Hak B HHTepBaIbHO copMe, MBI OObIYHO Mpemro~ 
ylaraeM, TO MpH3HAaK, MO CyecTBy, MOxKeT MPHHHMaTb J1060e Npo- 
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MC*KYTOUHOE 3HAUCHMe BHYTPH HHTepBasta. Takue mpH3Haku Ha3bi- 
BaloTCA HeMpepbIBHbIMH, 

Bo3sMOXKHbI pAAbI pacnpexerenus NPHHILHNHaJIbHO JIMCKPeTHBle, 
HalNPHMEp: PaclipeWeeHHe CTaHKOB NO 4MCAY pasaqOoK 3a oTueT- 
HbIH MePHOA, pacnpemenenue uncena 3epeH B Moule 3peHua a6pa3ub- 
HOrO WHda, pacnpereeHie KOHTpPOAbHbIX MpoO mposxyKyHH To 
HHCAY MEPCKTHBIX CJLHHMIL B KAKO Mpobe u T. 2. 

Iipeactapnenue tTaKux PpANOB B HHTe€PBaJIbHOH @opMe B HeKO- 
TOPIX CAYYaAX TakxKe Wetecoo6pasno (cm. § 2 u 3), xoTa wu uMeet 
VCJIOBHbIH XapakTep. 

[pumep 2. OnnumM H3 OCHOBHBIX MIPpU3HaKOB . KauecTBa NOpuIHe- 
BOrO KOJIbla ABJIAeTCA ero yipyroctb. Haxe mpHBoxuM janHple 
HCNbITaNWH yimpyroctd (Ha Tomego) 200 nopmueppix Komen (110 
MaTepHajiam A. H. )Kypapsesa). 

Ilocrpoeuue pana pacupexeieHua uMeer 32ecb cBOH oco6eHHOCTH 
NO cpaBHeHHio C MpeAbIyulLuM mpHmMepom. Yupyrocrp H3MepaAeTca 
¢ OOuJIbIIOH cTeneHbiO ToUHOCTH, H NOITOMY B TaO. 4 MbI BHM 
OOIBIUOe KOHUCCTBO pa3zIHUHbIX 3HaueHHi mpu3Haka. Heo6xogzumo 
NPOBCCTH YKPYNHeCHHYIO IpynNHpOBKy, O6beAHHAA G.1H3KHe M@KILY 


Ta6auya 4 
Jlaniibie ucnbitanuit 209 Koxeu no yupyroctH (6 2/ #2) 
yupy 











TR A LS le ee ee 


| i 2 





1 450 1 460 1520 1500 1 410 1510 1 580 
1 450 1520 1 420 1 489 1 360 1409 {| 1400 
1 460 1429 | 1 389 1 340 1559 1 440 1 480 
1 660 1 440 1 380 1 380 1 480 146) 1 500 
1873 1 420 1 380 1 240 1 340 1 400 1 430 
1590 1430 | 1360 ; 1510 | 1360 1290 ! 1430 
146) 1450 | 861490 | 1320 1 340 1369 | 1370 
1340 [35% 1390 : 1340 1330 | 16500 1 390 
1450 $ 1480 12.0 i 1439 1 340 1 400 1 480 
1440 1 + 1580 1 390 1v30 | 1450 1 430 1 120 
i 510 14109 } 1590 1469 | 1490 1430 ; 1370 
1 420 1 250 1510 | 1260 1 330 1240 | 1390 
1410 | 1340 1440 : 1420 1 340 1470 1 430 
1460 | 1399 1430 | 1350 | 1430 1 450 1 460 
1210 1 410 1 400 14:0 | 1210 1 470 1 260 
1 369 1400 } 1300 | 1430 | 1330 | 1370 | 1270 
1390 1499 | 1350 | 1410 1 370 1440 | 1320 
1430 | 130 1380 4 1440 1 450 1 340 1 380 
1490 } 1310 1 450 1 280 1 530 1 400) 1 320 
1 340 1440 |} 1350 1 470 1 450 1 370 1 320 
1 270 1399 | 1300 1415 1 620 1510 $ 1390 
1 320 1470 } 1260 1 580 1230 | 1340 ; 1570 
1 440 1 500 | 1515 ; 1510 1 460 1 380 1 420 
1 450 1330 | 140) | 1425 1 410 1 330 1500 
1 340 14:0 | 1500 1485 | 1420 1 380 1 410 
1 590 1550 , 1340 1220 } 12340 

1450 1490 | 12300 1 300 1510 

1 400 1 480 1 500 1 540 1 340 

1470 1 340 1 380 1 390 1 280 

1 400 1440 | 1280 1 480 ! 1 400 | 
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co6oll 3HaveHua mpv3Haka. TexHuKa yKpylHeHHOH YrpyniHpoBKu 
TaKOBa: OTMeuaem B Ta6a. 4 HaMMeHbiee WH HanOoNblliee H3 BCTPe- — 
THBHINXCA 3HateHHt — uncna 1120 wu 1660. OruMu AByMaA 4HCaMy 
ompeqeineTCH MpOMeKYTOK BapvalHH MpHSHaKa. TlocmeqHuh mos- 
pasieimeTcad Ha PaBHble HHTePBAVILI, YHCO KOTOPBIX 3aBUCHT OT 
oObeMa cosokymHoctu. Uncio MHTepBaJIOB He AOJIKHO GLITb upes- 
MepHO GObIIMM, TaK Kak B KaxKOM HHTCpBayle OKaxKelcn CJIMLIKOM 
Malo HaOmONeHHi AIA TOrO, YTOGbI 3AKOHOMEPHOCTb OTHETIIHBO MPO- 
ABUNaCb; OHO He JOUMKHO ObITb HW Upe3SMePHO MaVvIbIM, na6bl He yTe- 
DATb CYIMeCTBEHHEIX NOAPOOHOcTeh pacnpeAeveHHA. IIpu uncie Ha- 
Sonenuii ot 100 no 500 pekomMeHaAyeTca AeIHTb MPOMe?KYTOK 
Bpaphauun Ha 8—16 HHTepBaOB. B Halem culyyae, Mpu wHce Ha- 
6nronenui 200, Mbl pasOvId MpoMexKYTOK BapHallun Ha 11 wHTepBa- 
SIOB; TaK KaK JVIMHa MpOMexKyTKa 1660—1120=540, To ajHHa 
KaxKMOFO HHTepBaa DOKHA MPHOAM3HTeJIbHO COCTABUTb 50 eMMHHL. 
[pu onmpeneneHun rpanuil HHTepBaJlOB CleAyeT HayuNaTb pad, OTCTY- 
Nag mpHMepHo wa '/2 HHTepBasla ByIeBO OT HaMMCHbIUerTO BCTPeTip: 
weroca 3HayeHua (1120), H 3aKaHUMBaTb PAL, OTCTyMaad NPAMepHO 
1a '/) HHTepBasia BNpaBo OT HavOOVIbUIeTO BCTPeTHBIMcrocHA 3HayeHHn 
(1660). Takum o6pa3om, B HTore Mbl Momy4aeM OAHHM HHTepBaJIOM 
6oNbIe MPOTHB paHee HaMeweHHEIx 11. 

IIpu 3TOM HeOOXOAMMO MMeTb B BUHAY, YTO BeAMIHHa PpanHlbl 
NHTe€PBaJIOB JOJKHEI ObITb COrIaCOBaHbl C XapakTCPOM OKpyrieHHa 
BapHaHTOB B Mpollecce H3MepeHHA MPH3HaKa. Han6oulee mpoctoe 
HpaBHJIO COrlacOBaHHA COCTOHT B CuleAyIOUeM: epanulor UHTePpBAaAos 
epynnuposku. OOAIKHbL CcOoBMmMeUyaTbch C epahuyamu UHTePBANOB 
oKpyenenun; cAedosaTenbno, 6 UHnTepsane epynnuposku OO ANCHO 
3AKNOUATOCA YENOE LUCNO UHTEPBANOB OKpYyeAeHUA. L= ky], 


roe i— BeAWNHHAa HHTepBasa Ppyum4poBKH; j— BeVIMNHHa VHTEp- 
Baia OKpyrleHna; & — les0e YHCO. 


IIpu co6smoxenuu 9sTOrO NpaBusa KaKIbI HHTepBad OKPyrJIeHHA 
U@JIMKOM OTHOCHTCH K OMpeeJsIeHHOMy HHTepBavJly rpynmnupoBkKH, u 
Mbl H36eraeM, TaKHM O6pa30M, HeOOxOAMMOCTH paciipeweATb elo 
yacToTy MexKLy JBYMA CMeXKHbIMH HHTepBalaMH PpyNMHpoBku 
(pue. 1,a@). 

Ecau He mpHdepxKHBATbCA STOFO MpaBHa, TO YACTOTHI HEKOTOPBIX 
HHTepBaJIOB OKPYIrleHHA MpHAeTCA HCKYCCTBCHHBIM mpvemMom pa30u- 
BaTb Ha [Be 4aCTH, pacnipeweiaa UX Me%KAY CMEKHBIMH HHTEPBallaMit 
rpynmuposkH (pxc. 1,6). 

B nalllem mpHMepe BeM4YHHa HHTepBasIOB OKPyTvIeHHA PaBHa 
10 eqvHuuamM (B BUe HCKIIOYeEHHA HECKOJIbKO BapHaHTOB Ta6JIMUbI 
OKPYIJIeHbI Jo 5 eMHHUL, Tak Kak B Mpowecce W3MePerin 6bIIO THYA- 
HO PeWIHTb, K KaKOMy J\eCATKY HX CeAyeT oTHecTH). Unesia c KOHeU- 
nol uMdpol 5 ABAAIOTCH rpaHHWaMl MATepBaJlOB OKpyMieHiaA, CJle- 
‘1OBATeIbHO, TPaHHUbl MHTeEPBaJIOB TpyNMHpPOBKH TakxKe HOH! BbI- 
pakaTbcA WHCaMM, OKAHYMBAIOLUMMHCA wudpon 5. 

CnenyeT TakxKe OO6paTuTb BHHMaHHe Ha TO, yTOGL BOJIM3H Tpa- 
HH HHTepBaJIOB He CTOAIH «KPyrvibie> UHCa (HampuMep, B Halllem © 
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cayuae 1100, 1200, 1300 ut. a.). Tax kak npu nenbitannax yacio 
HaOMOWaeTca TEHACHUMA OTHOCHTh CMe@XKHbIe YHCHA K yNCHaM «KPyr- 


1) 


ee OKDYCNEHUS 





Humepban 


epynnupooKu 





[panuyss urmepbanob epynnupobku cobnaéawm c zpanuyomu xpau- 
Hux uamepbano8 oxpyenenua Uumepban epynnupobku codepeum 
mpu unmepBana oxpyenexua 


6 
) Yumepban oxpyenexus 
uw 





fpaxuyst unmepbanob epynnupobxu npoxodsm Baympu unmepbanob 
Oxpyenenun. Kpaduue unmepbane oxpyenenus pa3sbuBawmes amu- 
MU epaHuuamMU Ha 2 yacmu Uu Ux yacmome GonKHe! bbs Coom- 
ee pacnpedeners: mexOy cMextoimu unmepbanamu 2pyn- 
nupobru 


Puc. 1. Cxema o6pazopanna HHTepBan0B 


JIBIM>, TO 9TH MOC AHHe, ECTECTBEHHO, JLOJIKHbI CTOATh BHYTPU IitI- 
TepBaJIOB, OJIM3KO K WeHTpam. 

Mb NpHHsM ClexyIOUly!o cHcTemMy rpymnupoBKu (Ta61. 5 cro.t- 
Ger 1). 

OcTaetca MOMCUNTaTb yacToTy Ka2K/OrO MHTeppana. TexHuka 
MOACIeTa TAKOBA: Kak {loe YHCHO Tad. 4 OTMedaeM YepTOUKOL npo- 
THB HNT€pBasla, K KOTOPOMYy OHO OTHOCHTCa (Taba. 5 cromGen 2). 

Tak, meppoe uncno 1450 ormeyaertca YeEPTOUKOH NPOTHB HHTep- 
Bala 1435—1485, sropoe uuci0-—1460—B tom xe HATepBac{e, 
TpeTbe — 1520 —B uuteppane 1485—1535 nu tT. a. no nopaaky jo 
KOHWa TadmHubt. Jia yo6ctBa noxcuera yeptouKi pacnowraraemM 
B BHAe MpAMOYIFOJIbHHKOB: 


7,7, 0,8, 91, or... 


Bapvauthl, HaxOAAUNecA Ha TpaH ABYX HHTepBasop (HalpHMep, 
1485), orMeyaeM KpyxXKaMH Mex MY COOTBeTCTBYIOIUMH CTpoKaMHi 
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Tabauua 5 
Pacnpenenenve NOpuineBbix KONel, nO ynpyrocTH 

















Mnmepbans 
(8 2/nm? 


Ei 














1085 — 1135 
1135 — 1185 
1185 —1235 
1235 —1285 
1285 —1335 
13935—1385 
1385 — 1435 
1635 ~ 1485 
1685— 1535 
15395-1585 . 
1585-1635 
1635-1685 


--gaaaeNso — 
ava000 
auaee 
augaas 
gaad 
-aae 
al) 
al) 
72 
oO 





200 


uepTOueK; B KOHeEYHOM MoscyeTe MOMOBHHAa TaKHX KPYKKOB OTHOCHT- 
ca K BepxXHeMy, Apyrad NomOBHHa — K HMKHeMYy HHTepBaly. 

B Hallem cJlydae BCTpeTHICA O2MH Kpy2KOK (BapHaHT 1485), 
KOTOPbIt Mbl OTHeCJIH K HHTepBaJly 1435—1485. Cron6ey 2 Ta61. 5 
COHEPKHT Pe3yJIbTAThI pasHeceHHA wepTOUeK, B crom6ue 3 nozpe- 
JCHbI HTOFH, T. @. DaHbI aOcO/IOTHbIe YaCTOTHI MHTePBavOB, a. 

_. B mouyyeHHoM psige pacnpeeieHiaA MBI TakxKe Ha6loqaeM 3a- 
KOHOMepHOCTb, HO H3BeECTHOH CTeMeHH CXOJHYIO C 3AKOHOMEPHOCTbIO 
mIpeabiyllero pada: Mo Mepe yBeM4YeHHA BapHaHTOB pAa YacTOoTa 
cHayasla BO3pacTaeT, MOCTHTaeT B HEKOTOPOM HHTepBaJie MAKCHMYMA, 
a 3aTeM TMOCTeMeHHO yMeHbIlaerTca. 7 7 . 

-Vuteppanbubii pag Ta6. 5 MOmxeT ObITh NpeACTaBJIeH B TMCK- 
peTHolt tbopme (Ta61. 6); Aaa STOH WelH BapHaHTbl, BXOAAIIHE B 
060M HHTepBasl, 3aMeHAIOTCH, B NOpAAKe OKpyTvleHHA, CpeAHHM 
3HaueHHeM (IICHTPOM) HHTepBala. | 

Ipumep 3. B MalIHHOCTpoeHHH Np KOHTPOJE reoMeTpuyeckon 
(POPMBI H30eIMH MBI BCTpeyaeMcaA C MapamMeTpaMu, MpeAcTaBJAlo- 
IMMH cOOOM YKJOHeHHA OT TpaBhKsbHOH opMbl, IIPHHATOH 3a HYJIb 
Ha WkKane orcueta, BbIPAxKeHHble NoJOxKUTeIDHbIMH dMcAaMH. IIpu- 
MepoM TaKHX MapaMeTpoB, KOTOpble HOCAT Ha3BaHHe CYyIleCTBEHHO 
TlOJIOMKHTCIbHBIX BeHUHH, ABJIAIOTCH OWeHHA, SKCIECHTPHCHTCTHI, He- 
NapasMeIbHOCTH, HeMepneHAMKyAPHOCTH UT. J. 

Tipusonum pasa pacnpegxetenua 170 wlecTepeH NO OAHOMY H3 
TaKHX MapaMeTpoB — GHeEHHIO TOPIa OTHOCHTE/IbHO Bala Nocde OMNe- 
palluu WAMPOBaHHA. 

3ameruM, uTO HapacTaHve 4aCTOT B 3TOM PAY MpOuCcxoANT Ha 
MeHbINeM IIpOTAKeHHH H Oomee OBICTPO, YeM HX y6pipaHve nqele 
MaKCHMaJIbHOH “acTOTBl. 

Mb! roBopuM, ¥TO pxAL OGaqaeT MpaBocTOpoHHeH (MOJIOXKUTEJIb- 
HOH) acumMMeTpveli (cm. pue. 11). 
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Tab6auga 6 Tabauya 7 
Pacnpenzesenne 200 kone 
no yupyroctu Paciipenenenne 175 wectepen 


(AHCKpeTHaa copMa psa) No OHeHHIO TOpLa 











etic ca. Yacrorpi Buewue (B 4) Yucio netaseii 
Se te weed de Sap Spncicies 

1110 | l 

1160 | ) 0,01 35 

1210 4 0,02 o7 

1260 g 

1360 | 40 0,04 22 

1410 49 

1460 ! 43 0,05 ° 

1510 | 26 0,06 4 

1560 | 8 

1610 | I 0,07 4 

1660 | I 

HMroro. ! 209 MOTO: s 2. | 175 


ITOH OCOOCHHOCTH PAa MOXKHO MaTb caAeqylomee OObACHEHHE. 
OueBuHO, YTO MpOM3BOACTBEHHDIM Mpolecc AoOKeH ObITb Harp aB- 
‘ICH Ha MOYYeHHE MpaBHJIbHOH opMbl, KOTOPOH COoOTBeTCTBYyeT Hy- 
JeBoe 3HaueHve Napametpa. Tlostomy Hau6oulee uacto BcTpeyalorca 
SHaveHHA Mapametpa 0,02, cpaBHHTeIbHO MaJIO OTKIOHSIOIMMeCA OT 
HVA. 

Tak Kak BapHallua norpemHocred OrpaHnyena cieBa OH3KHM 
HYJI€M, TO €CTCCTBEHHO, YTO BIPaBO OT HaHOOvlee YacToro 3HayeHHA 
NOPPClHOCTh BapbupyeT Oollee 3HAYHTeIbHO. OTcioqa sBjeHue mpa- 
BOCTOPOHHeH aCHMMeTDPHH, XapaKkKTepHoe JWIA PAOB paciipeeJIeHuxr 
CYLLCCTBEHHO MOJIOKHTCIDHBIX BEINN. 

ABIeHHe aCHMMeTpHH — weBoO-HH IipaBOCTOpOHHeH —B Govlee 
HJIH MCHee CHJIbHOH CTeMeHH Ha6vloqaeTcH BO MHOrHx psylax paciipe- 
Aenenua. Tipu oveHb CHuIbHOM acHMMeTPHU Leecoo6pasna rpynnu- 
POBKa pala B HepaBHbIX HMHTepBasax, Tak Kak PA HyxKMaeTca B 
Oolee NOAPOOHON Aucepenunannn oAHO ero uacTH MH MeHee NO; 
poOHok — zpyroit. 


§ 2. FPA®HYECKOE H30BPADKEHHE PAOB PACHPEJEJIEHHSA 


Hapsany c Ta6anunol dbopmont BbIDA*KCHHA UYNCJIOBLIX JAHHbIX B 
MaTCMaTHYeCKOH CTATHCTHKe WIMPOKO HCMOMb3yIOTCA M Apyrue cbop- 
MbI-— rpaduyeckan HW aHauTHyeckaa. C anavlINTHuecKUM BbIPaxkKe- 
HH€M PAXOB PaclipeevieHHA, T. e. BbIPAXKeHHEM HX B BUTE MaTeMa- 
THYECKHX CPOPMY, Mbl MO3HAKOMMMca B pa3nene III Kuuru. B ua- 
CTOAILEM Naparpatbe Mbl paccMaTpuBaem cnoco6bl rpaduyeckoro 
H300paxKenuA PAZOB pacnpezeenua. 
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ToctpoeHve rpa@uKoOB WIA DHCKPeTHbIX HW HHTePBaJIbHBIX PAAOB 
pacnpefeleHHa HMeeT cCBOH oOcoGeHHOocTH. PaccMoTpHM Ux pa3- 
AeJIbHO. | 


Ppacbwyeckoe H306paxkenne ANCKPeTHDX pAdOB 


B KkauyecTBe MpHMepa BO3SbMeM pacmipeyeneHve 190 neTaneh nc 
pasMepy mHaMetpa (Ta61. 2). Crpowm ocu KoopauHaT (puc. 2). 


Ro fa 4 
toe | cone 2S 


Yacmaoma 


4 
So 





Pasmep duamempa 6 NN 


Puc. 2. Tlomuron pacnpegenenun 190 netanei mo pa3sMepy 
AuaMeTpa 


Ilo ocw a6cuHcce OTKIaqbIBaeM 3HaveHuA MpH3Haka (3HayeHHA 
AHaMeTpa), 10 OCH OpgAMHaT — yacToTH. M3 Kawxgow TOUKH Ha OCI! 
a6cuHucc, H306paxKalolleh BapHaHT MpHv3HaKa, BOCCTaHaBJIUBaeM Mep- 
Ne€HAHKyJIAp, QIHHa KOTOPOrO BbIpaxKaeT COOTBETCTBYIOILY!IO 4a- 
cToTy. BepuivHbl NepneHAHKyJIAPOB CO@NHHACM MPAMBIMH JIMHAAMH. 
HlonyyenHan durypa Ha3biBaeTca NOAUZOHOM (MHOzZOY20AOHUKOM) 
pacnpederenun., 


VMtak, cTaTHCTHyeCKHH CMBICJI 3JI@MeCHTOB TOJIHrTOHa: TOUKH Ha 
OcH aOcuHcc H306paxKaloT BapHaHTbl NMpu3Haka, OPAHHAaTbl — 4a- 
CTOTHI. : 


Cpaduyeckoe H300paxkenne HHTeCPBaAbHbIX pALOB 


B KaudecTBe MNpHMepa BO3bMeM px pacripeneteHun 200 9K3em- 
IWIAPOB MOPIWHeBbIX KOJIelL MO BeIHUHHe yupyroctu (Ta6u. 6). 


Crpoum ocw KoopauHatT. Ilo ocu a6cunce oTKAaqbIBaeM HHTep- 
BaJIbl 3HaYeCHHH MpH3Haka (ynpyroctu). UacroThl u3s06paxaloTca B 
BHAe MIOWaled NPAMOYFOJIbHHKOB, NOCTPOeCHHbIX Ha KaXKJOM MHTep- 
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Basie (puc. 3). Jia sTo WeH Ha OCH OPAHHAaT OTKIabIBaeM Mac- 
lTaO YacTOTbI; TAK KaK OCHOBaHHA MPAMOYTOJIBHHKOB PaBHbl M@KALY 
coOol, TO HX IWIOWalH MponopivoHabHE! BbIcoTaM. Tlomyuennaa 
(burypa HasblBaeTca eucToepammoli pacnpederenun. 


Mm MS Ww Ww S&S 
Ss mA 2 OH OM 


~, 
Gn 


Konuyecmbo xoney wa uxmepban 





1085 
1135. 
1185 
1235 


<P) 
x 
ry 


1435 
1485 
1535 


Ynpyeocms Koney, 2/mm? 


Puc. 3. Pucrorpamma pacnpeazenenua 200 nopmHeByx Komen 
no BeJHYHHeE yapyrocrH 


Kitak, cTaTHCTM4¥eCKHH CMBICJI 31@MeHTOB THCTOrpaMMbl: TOUKII 
Ha OCH aOcCIIMCC H306paxaloT BapHaliTbl NPH3Haka, MWIowWalu MmpAMoO- 
YIOJIbHHKOB --- YaCTOThI; OPAHHAaTa MpesAcTaBAAcT co6oi OTHOMWMeHHe 
MIOW@tH K MVIHNe OCHOBaHHA —- 9TO UaCTOTa, TIPHXOMAIaAcA Ha 
CHHHHLY H3MepeHHA MpH3Haka. ONa HOCHT Ha3BaHHe NAOTHOCTIEL 
dAcTOTOL, 

Ec 3a COHHHILY H3MepeHHA MpH3Haka TPHHATb JWIHHy MHTep- 
Bala, TO B CJly¥Yae PaBeEHCTBa HHTePBaJIOB MJIOTHOCTH YaCTOTbI KO- 
AHUCCTBEHHO COBMaLalwoT CO 3HaY€HHAMM YaCTOT, KaK 3TO HMECT 
Mecto Ha pue. 3. B calyyae HepaBHbIX HHTCPBaJIOB MJIOTHOCTH YacTOT 
KOJIHYECTBCHHO He COBMaaloT C 4YacTOTaMH, 

Cnoco6 loctpoeHHa pala B Buse FHCTOrpPaMMb! OCHOBaH Ha 
MIPEANOIOMKCHHH, UYTO TWIOTHOCTb UaCTOTbI OCTaeTCA MOCTOAHHOH 
BHYTPH Ka?KJOrO HHTepBaslia H Me€HAeCTCH CKaYKaMH Ha KpaAx HHTep- 
BaJIOB. ITO YCJIOBHOe AOMYLWIeHHe, OU€BUHO, B H3BeCTHOH Mepe HCKa- 
%KaCT SAKOHOMCPHOCTh, JleKalllyiO B OCHOBe H3yyaeMOro CTaTHCTH- 
yeckOro MaTepHaJla, HCKayKaeT TEM CHJIbHee, YEM GOUbIWe WIHHA 
HHTepBaa. Bosee 6O1H3KHM K J(CHCTBHTeIbHOCTH ABJIACTCA NpPeAMONO- 
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»KeHHe O PABHOMeEPHOM H3MeHEHHH MVIOTHOCTH YaCTOTH OT HHTepBa- 
Ja K MHTepBaly. ITO MOMYWIeHHe MPHBOANT Hac K H300paxKeHUlO 
HHTepBaJIbHbIX PAZOB B BHe NOMHFOHOB pacnpefeeHun, KOTOpbI!e 
NOCTPpOHM cleAyIOWuM O6pa3om (npuMep 2). 3 cepegunel Kaxs0ro 
HHTepBaJla BOCCTaHaBJIHBaeM OPAMHAaTy, MpOMopLuoHaJIbHy!O NuoT- 
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S 
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Konuvecm6a rxoney na unmepban 
= 


~ 
i+) 


ey pot eer 


| 
N 
KN 


1260\;--- 
1310 
1360 
1490 
1460 


Ynpyegcms xoney, e&/mm® 
Puc. 4, Tlonmron pacnpeyeneuua AA MHTepBaAbHOrO pana 


HOCTU uacTOTH BepinHb! nmepneHAHKyJApOB coeqHHAeM TIpPAMbIMH 
AWHHAMH. Tloyuaetca dburypa, No BHeLHeMy BHAy cxOQHaa c NOJIH- 
rOHOM, H306paxKalollwM JMCKpeTHbIA pA pacnpesxeenua. 

OjHaKO CTaTHCTHYeCKHH CMBICI 3JIEMeHTOB 9TOTO NOTHTOHAa HHO. 
OpavHata 30eCb O3Ha¥aeT He YACTOTY, a MMIOTHOCTb YacToTH. Ua- 
CTOTa’ Ke HHTepBaJla “306paxaeTcA B BUA MIOUWAaIN KPHBOJIMHeH- 
HOH TpanelluuH, OrpanHvyeHHoOH CBepXy OTpe3KOM MOJIMroHa, CHH3y —- 
ocbio aOclucc H MO cTOpoHaM — ABYMA OpAHHatamu (puc. 4). 

TlomMroubl, H306paxKalollive AMCKpeTHble pAb pacnpemejenng, 
HA3bIBalOTCA NOAUCOHAMU C HACPYIKeEHHbIMU OPOUHATAMU, 

Ene 6oslee TOUHOR MpescTaBJIeHHe 0 3aKOHOMEPHOCTH, sleKallel 
B OCHOBe H3y4aeMOrO CTATHCTHYeCKOrO MaTepHaJla, Maer HaM TPeTHH 
cmoco6 H306paxKeHRA HHTePpBaJIbHbIX PAAOB B BUe M1aBHOM KpuBoH, 
nmepewaromleH Xoj| H3MCHCHHA MMOTHOCTH pactipesenenua (CM. puc. 5). 
TloctpoeHue TakHX KpHBbIX Tpe6yeT CMelMasbHbIX MaTeMaTHY¥eCKHX 
pacueToB, C KOTOPbIMH MbI NMO3HaKOMUMCa B paszevie III KHuru, 
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JIMWb NepBblii U3 Tpex cnoco60B H306paxKeHHA MHTepBaJIbHbIx 
palosp (cnoco6 ructorpaMM) COXpaHAeT 4aCTOTbI MHTepBasloB Ta- 
KHMH, KaKHMH OHH aHbt B Tab.1Mue. B cnoco6e MOuHrOHOB HU B 
cnocoOe MWrMaBHbIX KPHBbIX YACTOTHI OTL@JIbHbIX HHTePBaJIOB, BbIMH- 
CIS€MbIC Kak MWIOULaJ[W KPHBOJIMHEHHbIX TpanelHH, OyLYT HECKOIbKO 


Konuyecméo Korey xa unmepban 





Te 


Ynpyzocms Koney 
Puc, 5. Kpupaa pacnpeneaennn 


OTJIHMUATbCA OT YACTOT, 34aNHbIX B TaOaHue, «HCNpaBsAA» Nocwedl- 
Hue. OoOulaad Ke CYMMa BCeX YACTOT OCTaeTCH MPH BCeX Tpex croVco- 
6ax He€H3MCHHOH, PaBHOH OObeMy COBOKYMHOCTH. 
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rAABAH , 
AHAJIH3 PATOB PACIIPEXQEJIEHHSA 


§ 1. IPOBJIEMA H3MEPEHHA MACCOBOrO YPOBHA 


AvaH3 PAOB pacnpemeseHHA MbI CBAXKEM B abHeHLIeM Cc UTe- 
HHeM rpauKoB pacnpegentenun. YMeTb YTaTb rpauk — 3To 3Ha- 
UT YMeTb BbIZ@IHTb B HEM Han6ovree CyLeCcTBeHHEIe oco6eHHOCcTH, 
NOCJeNOBaTeIbHO MepexoAa OT Ooee BaKHbIX CBQHUCTB K. MeHee 
BaxKHbIM H OTBJICKAACb OT BTOPOCTeNeHHbIX eTaseH. ° 


B pane mpo6s1em, KoTopble pelliaioTca npn noMolLt paAOB pac- 
IpeesieHHA, OCHOBHOe MECTO 3aHHMaeT mpo6eMa H3MepeHHA Mac- 
COBOrO YpOBHA Mpu3Haka. C Heli MBI BCTpeyaeMca pu st060Mm cpaB- 
HeHHH JIBYX WJIM HeCKOJIBKHX COBOKYMHOCcTeli B CTaTHKe WH JHHaMH- 
Ke. CoulocTaBad, HallpHMep, KayecTBo NPOAYKIMH B AByX pa3sHy- 
HbIX MapTHAX, B MepBYy!lO OUepeb BbIACHAIOT, B KaKOli H3 DBYX MapTusi 
yYpoOBeFb KauecTBa Bbilue. Cleqa 38 H3MCHEHHEM TIPOM3BOAHTeJIbHOCTH 
Tpyma pa6ounx Kakol-1u60 NpoteccuoHaJIbHOK rpynnbl Ha NpeAMpH- 
ATHH, YCT4HaBJIMBaIOT, NOBBICHICA JIM OOLIMH YypOBeHb MpoHv3Bosn- 
T@JIbHOCTH TPya 3THX pabounx. TpyAHOCTb BOMpoca COCTOUT B TOM, 
YTO OTJeIbHble OOpa3itbl MPOAyKunu NepBok NapTuu Jyule, Apyrue 
XyKe, 4EM OTAeJIbHble OOpasiibl MPOAYKUMH BTOPOH MapTuu, To OT- 
ebHble pa6oune mpodecchoOHaJIbHOH FpyMMbl HEOAHHAKOBO MOBBI- 
CHJIH TIPOM3BOJIHTeJIbHOCTh Tpy/la, H COCTaB STOW FpylMbl TakxKe MOr 
u3MeHuTEcA. Mexay TeM OTBeT Ha NOCTABJICHHbI BOTIpOc Tpebyetca 
jlaTb B CbopMe, O60OulalolleH TaHHble BCeX 3JIEMCHTOB COBOKYIHOCTH: 
peub HeT He OO} H3MePpeHHH YPOBHA MpvH3HakKa Win Toro WM MHOrO 
YaCTHOPO 3JIEMeHTa COBOKYIIHOCTH, a 06 H3MepeHHH YPOBE Xapak- 
TEPH3YIOWWeroO BCIO MACCy IJICEMCHTOB B IeJIOM. 

Bpipa3sum 3TO rpaduyecku. Ha puc. 6 conocrapamioren KpHBLIC 
pacipeyeleHiA MO MpOH3BOACTBeHHOMy CTaxKy JBYX COBOKyNHocTelt 
pa6ounx. B Kako COBOKYNHOCTH YpOBeHb NPOWSBOACTBEHHOTO CTA: 
Ka Bbillie? OueBHAHO, CTaK BbILe BO BTOPOH COBOKYNHOCTH, TaK Kak 
e€ KPHBad pacipeyeseHun pacnoomwKeHa MpaBee WH COOTBETCTBYET 
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Oovlee BbICOKUM 3HaAYCHHAM CTakKa, 4eM KPHBaA paciipesemenia Nep- 
BOH COBOKYNHOCTH. 

Mrax, nonowenue epaduka pacnpederenua Hwa ocu abcuucc 6- 
ANETCA NOKAZATENEM BbICOTKL MACCOBO2O YpOsNA npusHaka. Yem npa- 
Bee pacnononen epaduk Ha ocu abcuucc, Tem ‘6bltue maccoBolii 
YPOBeH NpuUsHaKa. 

Maso, OHaKO, YCTAHOBHTb, UTO YPOBCHb CTaxKa B ONHOH U3 CO- 
BOKYMHOCTeCH BhIue, YeM B APyroh. Bonpoc O6bIMHO cTaBUTCA B KOJIM- 
YeCTBEHHOH (OpMe: Ha CKOJIbKO JleT CTaxK BO BTOPOH COBOKYNHOCTH 
BbIWe, Ha CKOJIBKO CAMHUI, (JleT) CMelllela BTOpad KpHBaa No cpae- 
HeHHIo C MepBoH? 


fInomuocms pacnpedereuus 


§ 10 15 20 25 30 3 
Yucno aem cmaxa 


Puc. 6. CpapHenve AByXx rpyln paOounx MO NpOH3BOACTBeHHOMY CTaxy 


© cMeleHHH rpaduka MbIl MOMKeCM CYAMTb NO CMeLICHHIO KaKUXx- 
mH60 TOUeK, XAPAaKTePH3YIOIUAX NOMOxRKeHHe TpadukKa Ha OCH aOciHCe. 
Ha nepBblii B3rJif STO MOryT ObITb TOUKH Hadasla WIM KOHIWa rpa- 
cbuka. Tak, HampHMep, eCJIM CyZHTb NO MOOKeHHIO HaUaJIbHbIX TOUeK, 
TO BTOPOH rpacbHK CMeLLeH OTHOCHTeIbHO TepsBoro Ha 9 e/MHHU 
(eT). Ecnu Ke CYHTb MO MOJIO%KeHHIO KOHEYHbIX TOYeK, TO pa3sMep 
CMeCIIe€HHA OLeHHM B 12 wer. 

OyHako HH NepBbli, HH BTopo cmoco6 He MaeT yOBJeETBOPHTeJIb- 
HbIX pesybTaTOB. Hayao uw KOHelL rpatbuka — CJlyyavHble TOUKH, 
IOJIOKEHHE KOTOPHIX He XapaKkTepH3yeT MOJOMRKeHHA BCEH KPHBOH pac- 
npeneteHus. O mocaeqHeM MOXKHO CYAHTb JIMLWIb MO TOUKAM, BOKpyr 
KOTOPbIX KOHILEHTpHpyeTCA OCHOBHad Macca HaOJiofeHuH. Takue TOU- 
KH OGObIYHO pacOsOxKeHbl B WeHTPaIbHOH uacTH rpaduka, MosTOMY 
GHH Ha3bIBalOoTCA Cpe/JIHHMH TOUKAMH, WIM CpeOHUMU BeAUYLUHAMU, 
Cpeaue BeJIMUHHbI XapakTepH3ylOT MOOKeHHe Tpaduka pacipese- 
JIGHHA Ha OCH a6cuHcc. 
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§ 2, CPEAHAA APH®METHNECKAA 


Han6osee H3BeCTHOM B PAY CPCAHHX BeIHUMH ABIACTCA dane 
apumeruxeckan, KOTOpOH Ha3sbipaeTcA CYMMa 3HaueHuA NpH3sHaka, 
pasfesleHHas Ha 4HCO STHX 3HaveHHH 

~ ptt 
XK = 
ht 
WIM, KOpoUe, . 
ca. ie - (2. 2.1) 
re x — o603HayeHHe cpeauen apudMeTHUeCKOH, 
Tlyctb, HanpuMep, 3apaOoToK WeTHIpex pa6ounx cocraBuseT 812, 


980, 828, 892 py6. CpeaHui sapa6oToK m0 dbopmyuie cpenHeli apug- 
MeTHUeCKOH 





812 + 980 + 828-} 892 __ 
4 


x = 878. 

B cury4ae, KOrLa OTMeIbHbIe BAPHaHTbI Mpv3Haka MOBTOPAIOTCA 
MO HeCKOAbKy pa3, YacTOTa KaKJOrO BapHaHTa MOKA 6bITb yurena 
MIpH BbIUHCIeHHH CpeqHeH apHdMeTHuecKOH, H pacueT MpPOHSBOAMTCA 
no dopmyuie | 

= vxm 


= . (2. 2. 2) 
a Ym’ 





rie m— YacTOTbl BApHaHTOB X. 


Hanpumep, Jia ucKpeTHoro pala pacipezeeHia pa6ounx 0 








3alpriate: 
Tab auya 8 © 
ae eg IR i 
3apnaata pa6ounx | Ynecno pa6ounx re 
| x m 
Bet ee BI 
10 5 000 
600 20 12.000 
700 40 28 000 
800 30 24 000 
Urtoro.. .| 100 | 69.000 


Kaxapiii papwant 3apa6oTkKa yMHOxaeTCA Ha CBOIO yactoTy 
(qeHcTBHe MpOK3BOEM B crom6ue 3 Ta6HUbI), H CYMMa NpoHnsBee- 
Hull JeMWTCA Ha YMCIO pabounx 


= 69 000 
- 100 PY 
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Popmyyia (2.2.1) gaer NPOCTYyIO Cc 
opmywa (2.2.2) — eseewennyto CpeHIo 
Unela m B 
Uem 6 





X (yenmp maxecmu) 


Puc. 7. Cpenuaa apudmertnueckan 


KpeTHbIM). [Ipumep pacueta cpeanero 3a 


A-RDP80T00246A045100330001-4 


peAHIOIO = apudmertuyeckyn, 
IO apudmernueckyi., 


opmyje (2.2.2.) Haspraiotca gecamy BapHaHTos. 
ObIe BEC, C KOTOPbIM BXOHT KaKoli-1u60 BapHaHT B (bop- 


MyJly cpequeH apndmern- 
YECKOH, TEM CHJIbHee BJIHA- 
HH€ 9TOrO BapHaHtTa Ha 
OKOHYATCJIbHbIH = Pe3yJIbTAaT. 


Af WHTepBaJIbHBIX psi- 
MOB Ppaciipejenenua pacuer 
cpequeH  apndMmetnueckoli 
MPOH3BOAHTCH MO B3BeLIeH- 
HOH dopMy.ie, mpi 3ToM 
HHTepBavIbl 3aMCHAIOTCA 
CBOHMH leHTpaMu (Tt. e. 
PAR NpeBpawwaetca B AHC- 
paOoTka JWIa Takoro paga: 

















Taébauya 9 
LleHtp HHTep- Sapnaata Yucao paso- 
Balla x . (B py6.) UHX Mm we 
Seer 
650 600—700 200 130000 
750 700 —800 500 375 000 
850 800—900 300 290 000 
1 000 760 000 
— 760000 
X= = 760 py6. 
1000 PY 


B ta6n. 9 cron6upt 2 1 3 COMepKaT HCXONHbIe NaHHble, CTOMOLUbI 
| uw 4 cocTaBleHbI B mMpotecce BHuncHenua cpenHeH. Tpacduyeckoe 
HCTOJKOBaHHe Cpefuel apHMerHyeckolt yACHHeTcA H3 ee BSBeIICH- 
HOH MopMyvIbl 


—_ 





rxm 
Ym 
ITok mopMysoH onpenensetca B MexaHHKe IeHTPp TAKeCTH MACC. 
BooOpasum ce6e Ocb a6clivcc B BHZe Oanku, Hecyllet Harpys3ky 
8 (opme rpaduka pacnpegzenenus (puc. 7). 

Touka Ha OcH xX, B KOTOpOH aBjcHHem CHH3y ypaBHOBellIMBaeTCH 
BCH Harpy3ka, ABJIACTCH CDeqHeH apudMetuyeckoll. Takum o6pa3o0m, 
CpeHHAA apu@MeTHyecKaA MpenctaBaer coboit aOcuuccy wWeHTpa 
TAKECTH Tpapuka pacnpegeenua. 
a2 
i 
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§ 3. MEJMAHA 


Upyrou cpeqHen BeIMUHHOH, xapakTepHsylolleH MoowKeHHe Ppa- 
tbuKa Ha ocu aOcilHcc, ABJIAeTCHA mMenuaHa. MeauaHol Ha3sbiBaeTcHA 
BeIHUMHAa W3y4aeMOoroO MpPH3Haka, KOTOpPad o6mamaeT cCue2yOIliM 
CBOLCTBOM: UHCAO 3EMCHTOB COBOKYMHOCTH CO 3HadCHHAMH WanHoro 
IpH3Haka, OOJbINHMM STOK BeHYHHDI, paBHO YMCJy SIeEMeHTOB CO 
3HaveHHAMH MpH3Haka, MeHbINHMH CE. . 

TpatbuyeckH MeqHaHy MOXKHO Ope eHTb Kak TOUKy Ha OCH 
aOcilucc, B KOTOpOH OpAHHAaTa AeAAT NIOUaAb rpaduka pacipele- 
JleHHA Ha Be paBHble 4wacTH. ITO onpeqeeHHe MeqHaHbl MpHrofHo 


lmamnocms pacnpedenenus 





25 Bapuaumol 


Puc. 8. Mequaua 


B TeX clyuaax, Korga TMwollayb rpapuka us00paxaeT yacToTy 
(B rucTorpaMMax, NMomHroHax BTOpOrO THIla, [WIaBHbIX KPHBbIX). 
IIpu pacuere MeqMaHbl pasIMdaemM (Ba cryyan: 
1) Jin HeCrpyNMmupOBaHHbIxX MaHHBIX, 
2) WIA PALOB paciipeAeeHua. 


Pacuer MeJHaHbl Aa HecrpynmHpoBaHHbix LaHHbIXx 


Ipumep. IIpuBoauM pe3yJIbTaTbl 3aMepOB jluaMeTpa JeBATH MeTa- 
nel (OTKJOHe€HHA OT HOMHHAJa B MukKpoHax): 22, 20, 17, 21, 16, 
23, 20, 25. HalitH Mequany. 

TIpexme Bcero pactiolaraem STH WaHHbic B NOpAaKe Bo3spacta- 
una: 16, 17, 20, 20, 21, 92, 23, 24, 25. [uametp AerTasin, 3aHMMalo- 
tefl B 3TOM pALy WeHTPasbHOe, 5-e MECTO, OKa3aJICa PaBHbIM 21 MK, 
cNlelOBaTeJIbHO, MeqHaHa — 21 

Tipu ueTHOM KovIM4eCTBe JaHHbIX Ha ILCHTPAJIbHbIX MECTaX OKAa- 
3bIBaeTCH IBA WIeMeHTa; B KavecTBe MeAHaHbl B STOM cayuae MpH- 
HuUMalOT MOycyMMy 3HaueHHH Mpw3Haka y 9THX 3JIEMeEHTOB. 

Hanpumep, pw feciTH 3aMepax AMaMeTpa —— 16, 17, 20, 20, 21, 


22, 23, 24, 25, 27 — MemHaHa: Ee ee 21,5. 


Buuctenve MeMaHbI Mo sToMy cilocoby WesecooOpa3Ho Mpous- 
BOAUTb IIpH HeOobUIOM KOvIMUeCTBe AaHHbIX. B cayuae Oobiuoro 
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eee AAHHBIX CJeLyeT MpHMeHUTH [pyNNHpOBky Hu Mponspo- 
AUT PacheT MeMaHbI Jin payla pacnpeneienna. 


PacueT meguvanbl aan MHTCPBaJIbHbIX PALOB Pacnperzenenna 


ee Pax paciipemesenua mpumMepa 2 u noscuum cnocos 
ad MEAHaHbI Ha rpaduKe pacnpeszesenna (THcTorpaMMe), 


a aTo# wenn Haxo Ue 222 2s 
JI : 107 u HakannuBaem YACTOTHI OT 


e P43 
Havasla rpaduka, noka He JOUeM NOs WH Ov Kahllero K HeMy 


ee HTora wactor. Tlonyuaem 1+0+4+9+418+440=—79 
oe OMPCACIACTCH MCNHaHHbt MHTepBa (1385—1435). 
ie a eee J iihag ty i re Z— HeusBectHan 
O HHTepBata. Ham u3pectua no 
AOUWatb MpAMo- 
YPOIbHHKa, JIe@Kallero Ha BCeM MeJLMaHHoM HHTepBawle, — 49 ae 


iab MpPAMOYrOubHUKa. J 
» JleKalero Ha oTpe3Ke Zz é 
Ha pic. 9): 100 — 72~98 . : on 






Inomuocms pacnpedenenug 
YM 9B MD ~~ 
Asa B&W 


— MOO & 
M™ M G Hw wy 


fa 





W ky in Ww 

7% OH m OM 
VN SN iy ty & 
™“— iW Ss, 


1685 


Ynpyeocms Koney ( 2/mm?) 
Puce. 9. Pacuer M@JLHAHbI 


2 onpeeinemM 13 Mponopun” 


2 8 , 
ee ay)? OTKYMa Z = 28,6 


I l 6 be, 


7 es 
M,=x,+i (2. 3.1) 


Me 
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roe M,— o6o3nayenne MegznaHhl; 
X,— Haua0 MeAHaHHOrO HHTepBa.ta; 
t— HHA HH frepBa.a; 
nm —oO6beM COBOKYNHOCTH; 
X—cyMMa 4aCTOT BCeX HHTepBaOB, NpemMmecTByIOULHX 
MeHaHHOMY; , 
m,— WaCTOTA MeAMaHHOrO HHTepBaua. 
B naemM npumepe | 


xX, = 1385, ¢==50, 1 =200, 2=72, m, = 49. 


M, = 1385 4- 59 1413,6. 


Tlopa#moK pacyeta Megnanbl no dopmyvie (2.3.1): cHayaana on- 
n 
peneaaem —-, 3aTeM & H, HaKOHeN, BCe OCTabHHe BeIHYHHbI — 


Mopmysia (2.3.1) mMpurogua uw B culydae pamoB pacmpenenenna 
C HepaBHbIMH HHTepBaJlaMu, ¢ B He Torga OOo3HayaeT DWIMHY MeOuU- 
QHHOZO WHTepBaia. 

IIpH BbIYHCIeHHH MeQHaHbl in AMCKPeTHbIX PANOB pacnpere- 
JiGHHA HX HEOOXOAHMO CiepBa MpeACTaBHTb B MHTePBaJIbHOH copme 
M 3aTe€M HCMOIb3OBaTb H3JIOKEHHHIN BbIlWe MeTOR. Tak, Win mpuMepa 
| Mbl paccuuTaeM MefHaHy lo dopmyvie (2.3.1.), ecau mpenpapn- 
T@JIbHO MpeACTaBHM PAX B MHTeEPBasIbHOH (bopme (cM. Ta6u. 3) 


M, = 39-2 = = 39 + 0,32 = 39,32. 


§ 4. MOJIA 


Modoti na3oeaetca abcyucca Touku maKkcumyma Kpueot pacnpe- 
Oeaenuna. QTo rpaduyeckoe onpememeHve Mob. Ee cTraTucTHyeckuil 
CMBICJ POpMYJIMpPyeTCA HeECKOJIbKO HHaye JIA: MUCKPeTHbIX HW HHTep- 
BaJIbHbIX PANOB paciipemesenug. 

Jl JMCKPeTHbIX pAZOB pacipeneteHua MOJO ABAAeTCH TO 3Ha- 
yYeHHe MpH3Haka, KOTOPOe Yale Bcero BcTpeyaetca. Ja HHTepBasb- 
HbIX PAAOB MOJOH ABJIAeTCH TO 3Ha4¥eHHe NpH3HaKa, Ha KOTOpoe 
MpHXOANTCH HavOOJbllad MMOTHOCTh pacnpeneseHua (T. e. BOKPyr 
KOTOPOrO KOHIEHTpHpyerca HanOoblllan wactota). 

JI MHCKpeTHBIX PAZOB MOMa HaXOJHTCA 6e3 BLIUMCNeHHH, Ha 
rla3, HeMOcpeACTBeHHO NO TaOHWe HIH 10 rpaduKy pacnpemenenua. 
Tak, B lpHMepe 1 Mood calyxKuT QHaMeTp 40, Tak Kak OH BCTPe- 
yaeTCH Yale BCEro. | 

J\ia WHTePBaJIbHbIX PAXOB HaxowKMeHHe MOAbI Tpebyer pacueta. 
PaccMOTpHM HHTepBaJIbHbId paw mpHmMepa 2. Ha raa3 BuAHO, 4TO 
MOa 3aK0"eHa B HHTepBase (1385—1435), Tak Kak Ha 93TOT HH- 
TepBaJl MPHXOMHTCA HaHOOJIbUIaA MIOTHOCTh pacnpegenenua. Ho xKa- 
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KyIO TOUKY STOTO HMilTepBasla cmenyeT cuuTaTbh MogoH? Jina oTBeta 
Ha MOCTaBJIeHHbIN BONpoc CleqOBalO Obl H306pPa3HTb pA pacmpe- 
JeeHHA B BHe MW1aBHOH KpHBOH Hw HalTw TOUKY MAKCHMyMa 9TOH 
KpHBOH. Iloqo6ubIi WyTb, OAHAaKO, TpeOyeT AWIHTCIbHbIX pac4eTOB 
1H MOTOMY HelpakTHyeH. 

IIpupenem 6e3 OKa3aTeJIbCTBa GOPMyJIy, TO KOTOPOH MOKHO 
MpHOAWKeEHHO PpaCCYHTaTb MOJY, T. e. aOcuHccy TOUKH MaKCHMyMa 
KPHBOH paciipeqeseHHA, He CTPOA CaMOH KPHBON 


Ay 


M,==x i 
: ot Aye Ag 





(2.4. 1)! 


roe M,— o6o03HayeHve MOA; 
X,—-Haualo MOMabHOrO HHTepBaa; 
i— una HHTepBasa; 
A, — pa3sHOCTbh YaCTOT MOJQaJIbHOrFO H AOMO/JAAbHOrO HHTep- 
Ba/10B; 
A, — pa3HOCTb 4aCTOT MOJabHOrO H NOCJIEMOaAbHOIO HH- 
TE pBaJIOB. | 


B paccmatpwpaeMoM lipHMepe x, = 1385, i==50, A, = 49 — 
—40=9, 4, =49—43=6. 


9 


Mopmyyia (2.4.1) Npurogua AWA pxAWOB pacnpeweseHHA Cc paB- 
HbIMH HHT€PBasIaMH. SaMeTHM, YTO pH BHIUHCJIEHHH MOI JIA IMC- 
KPeTHbIX PAOB MOCMeHHe YaCTO MPHBOAAT K HHTePBaJIbHOK opMe 
H MOb3yloTca cbopmyiow (2.4.1). Drum mytem focturaetca Oovubilasr 
TOUHOCTh B ONpPeeJICHHH MOJBI. 

Tak, MpeppaTuB AMCKpeTHBIA paw mpuMepa 1 B HHTepBaJIbHbI 
(cM. Ta6. 3), Mbl BbINHCJIAeM MOZYy To dopmysie (2.4.1) 


My=39 + 2- 44 — 36 


Satire ig 90 11) 8G a9 69. 
44 — 36) -+ (44 — 34) 


Ha puc. 6 MOBI ZByX rpadukoB OTCTOAT Apyr OT Apyra Ha 
6 ler. Ota BeMUHHa Mp6 KeHHO XapakTepH3yeT pasHuHe B Cper- 
He€M YPOBHe MpOH3BOACTBeHHOrO cTamKa y AByX rpyln pa6dounx. 


§ 5. CONOCTABJIEHHE CPEQHEM APH®METHYECKON, MEXHAHbI 
H MOJIbI 


B wacrosilem maparpatbe paccMOTpuM BOMpOCh! KOJINYeCTBeEHHOTO 
CONOCTABJICHHA TpeX CPCAHHX H UX MpakTHYecKOro NPHMeHeHHA. 

IIpexge Bcero BbINCHHM, B KaKHX CjJy4aatx MOjla, MefqwaHa nu 
CpeqHAA apudMeTHYeCKaN WaloT OM3KHe 3HaYeHHA MH OT ero 3a- 


1 Baron mopMyspl cm., Hanpumep [5] nan [10] cnucka auTepaTypbl B KOHIe 


KHHIH. 
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BHCHT pacxOKeHHe MexKAy 3THMH CpenHuMH. PaccmoTpum rpaduk 
pacnpefeneHHA CHMMeTPHYHON (POpMHI. 





i=M,~M, 


Puc. 10. CuMMeTpH4Had KpuBaa 


OueBHyHO, B TaKOM rpatbyKe TOUKa M@KCHMYyMa, JIMHUA, PaBHO- 
Weallad Miowladb, WH WeHTp TAKECTH JleKaT Ha OCH CHMMeTPHH. 
CnenoBaTeIbHOo, Jif CHMMeTpHuHOrTO rpaduka MOjja, MeqHaHa H 
CpeqHAA apHdMeTHyecKkan COBMasalorT. | 

Ilyctb Tenepb rpadukK HMeeT MpPpaBOCTOPOHHIOIO aCHMMeTPHIO 
(«xBocT» BupaBo). TlokaxxeM, 4TO B TaKOM CJIydae MOfa pactiouo- 
*KeHa JeBee, a CPpeHAA apHdMeruyeckad — mpaBee MesMaHbl |. 





M, MX 


Puc. 1]. [papocroponyaa acHMMeTpHA 


B camMom Jlene, cepa Hu clipaBa OT MefHaHbl pacilonoxwKeHbl 
OAHHAaKOBbIe Muiowlagu (Maccbl), HO eBaA MoWakb NOcTaBeHa Ha 
KOPOTKOM, a l1paBad Ha JWIMHHOM OCHOBaHUH. IlosToMy JleBad 4aCTb 
KPHBOM BbIMe MpaBol, H MOY MBI Halizem cepa oT MefuaHHl, Ilo 
9TOH Ke MpHYMHeE MeAHaHa HE MOXKET CJIYKUTb TOUKOH PaBHOBeCHA, 
H60 MOWadb, pacnosowKeHHad Ha AJIMHHOM Mleye, NepeTAHET MJ10- 
lab, PaCIlOMOXKeHHY!O Ha KOPOTKOM; CJIeqOBATEJIbHO, cpeqHAA apHd- 
MeTHuUeCKad pacnoylomweHa Mpapee MeAMaHbl. 


Vitrak, MpH mpaBocTopoHHeH aCHMMeTpHU JleBee pacnosomeHa 


1 Betpeyalorca pacnpexeneHud <HeNMpaBHIbHOH»> POPMEI, ANA KOTOPHIX Halle 
paccyKJeHHe HelpHMeHHMO. 
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MO/la, 3aTCEM MeAHaHa HM Mpapee — cpeqHaAA apudmertuyeckaa. O6- 
PaTHOe PacnoOKeHe HMCeT MECTO MIPH JIEBOCTOPOHHelt acuMMeTpHis 
rpaduka. Takum o6pa3om, pacxomenne M@KIY TPeMA CpeHHMH 
3aBHCHT OT ACHMMETPHH rpaduka: yem Oomee acuMMeTpuyeH rpadux, 
TeM OovIbllie paccTOAHHe MexKZY ero CpCXHHMH TOUKaMH. 

IlepexoqumM kK Bonpocam mpaxktTuyeckoro NPUMeHeHHA STMX cCpes- 
ux. Han6oulee -u3BecTHott, HMerlollelt HanOonbltree MpHIOKeHHe K 
NPakTHKe ABJIACTCH CpeyHAA apudmMeruueckag. 

Ilonyaapnocth cpeaHeit apudMmeruueckoll cKambBaerca now, BJIH- 
AHMEM Pa3JIHYHBIX TIPHUHH. CpeqHAA apucdMeTHuecKkas uMeeT Mpocroit 
CMbIC OTHOWECHHA ABYX CYMMAPHbIX BeH4YHH. OTH CyMMapHble BeJH- 
THHbI B pAwe CydaeB HMEIOT CYleCTBeHHOe 3HaYeHMe Wd XapakTe-— 
PHCTHKH PaCCMaTPHPaeMbIX ABJIEHHH WH COBMECTHO co CpesHeli apui- 
MeETHYCCKOH OOpasyioT cHcTeMy moKa3aTevel, B3aHMHO-YBaA3aHHbIXx 
Apyr c Apyrom. Tak, cpezHiolo 3apmilaTy MbI BbIYHCAeM 10 (bopMyuic 
CpeqHeH apH@MerHyeckoli U3 3apa6OTKOB OTeAbHbIX padounx. B unc- 
AMTeTe cpeqHeh — OHA 3aplaaThi, B 3HaMeHaTee — unCO pabo- 
YHX. OTH BCJIMYHHbI yBAZAHbI B (bopMye cpeqHelt apudmetuyeckoli 
NPOCTbIM COOTHOINUCHHEM, H3 KOTOPOTO, 3Had TBa MOKa3aTeA, MOKHO 
ONPeHeIHTb TpeTHH. Tak, B MpakTuKe M1aHHpoBaHUA No uucy pabo- 
IHX H CpeHelH 3apliaTe ompexemsioT (our 3aplaTbl Kak MpousBe- 
AeHHe MepBbIxX AByxX. Hu Moa, HH MeqvaHa He B COCTORHHH O6ecne- 
4HTb NOMOOHOH YBA3KH Mey NoKasaTesAMu. TlostomMy B ZaHHOM 
BoNpoce cilekyeT MpeANOuecTh CpeHio1w apHdMernyeckyw, 


AHasIOrHuHbIMH coo6paxKeHiaMu PYKOBOJCTBYIOTCH TpH BbIUHC- 
l€HHH CpeqHeH NPOM3BOJHTeIBHOCTH Tpyfa, cpemHeli ce6ecToumoctH, 
a TakxKe CpesHel CKOpOcTH H PARA APyrHx IKOHOMHYeCKHX u CbU3H- 
WeCKHX CPeHHX NOKasatetelH. OTH coo6paxeHua, OAHAKO, HecocToO- 
ATCBHBI, KOra OTHOCHMbIe pyr K Apyry CYMMbI caMH no ce6e He 
UpeAcTaBAAIOT HHTepeca. Tak, BHIYHCIAA cpeAHN pocT no cpegueli 
apH@MeTuYyeCKOH, MbI B UHCJINTeWTe MOJLyYYaeM CYMMY BCeX 3HaueHHit 
pocTa, B 3HaMeHaTee — unco mone. Ho neppaa cyMMa cama no 
ceOe HHKakoro HHTepeca He TpeacTaBsaer. Ilostomy Bprmncaenne 
cpemHero pocta No opmMyvle cpeaHel apudmMernueckoli no_O6HBIMH 
CooOpaxkKeHHAMH OGOCHOBATb HesIb3A, H CCIM OHO BCe 2%xKe YacTO npu- 
MCHAeTCH, TO TO HHbBIM OCHOBaHHAM. 


J[pyroi mpHunnHoh mupoKoro ucnomb30BaHnaA cpeqHenH apudMe- 
THYCCKOH ABJIACTCH €€ POJIb B TeEOPHH TOUHEIX H3MepeHHit. B caryuae 
HeOOXO,MMOCTH TOUHOFO oMpesedeHuA Kakoll-1u60 cbusnuecKol Bem- 
YHHBI (JWIMHBI, Beca, yria HT. 2.) OObIMHO He OrfpaHHYyUBaloTca OAHO- 
KPaTHBIM H3MCPeHHeM, a NOBTOPAIOT H3MePeHHA HECKOJIbKO paz Ws 
TOPO, YTOOB! HCKIOUNTb Heu36eKHO CONYTCTBYIOUIMe HM caryualtnnie 
NOrpewHocTH. TeopHa TOYHbIX H3MepeHuil cuuTaeT, uTO, BbINHCIAT 
CpeAHIOlN apHPMETHYECKY}O 3 Pe3yJIbTaTOB MHOPHX U3MepeHHil, Kax- 
AbId H3 KOTOPbIX OCJO*KHEH CIyYaHHOH OWIHOKOH, MbI nosyuaemM Hai- 
Coulee MpaBHIbHoe NpeAcTaBseHHe O6 u3MepseMoit BeTHUHHEe. 

7lamee cilelyeT yKa3aTb, YTO MaTeMaTHYUeCKan CTaTUCTHKa np 
Gowlee TIyOOKOM aHaJIN3e MaTepHaJla HCMOb3yeT CHCTeMy MOKa3aTe- 
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‘le, OObe2HHEHHbIX OO61IMM MeTOLOM— MeTOOOM HauUMeHoULUX 
KeadpaTos; TepBbIM B PAY STHX NOKasaTerteh ABMIAeTCH CpeHAA 
apH®MetTuyecKan. DTa yBA3Ka cpemHeH apudMerTuyeCcKOH c ApyrumMu 
PaKHEHWIMMH CTATHCTHYeCKHMH MOKAa3aTeJIAMH (MbI MO3HaKOMHMCA 
C HUM B aJIbHeMIweM) TakoKe ABJIAeTCA OAHOH U3 MpwunH wacToro 
HCMOJb3OBaHHA CpeqHeH apudMetuyeckoH. Mbt ykKa3avIu HeKOTOpbie 
OCHOBHbIe MpHUHHbI, KOTOPble BLIABHraloT CpeMHIOIO apn(tpMeTHyeCKyIo 
Ha MepBoe MeCTO B pARy cpeqHuX NoKa3aTeen, ynoTpe61aloulNxca 
B CTATHCTHKe. | 

BularofapaA TaKOMy MOJIO%KeHMIO CpeqHelt apudmMeTHueCcKOH U B 
TeX CJIy4aAx, KOrMa MO CylWecTBy BOTIpoca 6e3pa3IH4HO, KakylO cpen- 
HIOIO MPHMeHUTb, KOrMa HeT OMpPeeIeHHbIX yKa3aHHH Ha Wenecoo6- 
pa3HOCTb MpHMeHeHHA KakOH-s1H60 HHO cpeqHel, ynoTpeOisioT cpen- 
HIOIO apHMMeTHUECKYW. 

SHa4HTeJIbHO MeHbiuee, HO AOCTATOUHO CYLIeCTBeHHOe MpuMeHe- 
HHe wMeeT MeqHaHa. OcoOeHHOCTb MeZHaHbI COCTOHT B TOM, TO 
JWIA €@ BbIUHCJICHHA He Tpe6yeTcCA 3HaTb BeJIM4YHHY Mpu3Haka y BCeXx 
3JIEMEHTOB COBOKYMHOCTH, a JOCTATOUHO TOJIbKO YMETb PaCrOJIOKUTb 
‘QJIEMEHTbI B MOPANKe BOSPaCTaHHA BaPpHaHTOB. ITa OCOGeHHOCTD Je- 
jaeT MejlHaHy MOJe3HOK B Tex cCAy4aAx, Kora TOUHOe H3MepeHHe 
BeJIHUHHbI MpH3HaKa JIA BCeX JJIEMCHTOB 3aTPYAHHTebHO HWJIH He- 
BO3MOXKHO. Tak, MOIbSYACb Me€ZHaHOH, MOMKHO ObICTpO ONnpeseUTb 
CpenHHH pocT OombuIOow rpynnbl Moen, pacnoOvIOxKUB AX No pocTy 
Ha rla3 H H3MepAA POCT TOJIbKO TOFO, KTO OKa3aJICA B WeHTpe We- 
PeHrH. 


Iiiupoko ucnolb3yeTcHh MeqHaHa B IMpaKTuKe CTaTHCTHYeCKOrTO 
KOHTpOJIA KauecTBa mpogxyKunH. IIpu onepaTuBHomM cTaTHCTHYeCKOM 
KOHTpOJle MepHOmH4eCKH Yepe3 PaBHble MpOMeKYTKH BpeMeHu Ge- 
PYTCA MpoOG6bl, COCTOALIHe H3 HECKOJIbKHX 3K3CMIVIAPOB MpPOYKIMH. 
PesyJIbTaTbI 3€Me€POB OTMeUaIOTCH TOUKAMH Ha KOHTPOJIbHOM KapTe, 
rie mo ocnw a6cllHcc WaHo BpeMA, NO OcH OPAHHAaT — UWiKaJla H3Mepe- 
HHA MapaMetTpa. Tak Kak pe3yJIbTaTbI 3€MePOB OKA3bIBaIOTCA Ha 
LuKasie YIMOPAAOUCHHBIMH MO BeIMYHHe MapaMeTpa, To HaxowKeHve 
MeAHaHbl JIA KamKDOH MpoObl MpOn3BONHTcA Ha T1a3, 6e3 BCAKHX 
pacueToB. OTMeyand 3HaveHHA MeHaH Ha KOHTPOJIbHOH KapTe YCJIOB- 
HbIMH 3HaUKaMH HM CJle—A 3a H3MeHeHHeM MOJIOKeHHA Mean Ha 
KaptTe, pa6ounl nNowlyyaeT BO3MOKHOCTb BOBPpeMA OOHAPYXKUTh HauH- 
Halollyloca pa3laakKy Mpouecca uv MpeAOTBPpaTHTbh NOABeHHe Opaka. 

B 9KOHOMHYeCKON JINTepaType 4acTO BCTpeyaloTcA pAb pacnpe- 
eJieHHA, B KOTOPHIX KpaHHve HHTePBaJIbl He OrpaHnyeHbl. Hanpnu- 
Mep, Ta6. 10 comepxKHT pacnpeneteHve unca pa6bounx acoHHo- 
AHTeHHOTO Wexa 3a MapT 1955 r. NO MpOUeHTy BLINOJHeEHHA HOpM. 

B Ta6unue mocleqHHH HHTepBadl He OFpaHHyen (BIpodeM Hu WIA 
MepBoro HHTepBasa rpaHutia OQ sABAAeTCH 3aHHKCHHOH), NMOSTOMY 
BbIUHCJIeHHe CpeNHeroO MpOWeHTa BbINOJHEHHA HOPM NO dopmyvie 
cpeqHew apudMetTuyeckol 30ecb HeBO3SMOMHO. Jia Takoro nogwzcueTa 
NpHWoOch Obl IH60 HCKYCCTBEHHO NpupaBHATh MOCeqHHK HHTepBad 
npewblayuyemy (T. e. cuuTtaTb 200—250), uro uHorga mpHMeHsetcas, 
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HO BeJleT K 3HAYHTCIbHbIM HCKAKCHHAM, CIN B MOCeNHeM HHTep- 
Basl€ CKOHICHTpHpoBaHa OO/IblIad yacTOoTa (3TO Kak pa3 UMee>r 
MeCTO B HallleéM TipuMepe), HOO MpHuoch Obl MpuMecHUT, ApyrHe, 
Coulee CAOMKHbIC MPHeMbI ONpeeeHuA JVINHbI Mocsequero HHTEp- 

BaJla, OCHOBAHHble Ha 39KCTPa- 














Ta6auya 10 NOWAWHH (ACKYCCTBEHIOM ITpo- 
Pose tap niet. fo ea — flOPKEHHH) KpHBOH pacmpe,tc- 
tee anus: Uncao pa6ounx deHus. Mexay Tem Ha raa3 
- | to sO, «TO. MCHAHA corzep- 
KUTCH B UuTepBate (120—- 
i nee 503 150) mw pacuer ee mo dopmy- 
je } 

120 —150 ! 156 ne (2.3.1) He mpegcTaBaset 

150—200 | 180 3aTPYJWHeEHHH. 
sae ote Urax, B pamax pacnperec- 





MN TOTOs 2x 596 J@HHA C HeOMmpenesIeHHbIMH 
TpalHWaMH BbINHCIeHHe Me- 
AMaHbl B OOJIbIUMHCTBe CJlyuaeB pelliaer BOHpoc Oo CpeAHeM YPOBRe. 
Hepeaku TakxKe clyuan, Kora pacnpemetenue coxepxKuT orT- 
ACbHbIC BAaPHaHTbI, TaIe@KO OTCTOALLMe OT OCHOBHOH Maccbl C1ygaes. 
Takoe sBaeHHe Ha6slOqaeTCA, HanpHMep, MpH ompenenenHH HOpM 
PacxOfa BpCMCIIM Ha TY WIH HHVIO NPOH3BOACTBeEHHY!O OMepallnio i 
BO MHOrHx Apyrux Bompocax. Baruncawenue cpeaHeli apudmeruye- 
CKOH MOKEeT TOra MPHBeCTH K He€HANe€KHbIM Pe3ysIbTaTaM, TaK Kak 
PbULAIOWINeCA BAPHAHTbI OKA3bIBAIOT CHJIbHOC H B 3HAUHTeIbHOM cTe- 
NeHH CyyalHoe BJMAHHe Ha pe3ybTaT. McksouvenHe TaKHX «COMHH- 
TeJIbHbIX» BaPpHaHTOB H3 NoscyeTa, KoTOpoe HHOra MpHMeHAetTcA Ha 
MpakTuke, MpHeBOAUT K HcKawKeHHaM. MenuaHa xe, O4eBHAHO, He 
3ABHCHT OT TOrO, Kak JaJIeKO OTCTOAT OT OCHOBHON Maccbl CTy¥aen 
HCKJIIOUHTCJIbHbie BapHaHTbl. TlosTOMy BbIMNCIeHHe MesMallbl 3acs1y- 
*KURACT B TAKHX CJ1y4aAx TIpewMouTeHHs. 


J{aeKO He BCC KOVIHYCCTBCHHBIC MIPH3HaKM H3MepsIOTcCA TBCPAOli 
H OOINeNPH3HaAHHOH e/HHUUeH H3MepeHHA, T. @. ABJAIOTCA BeIHUNHA- 
MH B CTpOroM CMbIcle copa. Bawa, KOTOPbIM ONeHMBAeTCH BeIHUMHA 
3€PpHa MHKPOCTPYKTYPpbl MeTaJI1a, HH OaJl HEMeTAJWJIMYeCKHX BKJIIO- 
YEH B CTA, paspay, pasoyero B TapHHoli ceTKe HT. I. CélyKar 
IIpHMe€paMH TaKMXx IMpPH3HaKoB. 


Samava TaKUX MpH3HaKOB CKOpce B YCTaHOBACHHH MOpAaKa, HO He 
B TOUHOM H3MepeHHH. Mbl He MOKeM, HalpHMep, yTBepxKaT, 
UTO TIPH OWeHKe BeJIHUHHbI 3cpHa Oas1 S Tak Ke OoTHMYaeTcA OT 4, 
Kak 3 oT 2. Mbl ropopHm ToJbKO, uTO 5>4>3>2. Enunuua u3Me- 
PeHHUA NPH3HaKa 3/leCb H€ 9KBHBAJeCHTHa CaMOl ceO6e Ha pa3HbIx 
yuacTKkax wkabl. Ja Takux mpH3HakoB MeqHaHa B HeKOTOpbIX 
OTHOLICHHAX HMeCT Oovlee OMpeesIeHHbI CMBIC, UCM CpeAHAA apui- 
MeTHYeCKad. Tak, eCJIl H€CKOJbKO H3MeHUTb CHCTeEMY 3TaOHOB, KO- 
TOPHIMH Olpesleisetca Oat TakKHM OOpa30M, 4To Oana 4 Mpn6au- 
3HTCH TO CROCMY Ped. IbHOMYy 3HaYeHnio K Oaly 5 UW OTMaJINTCA OT 
Oatia 3 HT. J., TO O6pa3zeu, 3aHHMaBLIHT MCCTO M@/HaHBI B cTapolt 
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CHCTeMe STAJIOHOB, COXPAHUT 9TO MeCTO B H3MCHEHHOHM CHCTeMEe; B TO 
Ke BPeMA OOpasell, KOTOPHIi 3aHMMaJI MeCTO cpenHeH apudMetTHue- 
CKOH pHa, OKaxKeTCA Tellepb BbIIMe WIM HHKe CpeAHEMO. 

Pe3iomHpyeM: MeqvaHa — CpeHAA, OCHOBaHHad He Ha BeJIMUHHE, 
a Ha opsgke BapvaHTos. IlosTomy B Tex CJlyuanx, re MbI He yBe- 
peHbI B BeJIM4HHe, HO rapaHTHpyeM MOpAAOK BapwaHToB, CJlenyeT 
nmpH6eraTb K Mefuaxre. 

Mona, Kak HanOovlee 4acTO BCTpeyalollaica BeMUHHA, BCersa 
IpeACTaBAeT CAMOCTOATCJIBHbIM HHTepec MpH HCC/e€qOBaHHW MaTepH- 
ajla H€3aBHCHMO OT BbIYHCJIeHHA APyrux CpeQHHX. Bbl4ucleHHe MOBI 
OcoO6eHHO CYyLIeCTBEHHO B He€CHMMeTPHUHBIX pAax PacripeAevleHHA, 
KOPMa OHA MOKET CHJIbHO OTIMUATbCA OT APYrHX CpeHHX. 


§ 6. MPOBJEMA H3MEPEHHSA KOJIEBJIEMOCTH. CPEHEE 
ABCOJIOTHOE OTKJIOHEHHE, CPEXHEE KBAXPATHYECKOE 
OTKJIOHEHHE, PA3MAX H KOS®@HILHEHT BAPHALHH 


Bropoi ocHoBHOH mpo6JleMoH, KoTOpad pelllaeTcA C MOMOIIbIO 
DANOB pacmpeseeHHA, ABJIAeTCA NMpoOseMa H3MepeHHa KO1e6J1EMO- 
CTH mpu3Haka. TloscHuM ee cogepxkanve Ha mpumepe. IloKxasarevu 
BbINOIHeHHA MWiaHa JIA ABYX IpyMN MpeANPHATHU BbIpaxKaloTca 
CJIeCAYIOWMMMH YHCaMH: B MepBor rpynne — 80, 90, 100, 100, 110 u 
120%; Bo BtTopoit rpynme — 95, 97, 100, 100, 102 u 106%. Mbt sBu- 
MM, 4TO 9TH MOKasaTeIH B KaxkMOH pyle kKONeOMOTCH BOKpyr 
omHoro u Toro xe ypoBHaA 100%. | 

OyHako B TO BpeMA Kak BO BTOPOH rpyrine OTMeMbHbIe MOKaszaTe- 
JIM BeCbMa GJIM3KO MPHMbIKalOT K CpeQHEMYy YPOBHIO, MOKa3saTevH 
nepBol IpyMMbl OTMMYAIOTCA CHVIbHOM M3MCHYMBOCTbIO WIM Ko1e0- 
jleMocTblO, Dro ABseHve — 6obuleH UNH MeHDbINeH KOMeOMeMOCTH 
BapHaHTOB BOKPyr cpeHeroO yPOBHA— HMeeT OCHOBHOE 3HaveHHe 
BO BCeX IIPHJIOKCHHAX CTATHCTHYeECKOrO MeTOa H B ero TEOPHH. 

IIpupezem MpHMeppt: 

1. Tlepeg HauIvMH NPOMDBILIJICHHbIMM TIpeANPHATHAMU CTOHT Baxk- 
Hand 3amava JOCTHXKeHHA paBHOMepHOrO, PHTMHYHOTO XOja BbITIO.I- 
HeHHA IlaHa MO BbINyCKy MposyKuHH. Koutpoub Hay ee OCYLICCTBJe- 
HHeM TpeOyer pacueTa NoKa3aTewleH, CMOCOOHbIX H3MePATb CTeMeHb 
HapylleHHA Ha TeX WIM HHbIX yuaCTKaX MPOH3BOACTBa XOa PaBHO- 
MepHOrO BBINOIHeHHA IllaHa, — moKasaTeelt Koue6slemoctTu. IT]o- 
CTpoeHve TaKHX MoKasaTejeH ABJIAeCTCA 3amauelt IIPOMBILJICHHOM CTa- 
THCTUKH. 

2. Bninyckaa TOT WIM MHOM BUA MposyKWMH, npesmpuaTHe oOa3a- 
HO CTporo cO602aTb yCTaHOBJIeHHbIe CTaHapTbl KavecTBa MPOAyk- 
uHu. Co6mloLaTh CTaHapTbl — 3TO 3Ha4HT He TOJbKO MOALepXUBAaTb 
CpeqHHt ypoBeHb KauecTBa MpOAyYKUMH Ha COOTBETCTBYIOWIelH BbICO- 
Te, HO HM CJICQUTb 3a TEM, UTOObI KOJIeEOJIEMOCTb OTZCJIbHbIX OOPa3slOB 
MpOAyKUMH MO TCM WIM HHbIM BaXKHBIM NPpH3HaKaM He IIPeBOCXO- 
WWJla yCTaHOBJIeHHEIX NMpezetos. KOHTpOb Hal BbIINOJIHeHHeM 3TOH 
galauH TpeOyeT pacuera cielHasbHbIX MoKasaTeleH KkOvIeO/IeMOCTH 
KavecTBa NpOAyKUMH. 7 
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3. Crena 3a Mpoweccamu pocra mpousBonuTenbHocTy Tpywa Ha 
IIPEMIPHATHH, Mbl HHTepecyeMCA He TOJIbKO ABW2KeHHeEM cpeqHero 
YPOBHA BbIPaOOTKH pa6ouHX, HO HM MoOKa3aTeTaMn, XapakTepH3ylo- 
IMMMH kKOJIeOvIeMocTb pa6ouvx no BEIpaborKe, JlocrwKeHng OTJICJIb- 
HBIX H€PeCAOBHKOB MPOW3BOACTBa MOBbIMWAaIOT CpeAHUlt ypOBeHb BBI- 
paoorkH HM OHOBPeMeHHO yBeHUHBaIOT KOwIe6.s1eMOCtTh. Tlograru- 
BaHHe OCHOBHOH MaCCbI K MepeOBbIM peKOPAaM yBeAMUMBaer cper- 
HHH YPOBeHb H OQHOBPeMeHHO COKpalilaeT KOe6seMOCTH. 


Pa3ivuus, cyUlecTByIOlve MexLy paOouuMu no mpousBogHuTenpb- 
HOCTH Tpya, CBA3aHbI C UX KOMeOJIEMOCTbIO NO KBamHuKalHy, TIpo- 
HSBORCTBCHHOMY CTaKy M ApyruM (cbakTopaM Mpon3Bo_uTebHocTi 
tpyna. Tloctpoenue noka3atesel Kome6memocTu WIA BapbupylOulux 
NPH3HAKOB ABIACTCH BaKHeHWUeH 3anauel cTaTucTuky. 

Ha puc. 6 npuBezenbl KpHBble pacnpeserenna po IIPOH3BOACTBEH- 
HOMY CTaKy JByX rpymn paGounx. | 


B Kako rpynne Kosme6memoctp paOouux mo craxy 6opbure? 
KpyHBaa pa6ounx BTOPOH rpynimbl uMeer Ooublee MpoTaxenue Ha 
OCH aOcIlHCc, OHa 3aXBaTHIBaeT OouIbINee KOHUeCTBO PAZAUYHOLX Ba- 
PHAHTOB, Y€M KpHBad pabouwx neppol rpynnp. Ecan pa3Max pac- 
CeAHHA NepBOH KpHBOoH or O—23 «set, To pa3Max paccesHHA BTOpolH 
KPHBOH OT 5—35 steT. Orciona acHo, uTO Kome6semMocTh aHHOoro 
NpH3Haka OOJbUle BO BTOPoli rpynne padouux, vem B MepBoH, Tak 
Kak Ce KPHBad pacipeseeHuaA Ooslee paccesHa mo ocu a6cuucc. 


Hirak, paccesnue xpueoii pacnpedenenun no ocu aOcyucc AeAR- 
CTCH NOKA3ZATeACM KOACOAEMOCTU NpU3sHaKA: “em OoONECE paccesni 
Kpu6an, TEM OOAbUIE KOACOAEMOCTH NpUsHaKa, 

Mbt BHAeIM paHee, YTO MePBbIM .H OCHOBHBIM CBOLCTBOM rpaduka 
PacnpeAeseHHA ABJIACTCA ero NOAOMeHUe Ha ocH abcuucc. Jaa ToU- 
HOH OWe€HKH STOTO MOJOKCHHA PaCcCUHTHIBalOTCA OCOObIe MOKa3a- 
TCJIH —~ CpCHHHe BeJIMYHHbI, HAaNPHMeP: cpeaHAA apndMeruueckag, 
MOa, Me HaHa. 


BropbIM OCHOBHbIM CBOticTBOM rpaduka pacnpeszesenna sBaA- 
eTCH ero paccesxue no oc a6cuncc. TloKaxem, Kak paccuHTbIBa- 
loTca NOKa3aTemu paccesHua. Ilyctb MecauHbI 3apa6oTOK wecTH pa- 
OO4HX BbIpaswica B CyMMe (cTom6en 2 Tabu. 11). 

















TaGauya 1] 
Pa6ounit | ae ae | lx—x | 
| 800 0 0 
2 800 0 0 
3 760 —40 40 
4 840 40 40 
) 780 —20 20 
6 820 +20 20 
Mroro... 4 800 0 120 
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Cpeanni 3apaooToK paBeH x= -- == 800 py6. 


S3apa6oTkH OTAeTbHbIX paboux pasMUaloTCA MexAy coooh — 
xone6lloTca. O BerMunHe STO KoNeOJIEMOCTH MOXHO CYTMTb NO 
OTKJIOHCHHAM OTIGJIbHbIX 3apaOOTKOB OT CpeAHETo. CooTBercTBylo- 
Ile OTKIOH@HHA BHIGMCeHbI B CTOTOUE 3 ra6a. 11. UroObt nowy4HTb 
NOKa3aTeb KOJICEGJIEMOCTH, CCTCCTBEHHO B3ATb CPeTHIOLO apudMmerTH- 
YeCKYIO H3 GOCOAMOTHOIX BEHMYHH STHX OTKIOHeHHH (O4eBHIHO, Hac 
UHTepecyeT 3feCb aOcOJi0oTHaH, a He anre6panueckad BeJIHYHHa 
OTKJIOHeHHA; areO6panyeckan CYMMa OTKNOHEHHH oT cpeqHel apud- 
MeTHUeCKOM, KaK Mbl JOKaxKeM Jaiec, Bcerwa PaBHa HYJII0) . 


B crom6ue 4 TaOAHUbI WaHbl aOcoJIOTHbIe pasMepbl OTK.IOHCHHH, 
H3 KOTOPBIX H pacCUHTbIBaeTCH CpeAHAA 


TlowyueHHbI §=mOKa3aTeJb KOMeOMEMOCTH Ha3blBaeTCA cpeOHUM 
QOCOAIOTHbIM OTKAONeHUeM HM OOO3HAUAeTCA 6yKBoli @ (Tata). Ero 


dopmyvla 


Sle—x| 


e= (2.6.1) 





n 


[loxasaTeib © uMeeT pasMePHOCTD Ty Ke, UTO H BapHaritpl lIpu3- 
waka. Tak, B Haluem mpHMepe O=20 py6. IIpu Bbluvicienun CTO 
6e 3 B Ta6m. 11 MOxKHO, pasyMeeTCA, ONYCTHTb U MHCaTbh cpa3y 
A6cOMIOTHHIe OTKOHeHHA. Onepallna oTOpacbIBaHHa 3HaKOB Ip OT- 
KNOHEHMAX HMeeT CBOH HeyZo6cTBa. baaroqapaA HCKYCCTBCHHOMY Xa- 
paktTepy 9TOl olepallHn MaTeMaTuyecKHe CBOMCTBa NokasaTeJlA 0 
ABIAIOTCA BeCbMa CJIOXKHBIMH, UTO WeMaeT ero MCnOb3OBaHHe He- 
yROOHEIM IpH Gosee AeTaIbHOM H3yyeHn matepHata. Iloatomy & 
MaTeMaTHuecKoH cTaTHCTHKe OTAaloT MpewnouTeHe ypyromy Cilo- 
co6y ycrpaHeHHa 3Haka, a HMCHHO BOSBECHHIO KaKAOFO OTKJOHCHHA 
Bs KBadpaT. Bepax 3aTeM CpeAHIOIO apudMeTHYecKy!0 U3 STUX KBapa- 
TOR HU M3BuleKand 3 Hee KBawpaTHbIM KOPeHb, MBI NpuxoqHM K Tak 
HagbiBaeMomy cpedHemy KeadpaTuueckomy OTK AOHEHUIO. 


@opmyia cpeqHero KBampaTHYecKoro OTKJIOHCHHA 


cay ES, (2.6. 2) 
n 


rae o (CHrMa)— 3Hak ¢epeAHero KBapaTH4ecKOrO OTK/OHEHHA. 


CxeMa BbIYHCIeHHA O aha Bp Tao. 12. 


BO 
3. O. YM. Jlyxomexult 
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Ta6auya 12 
Xx x—x (x — x)? 
ie Ae A 
~ 800 o | 0 
800 0 0 
760 _40 1 600 
840 40 1 600 
780 —20 400 
820 50 400 
Uroro 4800 | 0 | 4000 
x= = = 800, 


6 = 1/2 = 667 = 25.8. 


O, Kak H ©, HMeeT Ty Ke Pa3MePHOCTh, YTO HM BapHaHTH! NpH3Haka 
(B Hallem puMepe o=25,8 py6.). 

IIpeuMylmectBa o nepex O npw MaTeMaTHYeCKHX BbIKMAaNKaXx co- 
CTOAT B TOM, UTO TIPU NOCTPOCHHH IMepBoro HCNOVIB3SYIOTCA JIHLIb 
ajireOpawueckve Ofepallun: ClOwKeHHe, BbIUHTAaHHe, meeHHe, yMHO- 
*KEHHE, BOSBECHHEe B CTeleHb H W3BeYeHHe KOpHHA. Tlostomy mate- 
MaTHYeCKHe CBOHMCTBa STOrO NOKa3saTeIA 3HaYHTeAbHO Mpoute!, uTo 
CKa3bIBaeTCAH B PAE BONpocoB (HaNpuMep, Npw OGbeAMHeEHUN COBO- 
KynHocTeH, cM. § 9 rviaBbl 2). Kpome Toro, o, Tak Ke Kak M X, IpH- 
HafllexKNT K CHCTeEMe NOKasaTelel, yBA3aHHbIX OOUIMM MeTOIOM — 
M€TOROM HaHMeHbIUMX KBajlpaToB (§ 8 rataBpr 2). 

Ilo STHM MpHYHHaM OCHOBHBIM MOKa3aTeeM KOme6NeMOCTH B 
CTaTHCTHKe TIPHHATO CUHTATb CpefHee KBagpaTHYecKOe OTKIOHe- 
Hue — Oo. I. 

PesyIbTaTbI BbIYHCICHHH B MocMemHeM mpuMepe MOryT ObITb 
3anmHcaHbl B Bue 


x==x +5== 800 + 25,8 py6. 


OTa 3allcb B CKAaTOM BHJe Nepemaer OCHOBHBIe CBOLCTBA pana 
paciipeweeHHa: CpeHHH YPOBeHb IIPH3HaKa HM FpaHUllbl cpenHeili 
KOJIeCOJIEMOCTH BOKPyr 93TOFO ypoBHaA. 

Ilo dopmyse (2.6.2) mpi BbIunCAHeM oO JIA HeCepynnupOBaHHolx 
MaHHbIxX. Ona Ha3blBaetTca npocroii. 

IIpu BEUMcIeHHH oO JIA pxAOB pacnpezetenna HCnOJIb3yeTCA 
MOPMyla B36eWeNHOL o 


om y/ Beaahe, (2. 6. 3) 
im 


rye m — peca (uacToThi). 


1 STO, KOHEYHO, He 3Ha4HT, 4TO pacueT ¢ Npole, 4eM pacuet 9. 
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TIpHMep BBIYHCIeEHHA B3BELICHHOH o AIA JIMCKPeTHBIX pAOB 




















pacnpeyevleHHaA: 
Ta6Gauya 13 
Sapnaata Unca10 - : 
pa6o Pi pacones mx (x—x) | (x~x) (x—x)?m 
—_——— 
500 - 10 5 000 —190 36 100 361 000 
600 20 12 000 — 90 8190 162000 — 
700 40 28 000 10 100 4 000- 
800 30 24 000 110 12100 363 000 
Utoro.. 100 | 69 000 | | | 890000 | 
— 69000 
x= =e 
100 oy 





890 000 Bann 
a= Vf 0 _ 8000 = 94,3, 


x = 690 + 94,3. 


B cayyae HHTepBabHOH opMbl pxAyOB pacnpenenenua B BBI- 
UHCEHHAX YUACTBYIOT LeHTPbI HHTepBavios (T. e. pax npespamlaercs 
B JHCKpeTHbIh), HampuMmep: 


























Tao6auya 14 
Ynecaro _ | 
Sapnaata panes HX x xm (x~—x) (x —x)2 (x—x)9m 
a ee 
600— 700 5 650 3 250 —190 36 100 189 500 
700— 800 10 750 7500 | — 90 8 100 81 000 
800— 900 20 859 17 000 10 100 2 000 
900— 1000 15 950 14 250 110 12100 181 500 
Utoro 50 | | 42 600 | | | 445 000 
— 42000 
x= so = 840 py6., 
00, 
gaa If 5000 0 = 94,3, 
x = 840 + 94,3, | | 
3* | 38 
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_. [Tpaduueckn o w3s06paxkaetca B BHe OTpe3ka Ha ocu aOCclMCc, 
KOTOpbIi OTKMabIBAacTCH B OS CTOPOHL! OT TOUKH X. OTOT OTPe30K 


MOMKHO OTJOXKUT HECKOIbKO pa3 B OOe CTOPOHbI OT *%, HM TOra OCS 
aécuucce OyneT U3MepeHa O KaK HOBOH eHHHUeH W3MepeHHa. 

SaMeTHM, YTO B TeOpeTHYCCKUX (bopMylax oO uacTO BBICTyNae7 
BOSBeAeHHOH B KBazpaT. Ilo sTOH mpu4HHe WesecooOpa3Ho MPHCBONTb 
os? ocoboe HaHMeHoBaHHe — Oucnepcun. JlucnepcHs, OYCBHAHO, TaK- 
Ke ABIACTCA MEPOH KOJeOeMOCTH IIpH3Haka. Jor Ke TePpMHH «/LHC- 
MepcHa» yNoTpe6videTcCA, KaK MbI BHACIM paHee, H JIA o6o03HayeHHA 
camMoro CBOHCTBa KOsleOJIeMOCTH. 

Jlaa rpy6o OpHeHTHPpOBOYHOH OWeHKH Be! paccesiHWAa BbI- 
UHCAAeTCA pasmax. PasMaXOM Ha3bIBaeTCA PaSHOCTh MexKy HaHOOulb- 
LIM WM H@MMCHbIIMM .3HaveHHAMH MpvsHaka B PAT HaGJNOeCHHH. 
Tax, min WpumMepa (cm. TaO1. 12) HaHOoublWee 3HateHve NPH3Haka 
OKa3alocb '840, Haumenbutee 760, oTCIOMa pa3sMax 


R = 840 — 760 = 80. 


Pacuer pa3Maxop 6/laroxapaA CBOeH MpocToTe NOAH WHpOKOe 
pacnipocTpaneHHe Mp MpexyMpeAUTeIbHOM KOHTpowle KauecTBa Mpo- 
AYKUHH MaJIbIMH BbIOOPpKaMH. 

Cpeaee KBampaTuyeckoe HM CpefmHee aOCOJIIOTHOe OTKIOHCHHA, a 
Take Pa3MaX ABJIAIOTCA PpaSMePHBIMH MOKasaTeJAMU KOJIe6JIEMOCTH 
pu3sHaka..Ouv BbIparkawoTca B TeX 2%Ke CAHHHWAX, YTO H BapvaHTbl 
npu3suaka. B page calyuaep momeseH pacueT OespasMepHoro NOKasa- 
TeNA KONe6semoctu — Koa@@uyuenta sanuayuu. KoasppuyvenTom 
BapHalluH Ha3bIBaeTCH OTHOWeHHe O° K X, OOBIMHO BbIparwKaeMoe B 
rpOleHTax 

i 


v=—-, um Vv=100— %. (2.6.4) 
“« x 


Jina mpuMepa B Tao. 14 
re a? 94,3 
: Uo = 0112, v= lt,2%. 
| : 840 ame 
| 
q7. YMPOULEHHbIA CMOCOB BBINHCJEHHA x u s 


Brurucnenve X HW O MOXKHO 3HAaUHTeIbHO YNPOCTHTb, CCH BOC- 
TOJIb30BaTbCA HEKOTOPLIMH 3JIEMCHTaPHbIMH CBOHCTBAMH 93THX TMOKa- 
3aTeleH. 


CBOFICTBO! 


Ecsu pce uacToTa! (Beca) yMHOXHTb Ha OHO H TO me YHCIO, TO 
X Wy O He H3MCHATCA. 
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Tloka3aTeIbCTBO OUeBHAHO H3 paccMOTpeHHaA (opMyw. AWA B3Be- 
WIe@HHEIX MoKasaTeen: | 


—  Yxm Yix—x)2m * 
x= ; o¢= pa aces 
Lim : “Im 


Ecau pce BeCa 7 YMHOXKHTb Ha MOCTOAHHOe UHCIO k, TO ato. 
uHcJIO BbIfleT 34 3HAK CYMMBI B UHCINTeMe H 3HAMeHATCIE cbopMyJ Hi 
coxpatutca. H3 cBolicTBa I cnenyet, uTO Mp BbIMHCICHHN x. Ho 
MOXKHO TlOsIb3OBATbCA OTHOCHTEIbHBIMH TaCTOTaMH BMECTO aOcouIOT- 
HEIx. [IpH 9TOM pe3yAbTaTbI HE H3MCHATCH. + * _ 





CBOMCTBO Il 


Ecau pce BapvaHuTbl NpH3Haka YMHOMKUTb Ha OHO HW TO KE YHCAO. 


To X YMHOKUTCH Ha 3TO YHCO, a O YMHOMUTCA Ha a6cOMIOTHY!IO Be- 
WWUHHy 9TOFO YHCVTa. 


Jloka3aTeIbcCTBO 


Tlycrs k —uncno (MonomuTebHOe WIM orpuuaTesbHoe), Ha KO- 
Topoe YMHOxKAaIOTCA BCe BapHaHTHl. 
Hopnie BapHaHTH 2=kx, HOBaA CpeqHAA apudMeTHuecKaa 
= Lz LRX =x = 
2= =—k—— =kx 
n n n 





H HOBOe CpeHEee KBadpaTHuecKoe OTKJIOHCHHE 


anf eT = Sexes? [Ga 
-. n 7 n 3 n = 
Tea 
=e y/ FE = iis 


CBOMCTBO III 


Ecm Ko BCeM BapHaHTaM MpHOaBuTb OAHO H TO %Ke NHCIO a, TS 
X yBeIHYHTCA Ha a, a oO OcTaHeTCA 6e3 H3MCHEHHA. . 


WlokasaTe€AbcTBO 
Iyctb 2=(x-+- a), Toraa 


— X(x+a) Lx xa 
a gee YH 
) n n n’ 
HO 
n pa3 
(A TON, 
rx —_ Ya a+a eoo+ta na | 
Bea 2b ee ee ee, 
nh n rn 4) 
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CACMOBATEIBHO, Z= x + a: 


6) gay/ i ee 
i 
a 
ee Fe eee. ee 
} nt 


Csoitctsa II » III noxa3aupi WIA HEB3BeLIeCHHbIX x Ho. Untatectio 
PEKOMCHAYCTCA MPOBECTH MOKA3ATEIbCTBO JIA B3BCIICHHBIX xX HG, 


CBOHCTBOIV 
/\ucnepcua paBya cpeqnemy KBalipaTy MMHYC KBazpat cpeguelt 


Dx? — 
o? = : — (x)? 3 (2.7.1) 





Hl WIA B3BEIUeCHHbIX MOKa3zaTevlelt 


gy (2.7.2) 


Lm 





WokasaTedperBo 


HloKxaxem opmysty (2.7.1); dopmyaa (2.7.2) moKa3piBaetca 





aHaJIOTHYHO 
a L(x — x)? = Lx? — £2Kx Bim oO 
n n n mo ° 


Bo BTOPOM wWieHe BEIHOCMM NocTosHHoe 2x 3a 3HaK CYMMEN 


YIxx = WE x. 


B TpeTbeM WieHe OJ 3HaKOM CyMMbI MOcTOMHHOe (x)? noB- 
TOpAeTcA 2 pas. CnegoBaTenbHo, D(x)? =n (x)?. 





OtTcp sa 
rx? oe n(x)3 Lx? ss Es 
3 5; 2k ep oe 2 (4)? eS 
rx? -- . 
= i —_ (x); 


uTO WH TpeOyeTcA WOKa3aTb. 

Tlocaequee CBOHCTBO MO3BONA€T 3aMCHHTb pacuerT KBajIpaTos 
OTKIOHEHHH OT CPeHeH BbIYHCJIEHHEM KBapaTOB CaMHx BapHaHTos, 
WTO BO MHOFHMX CJly4aAx 3Ha¥HTebHO Mpotie. 

IIpupegem mpumep. 
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TIyctb fa: 5, I, 3. 
Haiitn o AByMA Choco6aMH: Mo OCHOBHOL hopmyse (2.6.2) u 
mo dopmyste (2.7. 1). 





Tleppyk cnoco6 Bropodk cnoco6 
Ta6auua 15 Ta6auya 16 
x x—x (x= x) x 5 
3 2,25 5, 0625 +) 25 
l —1,75 3, 0625 1 1 
3 0,25 0,0625 3 9 
ll aenaa | 8, 7500 _ “A 39 


Hi310x%xKuM Tellepb YNPOLeHHbIi cmoco6 BBIYHCIeHHA x HG, OC- 
HOBaHHbIM Ha cBolcTBax I—IV HacTonllero Naparpada u Henocper- 
CTBCHHO MPHMeHHMbIM K PARAM PpacnpemeJeHHA C PaBHbIMH HHTep- 

- BaJlaMH. | 

PaccmoTpuM mnpumep. IlycTtb waHo pacnpezeneHHe pa6ounx mo 

gapliiate (MepBble yBa cTo16ua Taba. 17). 











Ta6auya 17— 

Sapnaata Uvcao 3 
pa6ouero pa6ounx - | Xx | mx mx 

600— 700 D 650 1 —), oes; 4 
700— 800 10 750 2 ja | a), 9 
800— 900 20 850 4 0 0 0 
900— 1000 15 950 3 1 3 3 
Mroro... 50 10 | _} 9 














LleHTpbI MHTepBa0B 3aNHCbIBaeM B cTol6ue 3 TaOHIUBI. 

TIpexkge Bcero COKpalllaeM 4aCTOTHI B 5S pas; CoracHo ceolicTBy I 
9TO He OTPasHTCA Ha X H O. SamucbIBaem Beca ™ B cTONOHe 4. 3a- 
MeHseM [lepeMeHHoe X HOBbIM Xx’, KOTOPOe CBA3AHO C MpeKHim COOT- 
HOLICHHeM. | 





uses | (2. 7.3) 


rae i— inna HHTepBaaa (B HawleM UpHMepe 7= 100); 
C’ — HOBOe Hatdaao oTCUeTA, KOTOPOe OObI4HO Buloupaem BOAH3H 
.W@HTpa pAga (B HalieM mpuMepe mpHmMem C = 850). 
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SHayenHa x’ 3anHcbipaem B cTowOue 5. (I]paxtuyecku MbI 3amn- 
CbIBaeM UHCa x’, He BhIUHCIAd UX To PopMysie (2.7.3), a Mpocto 
cTaBuM «0» MpoTHB Kakoro-To 3HayeHHa x=C Hu famee B CTOPOHy 
BOSPacTaHHA BapNaHToB muliem |, 2, 3.., B CTOPOHy yObIBaHHA Ba- 
pHauTos: —l, —2, —3...) 

Hasee npov3BosuM BhIUHCeHHe CpenHelt apudMernueckoHn H 
cpeqHero KBaMpaTHYeCKOrO OTKIOHEHHA JIA HOBbIX BaPHaHTOB Ms 
Ilia 9ToH weln B cTol6ne 6 3anucbIBaem mpousBemeHuA mx’, B 
cTo16ne 7 — nponsBeneHug mx’, BaruncJisem 


x= — yp =— Ol, t= (0,1) ~0,1)?= 


= ]/ 0,9 — 0,01 =0,943. 


Jia toro uto6bl nepeliTH K cpeqHeH apHdMeruyecKOH HW CHrMe 
NP@EKHHX BapHaHTOB, NONWb_3SyeMCcH (OPMYy.1aMH NepeBoya: 


eae (2.7.4) 
o==o'el, ; (2.7.5) 


B HauleM TpHMepe 


x == — 0,1-100 + 850 = 840, 
3 = 0,943-100 = 94,3. 


Mbt NpHuLin K TeM Ke 3HaveHHAM, KOTOPbIe OblIn panee MoNy- 
YCHbI MPAMbIM CNOCO6OM. 

IIpupogiimM oKasaTepctBo dbopmya (2.7.4) u (2.7.5). 

M3 cootuomenua (2.7.3) HMeem: 


Ko Xi +C, 
Ha ocnopannn cpolicts II u HI orctoga caenyer, uTo 
= Xi +C un oo’. 


B page cly¥aep yipolweHus, OCHOBaHHble Ha cBolicTBax II—IV, 
MOryT ObITb TipHMeHeIIbl K COBOKYMHOCTH HeCrpyNMMpOBaHHbIx aH- 
HbIX. Tak, oO OObIMHO MpeMMOUTHTeMHCe BHIYHCIATS TO cbopmyue 
(2.7.1), HexeH m0 ocHOBHOH dopmysie (2.6.2). Ecau muoro3Hau- 
Hble BapHaHTbl OTJIMGAIOTCA MeKAY cOOOH JIHUIb B NOCTeMHHX 3Ha- 


Kax, TO liewecooOpa3HO Mp BbIMHCIeHHH x vu oO TepBble WHDpb 
oTOpocHTb, a NOTOM pesy/IbTaT ucMpaBuTb. Hanpumep, Benuunna 
WMaMetpa Walltpbl OcH BbICOTOMepa OKa3aJaCb PaBHOH y HeCKOJIBKHX 
o6pa3uoB aToli netamu 2,974; 2,980; 2,966; 2,973; 2,975; 2,984. Tp 
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BLIYHCICHHH X H O MO?KHO HCIOJIb30BaTb _ ene moat eg 
: 84. I]pu 9TOM K - 

3TuxX BapuaHTos: 74, 80, 66, 73, 75, 84. 

Seece HyKHO 6yfeT NpHOaBUTb YHCIO 2,900, a o ocTaHeTcs 

6e3 H3MeHeHHA. 


§ 8. HYJIEBOE H MHHHMAJIbBHOE CBOHCTBA CPEJIHEH 
APH®METHYECKOH 


B wacrostiem maparpade MbI AoKaxKeM Ba OCHOBHDIX CBOHCTB&: 
cpeqHen apudmeTHyeckon. 


I CBOHCTBO (HY JIEBOE) 


Cymma OTKAOHeHUL OT cpeOneti apudmeTuxeckou pasHa eae 

Mpumep. B ta61. 18 B crom6ue | yKka3aHbl 3HAaveHHA X, B cTrom6ue 
9 — ux OTKIOHeHHA OT CpeqHel apHMeTHUECKOH, erKO IIpOBepHTb,. 
uTO CyMMa MOC/IeqHHX paBHa HyvIlo. 

















Tabauya 18 
= —4)2 —§ x-—§6)? 
oy 
4 
3 9 4 | 16 2 
5 0 0 ] l —1 
4 —| 1 0 0 —2 5 
3 —2 4 —1 1 —3 - 
4 —|1 ol 0 0 —2 ; 
6 1 1 2 4 0 
pee eee ements, renee seen eae ara 
5=30 0 | 16 | | 02 | | 22 
0 


Fea 
Xo =5 
6 


Tloka3saTeabcTBO cpBohctsBa I 
D(x — x)= hx — Sx, no Lxaenx (rax KaK x=—) ; 
Dx =x 
(Tak KaK MO, 3HaKOM CYMMbI NOcTOAHHOe xX nopropnerca n pas). 
Crexopaterbno, E(x — x)= nx —nx=0. 
Il. CBOHCTBO (MAHUMAJIbDHOE) 


Cymma KeadpaTos OTKAOHeHU OT cpeOHel apudmeTuuecKkou 
MeHoule, 4em CYMMA KeaOpaTOe OTKAONENUUL OT atroboz0 Opyzoz0 


GuCAQ. 
| 41. 
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IIpopepum Ha nmpuMepe. B crom6ue 3 ta61. 18 mane KBagparnl 
OTKIOHEHHH OT x=5, Ux cymma pasua 16, | 
B crom6ue 5 nant KBaXPaTbl OTKOHEHH OT a=4, CyMMa paBHa 


B cto6ue 7 qaHbt KBaxpatet oTKIOHeHHT, oT b=6, cyMMa pas- 
Ha 22, 


CymMa KBapaTOB OTK/JIOHEHHA OT x OKAa3aach MCHbIUeA, “em 
CyMMa KBalpaTOB OTKJIOHeHHH OT YnCNa a< xX MOOT UNCAA b> x. 


Jlokasateapcerso cpBohctBa I] 


O6osHayum uepes f cymmy KBalpaTOB OFKIOHEHHH BaplaHTos 
(OT uHcla C M OyNeM MCKaTb 3HaueHHe Cc, KoTOpoe o6paulaeT yux- 
uHi0 f B MHHAMyM 


f= (x —c)? = min. (2. 8. 1) 
PelleHHeM ABIAeTCA KOpeHb Vp aBHeHHa 
he, (2. 8. 2) 
adc 


Aubdepenuupys, nosyyaem 
—2X(x—c)=0 nan S(x—c)=—0, 
EAS 2c, LK 7c. 
OTKya 


¢ OKasalOch Cpemnei apudmMetuyeckod, uTo u AOKa3nBaert II cBoTt- 
¢cTBO}, 

Yeuosue (2.8.1) Haspipaerca Tpedogakuem HauMeHoWUX KeQad- 
paTos. CMbics ero 3aksl0uaeTca B ClexYIOWleM: Hac HHTepecyer 
MHCHO €, KOTOpoe OmMKe BCeroO NOAXOAUT K 3aaHHoH cucTeme 3Ha- 
yweHHH x. Ho 6nus0cTtb c K Xx H3MepseTcA aOcoMOTHOH BeAMUNHOr 
OTKIOHEHHA /X—c/, WIM, KaK 9TO Oanee NPHHATO, KBaapaTomM OTKVIO- 
HeHHA (x—c)?, 


1 Ypapnenne (2.8.2) spanetca, Kak N3BECTHO, -IHllIb HeEOOXOAHMbIM YcvIO- 
EWM MHNHMYyMa. JLOCTaTOUHBIM yCOBHeM ABAeTCH IPH 3TOM IIOJIOKUTeIbHBIE 
d3 
3HaK BTOPOH mpou3BogHoii: Pay > 0. 
€ 


JlerkO BUAeTb, YTO NOCNeZHee yCJICBie HMeeT Mecto. B camMom geaze 


d? d 
f = —~ [— 25 (x6 — c)}] == 231 = an > 0, 
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Ho Tak KaK Mbl HM@€@M HeCKOIbKo 3HAYeHHH xX, TO ECTECTBEHHO 
norpe6oBaTb, YTOOb! CYMM4 KBafpPaTOB OTKMOHeCHHH Oba HaHMeHb- 
wen. : | 

MbI BHIHM, UTO 4HCIO, KOTOpoe OnMxKe BCero (B CMbiCyIe Tpe- 
6OBaHHA HAMMeHbIUUX KBafpaToB) NMOAXOAMT K 3aaHHOH CHcTeme 
3HaYeHHH x, ABIAeTCA CpemHeH apudMmeTuyeckOH U3 STUX 3HAaYeHHH. 

Bo II cBolictBe o6HapyKuBaeTCA CBA3b MexKYy cpeyqHeH apudme- 
THYECKOH H CPeHHM KBalpaTHueCKHM OTKJIOHEHHeEM; H3 STOTO CBOH- 
cTBa CJlelyeT, ITO CpefqHee KBadpaTHYecKoe OTKIOHEHHe, BbIUHCJICH- 
Hoe OT cpewHell apHdMerTuyecKOH, MeHbIUe, YEM OT KaKOH-IH60 
Dpyrok BeIH4HHbI (HanpHMep, MeHaHbI HAM MOH!) 


L(x — x)? = («x —c)? 
VV, 


§ 9. CPENHAA APH®METHYECKAA H AHCHEPCHA 
JA OBbEXTHHEHHOHM COBOKYIIHOCTH 


ecaH ¢# Xx. 


B craTucTuke Oo/lbilo0e 3HaYeHHe MMeeT He TOJIbKO PpyNNHpoBKke 
JaHHBIX, T. €. PaCUIeHeHHe COBOKYMHOCTH Ha uacTH, HO HW OOpaTHaa 
onepalluA — oO6beHHeHHe YACTHBIX COBOKYNHOCTeH B OHY OOLLYH. 
IIpH 3TOM BaXxKHO MO MOKa3aTeJIHM YaCTHHIX COBOKYMHOCTeH yMeTb 
PaCCUHTATb COOTBETCTBYIOWIMe MOKasaTeH OGbEAMHEHHOH COBOKYTI- 
HocTH. B HacTOAUeM Maparpatbe Mbl yCTaHOBHM QOpMyJIbI, CBASHI- 
Baloulve x HW oO? OObeENHHEHHOM COBOKYMHOCTH C X H CO? UACTHEIX CO- 
BOKyMHocTeH. | 

Mpumep. JlanHbie 0 NpousBOACTBeHHOM CTaxKe JIA JBYX COBO- 
KyMHocTeH paOounx mpuBeeHb! B Ta6a. 19. 











Tabauya 19 
Cononymnoer»| last, | Creat | rene 
| ee re n,=100 X,=8 = 4 
1 a eee n= 50 X= 12 a ==6,25 
Utoro... n=150 | x=? | o9=? 


O6e rpynnbt o6besqHHeHEI B OZHYy. Kakospl x un 0? oObeqHHeHHO! 
copokynHocTH? Tloka3atTenH OTeJIbHBIX TpyNl Ha3OBeM UaCTHBIMH, 
HCKOMble MOKa3aTeH OGbeMHEHHOH COBOKYNMHOCTH — OOIMMH. 


BuipegzeM cHaualia (OPMy.1y WIA x 


= wx 
x= 
fi 
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2x pas6uBaeTca Ha Be CYMMbI COOTBETCTBCHHO JIBYM COBOKYNHO- 
CTAM, yUACTBYIOILHM B ee OO6pa30BaHuH 


UX == Lx + Ux. 








Cre noBaTeJIbHo, 
FP 5 a VOX 
a "i n aa <= 
x Lex —f- Maik a My, , No hero nN, x; -t. NioXg 
Ny -+- Ms My -t- Ng Ny + My 


Han, o606u1a4, 


ete, Ny XM Xo + oe 
ee (2.9.1) 


Mopmyupyem: cpeduaa apuqdbmeruueckan oOObeOUuHeENHOL CcoOéo- 
KYNHOCTU ABAAETCA CpeOnell apudmeTuU4ecKOll UB 4ACTHIX CPeOHUX, 
B3BEWEHHOIX No OOSemam 4acTeti. 

Jia Halwero mpumMepa 

100.8 -+- 50-12 1400 


Xe ee = 9,33. 
150 150 


HeckobKo cJloxKHee Belo oOOcTOHT c mucnepcueH. Bpino 65! 
OWMOKOH NpesnouaratTh, YTO OOuLaA AMCNepcuA ABJIAeTCA HEKOTOPOH 
cpequeh W3 YacTHbIx AucnepcHH. Tak, HampuMep, ecm Obl axe B 
KaxkHOK UacTHOH rpymne mucnepcua Ghia He3Ha4YHTeJIbHOH, HO cpen- 
HHH ypOBeHb Mpu3Haka B STHX Ppymmax BecbMa pa3MyeH (HallpHMep, 
B OMHOH Tpynme Bce pa6oune C MAJIbIM CTaKEM, B Apyrohw —c 6oub- 
IWHM cTaxKeM), TO pH oO6beqHHeHHN pyln AMCHepcua BbIpoOcta Obt 
3a CUeT PaSHUbl wey rpynmlamu. 

EcrecTBeHHO OSTOMY TIPeAMOJOKUTb, YTO OOLIaN Mucnepcun 
CKIabIBaeTCA W3 JMcMepcHu, HMerouleH MeCTO G6HYTPU UaCTHBIX 
rpyill, WH Wucnepcuu, O6HapyKuBaloMlehca mMemwcOy CPeMHHMH JaH- 
HbIMH 9THX py. 

STO OYeBHAHO WWJIA KaxKMOro HHAMBUAyYaIbHOrO OTKMOHEHUA X—X, 
KOTOPOE CKJIANbIBACTCH H3 ABYX ‘acre: OTKMOHeHHA xX OT cpenHel 
TOH YaCTHOH COBOKYNHOCTH, K KOTOPOH OTHOCHTCA JAHHbIM X, H OTKIO- 


HeHHA UYACTHOH cpenHelt oT OOnIeH CpenHel x 
X— X= (XK — x;) + (X; — *), 
rye £2—HOMep UaCTH. 


JlokaxKeM, 4TO MOMOOHOR PABeHCTBO OCYUCCTBAARETCA B CPeOHem 
OAA KBAOPaTOB OTKAOHEHUI. 


T(x — xy 


O6urax ANcnepcHa o? = = 
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Paso6bem CyMMYy KBafpaToB Ha WacTHble CYMMBl, OTHOCALIHECH 
K KaxKMOM YaCTHOM COBOKYNHOCTH, H3 KOTOPbIX CKJlaqblBacTcd o6max 
COBOKYINHOCTb 


B (ae — BPD (2 APE (BPE 


[leppyio u3 8THX CyMM 4 (x — x)? mpeoOpasyem 
Bye PRB (4) + a — P= 
=U (x — X,)? +23, (x — x}) (x, mats oc 21 (%) — x)’, 

Ey (x — x)? 


ae 2 OF A. 
L(x — x) = 144 (rax Kak 9) = "7 


Bo BTOpOM w1eHe MOCTOAHHBIA MHOMKHTECb (x, — X) BHIHOCHM 
3a 3HAaK CYMMBI 
2%, (x — X3) (x, — x) = 2 (x, — x) L,(x— %)=90, 


vak Kak 2,(*—X,) paBHa Hyw0 corlacHO HyeBOMy CBOACTBY 
cpeaHeh apudMernueckoH. 


B tpetbem usene Ly (x,;— x)? mod 3HaKOM CYMMBI NOCTOAH- 
Hoe; Cle OBaTeIbHO, 


dy (x, = x) = Ny eF — x)? 


wai, O603HaUaA OTKOHeEHHe YacTHOH cpemHeh oT o6mleH x OyK~- 
Bol 8, (e1bTa), SamHwieM 


eae pax a2 
Ortcroyla 
oe 2 a? 
Xy (x — x)? == N,5, ++ 1,9}. 


To 2Ke, OYeBHAHO, ClipaBeAJIMBO H AVIA OCTAMIBHBIX CYMM 


So(x—x)?, 2,(x—x)?... 
TlosTOMy 


2 2 52 
nos - nd; - NoSo -|- My 65-+-- a 
ip A 
ny + Ny aL eae 
nyo) + N239+. +s hy 1 9 eee 


—— a 
—_—i— 


ny +m, +... My + Mot... 


gates 
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Ileppbit ywieH mperctaBaser co6oli cpeOHtor0 U3 4QacTHOIX OuC- 
¥ ~2 
nepcutt (B3BeWIeHHY1O); e@ MOXKHO O603HAauUuTb yepe3 oj 


2 2 
—. = Myoy + ngs5+..., 
oF == ee (2. 9. 2) 
Ny + Mgt... 
Bropoi wie apasetca Oucnepcuett uacrnoix cpeouux;, ero o60- 
3HaYHM Yepes 6; 
> 2 2 
— M6, + mgd5+... 
=e (2. 9. 3) 
MN, 1. Mot... 


tak, 
oF oF 1. 8? (2. 9. 4) 


HH OOWasn Oucnepcun pasha cpedxeii uz “acTHoLx Oucnepcuti 
nAtoc Oucnepcus 4acTHoLx cpedHux. 

Muaye, o6ulaa koue6memoctTh CKJIaQbIBaeTCA H3 KOJIe6NeMOCTH 
BHYTPH ¥WacTeH HM KOMeOeMOCTH M@XKAY YacTAMH. 

Paccuutaem o? aa Haulero mpHMepa 


bi = (x, — x)? = (8 — 9,33? = 1,77, 
89 = (x, — x)? = (12 — 9,33)? =7,11, 





= 100-1,77 -+ 50-7,11 260 
ye 5 1 __ 93 — 3.55, 
150 150 
6,2 
2 __ 100-4 + 50 5 712.5 4 75 
150 150 


= 4.751355 = 83. 


Popmy.ta (2.9.4) umeer BecbMa Ba2KHOe 3HayveHHe Ja TeOpHH 
KOPpevIALLHH. 


§ 10. NPHMEPbI HCMOJIbB3OBAHHA PALOB PACHPENEJIEHHA 
HA IIPOH3BOJICTBE 


Mpumep 1. Pagur pacnpezerenua Pa3sMepoB fMeTaJleH, OOpa6barTu- 
BaeMbIX Ha CTaHKe, JaloT HariaAqHoe NpescTaBleHue oO TOUHOCTH pa- 
OoTbI CTaHKa H 9ddeKTHBHOCTH TeX HAH HHbIX MePONpPHATHH, Ha- 
MpaBJICHHbIX Ha MOBbUUeHHe ero TOUHOCTH. 

B tao. 20 npuBezenbl par pacnpexerenns 3aMepoB AHaMetpa 
OobuOrO BeHa WecTepHA BTOpOH KOpOOKH nepeyay, MOJIYIeHHEIX 
Nocie TOKAPHOM YHCTOBOH O6TOYKH Ha MHOropesLOBOM nOJlyaBTOMaTe, 
AO HW MOCJIe TeKyllero peMOHTa cTaHKa. PemMouT 3akuloua/ica B CMeHe 
IKCHTPOB, OYHCTKE YaCTeH CyMMOpTa H H3Me€HeCHHH TeOMeTPHU 3aTOUKH 
pesia. 
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Ta6auya 20 
a lo pemouta a Ilocae pemMouta 
x (B MAM) mwpi Y% Xx (B MM) m Y% 
| 2 3 4 i) 6 
15,5—19,5 14 3,5 7,5—10,5 l 0,6 
19,5—23,5 20 5,0 10,5—13,5 4 22 
23,5—27,5 26 6,5 13,5~16,5 8 4,4 
27 ,5—31,5 25 6,25 16,5—19,5 1] 6,1 
31,5—35,5 4 1,0 19,5—22,5 20 ri,2 
35,5—39,5 Zz 1,75 22,5—25,5 10 5,6 
39 ,5—43,5 3 0,75 25,5—28,5 6 3,3 
43,5—47,5. ] 0,25 
ee ee |e 
100 | | 60 | 


SaMepb! MpousBorHAMCh MHKPOMETPOM C TOUHOCTHIO nO 0,01 mm. 
7lonyck Ha pa3Mep aia aHHOol onepauwH ycTaHoBjieH 61,10 — 
~++-61,30 wm. Jina ynpomenua 3sanucu Pa3Mepbl BbIPaKalOTCA B YCJIOB- 
HbIX €MHHUax. 3a Hayao oTcyeTa NpHHUMaertca 61 MM, 3a CHHHULYy 
u3MepeHua — 0,01 mm. B sTux eaunnuax sanncaHn 3HaueHna IIpH- 
SHaka B CTON6Uax | wu 4 Ta6AHIBI. 

IIpu nocTrpoenuu rpaduKos pacnpeeleHua ClelyeT HMeTb B BHAY, 
"TO 06a pawa pasmHualoTca Mexay co6oli no KOJIMYECTBY 3aMepoB 
(7;=100, no=60) u no BenuunHe HHTepBaJla rpynmuposBKu (1,=—4, 
tg2=3). Tlostomy aaa cpapHenusa rpaukos Heo6xogumo no ocu op- 
AMHaT OTKNAbIBATb OTHOCHTebHbIe 4acTOTHl, TIPHXOAAWHecAH Ha 
CAHHHIY H3MepeHHa NpH3sHaka, OAMHAKOByIo AIA O60Hx PpanOB, ITH 
BeJIMYHHI, Ha3bIBaeMble OTHOCUTeEALHOIMU NAOTHOCTAMU 4acTOorol, 
PaccuuTblBaloTcA no dopmyvie 





Y% =mek, 
roe ¥% —OTHOCHTeAbHaA MoTHOCTE “UaCTOTH, BHPaKeHHanH B 
NpOueHuTax; 
m — aOcomoTHaa u“acTota HHTepBavra. 
100 
k= ——_, 
ieft 


re ¢— peuuvna uATepBava rPpyNNHpoBKu; 
a—oouee aucao Ha6.1oneHnh. 


B Hauiem cilyqae za nepsoro paga 
100 


~~ 100-4 = 0,25, 

AJA BTOporo pana | 
eo eee 
S 60ng. = ees 
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3yaueoua Y% 3aNHCaHbl B cron6uax 3 nu 6 TaOJHLUbI. 

[paduku CTpouM B BHC rucTorpaMM, IpeACTaBAeCHHbIX MNapadt- 
ylenbHO Ha puc. 12. 

Ha ocu aOcuucc HaHOCHM MoJle AONYCKa. Cureyer oco060 Tas 
BHTbCA Ha ero ompeweJleHHH. HomuHavibHo Mose AONycKa 3aaHOo 


y a) 
10 









V///A bpan 







Z Yu; LL LLLLLLIIP- 


15 355 395 435 


a nm #8 DH &© 








96 115 05 195 235 27,9 


flone gonycKra 


6) 


75 1105 135 165 195 22,5 255 285 |X (8 cm) 


flone GonycKa 


Puc. 12. Tpaduxu pacnpeaesenua qetarenw mo pa3sMepy AuaMeTpa ° 
-a) 4O peMoHTa CrTalka, 6) Nocae Tekyuyero peMOHTa CTaHKa 


+YCAIOBHDIX CAHHHWaX OT 10 no 30. OnHako MOCKOJIbKy YHCIa 10 nae 
BKMOUAIOTCH B Hole Jomycka, a HHTepBadl OKpyrienHy 3HaueH _ 
mpouecce H3MepeHHA CocTaB/AeT ONY ennnnuy (0,01 mm), io pie 
CTRUTeCADHBIMH TPaHHWaMH MOJIA MOMYCKa ABJIAIOTCA MHCUA au J, 
JIy4eHHble MO PopMyaM: 


j 


l 
6 a ee ai 95, 
a=a ; == 10 - 
b =D’ +4 = 30-+-—- == 30,9, 


roe a’ wu 6’ — HOMHHaJIbHne PpaHHilbl, 
° I 
j—BeAM4MHa HHTepBada OKPyrAeHHA. 
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TlonyyeHHble rpaHHbl OTMedalOTCA Ha rpapukax. 


Tlo maHHbim Ta61. 20 paccuHTbiBaeM NOKasaTeJIM X, 0, MPOWCHT 
6paka AJA KawKoro psAra. PesybTaTbl BbIUHCIeHHH 3alHCbIBaeM 








B Ta6s. 21. ; | 
Ta6auya 21 
ee SS a SS eS ee 
___Upoueut 6paka 
7 cjeBa cipasa | o6uwHh 
Ilo peMoHTa ...e-e- 26 ,42 6,30 0 21,25 21,25 
Tlocne pemonta. ...-.| 19,99 4,27 112 0 1,12 


Iipupozum pacuer npouenta Opaka. 


Jlo peMouta vyacTrota sedekTHbXx metajei Cc 2HaMeTpOM 
6oubwme MoMmycKaeMOro COCTAaBAAAMA: 


31,5-30,5 _ 
143474442559 = 21,25. 


B nocaeqHeM HHTeppane uactoTa Opaka paccyvTaHa NO WpaBHsly 
NpOMOpUHOHAbHOCTH. C1eAOBaTeAbHO, MpOMeHnt Opaka cipaBa 
paseH 


100-21,25 _ 21,25. 
100 


AnasoruyHo B Apyrux cay4anx. 


Ha ocHone MpescTaBJleHHbIX rpapukoB H PaCCUHTAHHbIX NOKa3a- 
Teel MOXKHO ClelaTb CleAyIOUlHe BbIBOABI- 
1. Tpadux pacnpexeseHua pasMepoB jeTajleH MO PeMOHTa CTaHKa 
6b CHJIbHO CABHHYT K TpaBok rpaHuile MOA MONyCKa. Touka cpel- 
CO Hell apudMeTuyecKOH x OKa3alacb Mpapee CepeAHHbI Nova MomycKa 
Ha 6,42 eqHHMLUbI, YTO COCTABIACT 30,6% or BeJIHYHHEI Nova OMYCKa. 
Croslb pe3Koe cMellleHHe WeHTpa TAKECTH KPHBOH CBHeTeIbCTByeT 
O TWIOXOH HACTPOeCHHOCTH CTaHKa Ha TpeOyeMble Pa3Mepbl. [papuk 
pacnipeseteHHa o61aaer 6OuIbUIMM paccefHHeM HW Pe3KOH aCHMMET- 
pel B MpaBylo CTOpOHy. Bce 3To O6ycOBHJIO BeCcbMa 3HauHTeJIbHbIM 
lIpoweHT MpaBOCcTOpoHHero Opaka. 

2. Tpaduk pacipexemeHuA pa3MepoB fletasieH mocuie PeMOHTAa 
cTaHKa B OCHOBHOM yKJlafbiBaeTcA B Moe WONYCKa. Touka x 61H3Ka 
K cepemuHe now MolycKa, paccedHHe rpauka 3aMeTHO COKpaTH- 
jlocb. Bce 3TO CBHeTeIbCTBYeT O 3HAUHTEJIBHO jlyuleH HacTpoeH- 
HOCTH H TOYHOCTH Mpowecca. B pe3yibTaTe MpOleHT Gpaka yMeHb- 
wHaca WO 1,12%. 
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HIpumep 2. Pay pacnpeyenenug mwiaBoK no ux NPOODKUTEJIb- 
HOCTH ABMACTCA BaKHOH XapaKTepHCTHKO! KauecTBa pa6oTH u TIpo- 
H3BOQUTeIbHOCTH [W1aBHJIbHO- 
rO arperata. 

IIpHBoqum rpaduKu pac- oe 
NPC AGIeCHHA TPOJLOJIKUTEeJIBHO- 
CTH M1aBOK JWIA TPeX MapOK 
CTaJIH TIO JBYM TleuaM, HMeIO- 
INHM HeKOTOpble KOHCTPYKTHB- 
HbI€e OcoOeHHOCTH (m0 Mare- O89 
puantam O. WM. Anyucxoli, 3a- 
BO «Cepm x MOvOT», puc. 13). 

Bo scex Tpex cayyasx 
rpaPukH pacnpexeneuna m1a- 
BOK He€pBOH Me€uH OKa3aJIHCb 
JICBee PAaCNOJORKCHHbIMH H Me- 
Hee PacceAHHbIMH, YemM rpa- 
(PHKH pacipeyeteHua m1aBoK 
BTOpoH meu. Ilo strum yan- 
HbIM MO?KHO CH@aTb 3€aKJ1I0- 
Ne€HHe, U4TO padota mepsoro 
arperaTa 60/lee mpou3BoH- 
TeJIbHa HW G6oee pPuTMHUHAa, 
yeM paOoTa BTOporo arperara. 
CpequAad MpomovpKUTeMbHOCTE 
NIaBOK MepBoH meyuH Mo Kax- 
Mow MapKe cTajH MeHpbIue 
CcpeqHeH MpOOJKHTeIbHOCTH 
MJIaBOK BTOPOH TleuH IIpHMep- 
HO Ha 20 MHH., uTo szocta- 
TOYHO OLLYTHMO B MpOH3BoOL- 
CTBCHHbIX YyCJIOBHAX, 


Hpumep 3. IIpouecc usro- 
TOBJICHHA TeTamen mpenqycmat- 
PUBaeT PA ONepallui, Halpas- 
JIGHHBIX Ha JOCTHKeHHE onpe- 
ACCHHBIX Pa3MepoB, (opMBl, 
YHCTOTbI MOBepXHOCTH H Apy- 
rHX MapaMerpos c tTpe6yemoit 
TOUHOCTbIO. B xopowio cmpoex- 
THPOBaHHOM TeCXHOJIOrHYeCKOM 
Mmpolecce Kaxkyad mocweyyto- 
lank ONepalunA OKHa TIpH- 
OJKaTb Te HIM MHbIe Mapa- 
MeTPbI H3AeJIHA K TpeOyeMbIM 
3HaY€HHAM HU TMOBbIMWAaTb TOU- 
HOCTb OO6pa6orKyH, T. e. CoKpa- 
IaTb Pa3sMepbl Norpeusnoctes. 
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Puc. 13. Tpadbuxn PacnpeACACHHA NPOAOMKATEAHOCTH WaBOK AAA AByX Mevelt TpeX MapOK cTaqnH 
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Conocrasiaa KpHBble pacipeseteHua norpemHoctrel mocae pana 
MNOCJIEQOBATeIbHBIX OMepalld, Mb Noy4aem MpescraBleHve O Kaye- 
CTBe TeXHOJIOrMYeCcKOorO Mmpouecca. 

_ B ta6a. 22 npupenenbl paybl pacnpexenenua metaM BavluK-reHe- 
paTopa ll0.mapameTpy — OveHuve TpeTbeli WeliKu Mocme paga clenyi- 
IWMX Dpyr 3a ApyromM oOflepalHi: WeHTPOBKH, TOKAapHOH OGTOUKH, Mep- 
BOK (MpeABapuTebHON) WAMpOBKH H BTOpOH (OKOHYATeNbHOM) WaN- 








(pOBKH. 
Tabauua 22 

LlentposKa __| Tokapuas o6Touka |(leppas iuandoska|Bropaa WAKPOBKa 

x ; 
x Xx Xx 
or a = (B 0,01 stat) (B 0,01 4m) i (B 0,01 m1) 

O~— 2,5 24 0,5— 3,5 20 0,125 2 0,125 13. 
2,9— 5,5 93 3,5— 6,5 90 0,5 19 0,5 128 
5,9— 8,9. 76 6,5— 9,5 97 1,0 82 1,0 128 - 
8,5—11,5 37 9,5 -.12,5 58 1,5 80 1,5 14 . 
11,5--14,5 23 12,5—15,5 20 2,0 85 2,0 9 
14,5—17,5 13 15,5—18.5 10 2,5 11 25 2: 
17 ,5—20,5 4 18,5—21,5 ] 3,0 10 3,0 a: 

20,5—23 5 10 21,5—24,5 1 3,5 3 
23,5—26,5 3 4,0 4 
26,5—29,5 4 4,95 0 

29 ,5—32,5 2 5,0 I 

32 ,5—35.5 3 

35,5—38,5 2 

38 ,5—41,5 1 

41 ,5—44,5 ] 

44,5—47,5. 1 
Utoro. .| 297 | 297 | : 297 | 997 © 


Ha puc. 14 ganpi coorsercrsyloulve rpadukn, a B Taba, 23 npu- 
Be/eHbI OCHOBHbI€ NOKasaTeW PAXOB pacnpenejenua, 


TaGauya 23 
“~~ Nokasatean 
x fe) 
Ilocne onepauun 
—ee————— 
' Llentpopsxa ...... 8,98 ' 7,61 
_ TokapHaa o6TouKka... 8,07 3,64 
lleppan waudoska,. . 1,58 0,699 
Bropan wandospka .. . 0,83 0,458 
qe ° 51 
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—a 
! 
Phd 
s | | 
t ! focne moraprod obmoyxu 
| H ~ - Noche gexmpobre 
ly ae, 4 
Ly XKNa — + meee esa ca ere > ee oe ae 
01296 SETFTBEIDVUNRGKB BETES MWANBABBUIBAWS IM 35 56 3? 3B 99 40 41 4243 64 45-46 


Evenue (omrnonenue 6 0,01 wm) 
Puc. 14. [pabuxn pacnpexerenva BanHKOB reHepaTopa moO NapaMeTpy 6HenHA 3-H WeHKH 
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IIpu aHasH3e WaHHbIx C/leqyeT HMeTb B BHAY, YTO 4YEM MECHbILUC 
BeIHUHHa GHeHHA, TeM JIyule KayecTBO MposyKuHH. Mb BAAHM, ITO 
-Tpadukuw pacnpegzesenun OveHuh UMeIOT aCHMMeTPHUHy!O dopmy, 
XapaKTepHyW JIA pacnpeseseHHh CyUleCTBeHHO MOMOKUTEIbHBIX Be- 
JIMUHH. SHAaUNTeJIbHaA ACHMMETPHA Gbla Noce ONepalluH WeEHTPOBKH, 
“HO yxKe CJleqyloulad oOnepauuA — TokapHasa 

o6To"uKa — ycTpaHvsia oco6o pe3KHe Nno- 

rpelWwHOCTH, OO6pa30BaBliMe «xXBOCT» rpadpu- 

70 Ka. Ilocue KaxkKoH onepauuu rpaduKu Bce 

| 6oulee CTATHBAOTCA K Hayasly KOOPHHAT, 


65 YMeHbIUalOTCA CpeHHe BeJMYHHBI, coKpa- 
llaeTca paccesnne. Oco6o peskoe coKkpaie- 
60 Hue TIOMpeuIHOCTeH, KaYeCTBEHHO H3MeHsIO- 


ulee rpadbuk pacnpeseneHuA, HacTytaeT noc- 
jle ollepaluH mepBoro WaAudoBaHHas. 

B ra6a. 24 wu ua pwc. 15 WaHbl pag H 
COOTBeETCTByloulve rpadHKn paciipeseieHuA 
Tex Ke JeTaneH mo Apyromy MapameTpy — 
pa3Mepy HameTpa — locale onepalHi To- 
KapHOH O6TOUKH HM MepBoro LWIHPOBaHHA. 

Mb! BHAMM, YTO TMOce MepBOH WAIH@MOBKH 
rpaduk pacnpeyeseHHA OKa3a/ICAd 3HaUH- 
TCIbHO CM@ILIGHHbIM BJIeEBO H MeHee paccedH- 
HbIM. BeJIMuHHa CMeLUCHHA, H3MepHeMaH 


pa3HOCTbiO X, —X2 (cM. Ta61. 25), xapaK- 


eo Ss & 


Cas 
SS 





Yacmoma wa unmepban =0,01 mn 
5 
S 


No 
Cn 


flocne waugobxu 


te 
S 


flocne moxaprod odmoyKu 


a S & 


Br. 


"AS 7°19 21 29 25.27 29 31 99 35 37 BY 4 4365 47 49 51 53 55 57 59 61 63 65 67 69 11 73 75 77 79 Bt 89 
Haudonswud Guamemp (omnnonexue om nomunana & 0,01 wm) 


Puc. 15. Tpadukn pacnpegxeneHHa BaAHKOB reHepatopa 
no pa3Mepy AHnaMeTpa 


— TeEpH3yeT CPQMHIOIO BeIHUHHY TIpHiycKa Ha OOpaboTky, CHATOTO Ha 
onepallwH WLIKMoOBaHHA. 

CoxpamleHve paccesHua roBOpHT 06 yBeH4eHHH TOUHOCTH OOpa- 
6OTKH, AOCTHTHYTOM Ha OnepauHH wWandopanua. KownyecTBeHHan 
OleHKa STOFO COKpalleHHA JaeTCAH CONOCTABJICHHeM CpeAHUX KBapa- 
THYeCCKHX OTKJIOHEHHH (cM. Ta6s. 25). 
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Tabdauya 2¢ 
Mocae tokapHo# O6TOUKH 1. 7 Flocre nepso wauposku 

X (OTKIOHEHHA OT HO- es X (OTKAOHEHHA OT HO- 

Mata B COTbIX AH) MHHadla B COTBIX MM) me 
43,5—47,5 I 14,5—15,5 l 
47,5—51,5 — 13 15,5—16,5 l 
o1,5—55,5 39 16,5—17,5 | 2 
50,0—09,5 , 66 17,5—18,5 16 
99,5—63,5 . 55 18,5—19,5 26 
63 ,5—67,5 ol 19,5—20,5 38 © 
67,5—71,5 © ol 20,5—21,5 | 47 

~ 71,5—75,5 | 16 21 ,5—22,5 73 
75,8—79,95 : ou 22 ,9—23,5 59 
79,9—83,5 .. . 3 23,5—24,5 31 

24 ,5—25,5 | 8 
25 ,0—26,5 
26 ,5—27,5 | l 
, 300 : | 300 
TaGauya 25 
ees Tloka3aTeau oe | 
a x g 
Nceere onepanun | 
TokapHan o6T04Ka.. . 62,15 6,92 
Mepsaa mauoska,. . . 21,54 1,87 





Ipumep 4. Panbl pacnpeteleHHf HCMOJb3YIOTCA WIA OWCHKH 
SPPeKTHBHOCTH Pa3JIHYNbIX BAPHAHTOB TexHOJIOrHyecKoro mMpormecca. 


IIpopepsiucb 2Ba cnoco6a oOpa30BaHHa pacTBOpa 3aMKa MOpII- 
HEBbIX KOJICH: H3POTOBJICHHe OTAHBOK 9JJIMMITHYeCKOK (OpMbI Cc Mo- 
CJIERYIOMMUM BbIPe3aHHeEM 3aMKa H H3FrOTOBJIeHHe OTJIHMBOK KPpyrvioH 
opMbI Cc MOCeAyIOMIIM HaweBaHHeM Ha ONpaBKy nu TepMooOpaoot- 
KOH, PHKCHpylouleH OpMy KOJIblla WH pacTBOP 3aMKa, MOJyYeHHbie 
pH HafeBaHHH (cnoco6 «TepmModuKcamuu»). Ha puc. 16,a mpuse- 
J\CHbI TpapuKN pacipeseeHHA TEPMOMHKCHPOBAHHbIX KOE, WH KOvIell 
© BbIPe3aHHbIM 3€MKOM TIO BeJIHYHHeE yupyrocTu, a Ha puc. 16,6 — 
rpaPukun paciipeweseHHA TeX 2%Ke KOel NO BeIHYHHe 3.ACKTPOCOMpo- 
THBeHHA (To RanHpIm HM. H. Borayesa u B. ®. Cenkesnua)!. 





JS UH ce Hborauyesp u B. ®. Cenkesusy, Crpyktypa um cBolcTBa nopu- 
HeBLIX Koen, Mauirus, 1949, ctp. 93. ; 
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Yacmoma 8 % 






Yacmomea & & 





NT 


75 7 18 79 80 G! 82 G3 84 85 86 
jnexmpoconpomubnenue 6 mb 

Konoyo c bipe3zQnneim 30MKOM 

——— = mepmomuxcupobannse Konya 





Puc. 16, Pacnpegenenne Korey TEepMOPUKCHPOBAaH- 
- «xHBIX WH KOJelL C BhIPe3aHHbIM 34MKOM: 
a) mO BeAMUMHE yapyrocth, 3 
6) NO BeAHYHHE ITeEKTPOCONPOTHBAeHHA 
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M3 rpadvKoB BHAHO, 4TO Mp BbIPe3aHHH 3aMKa MOCTHraeTcA 
Oo/IbIaA BeJHYHHA YMPyrocTH Koel, 4eM MpH TepModuKcamun. Oba 
cnoco6a H3roTOBJeHHA OKa3asHCb NHpHOJH3HTeIbHO PpaBHOIMeHHbIMH 
MO MOKa3aTeIAM QJICKTPOCOMPOTUBJIEHHA. 


§ 11. NPOBJEMA ®OPMbI KPHBOH PACIIPETEJIEHHA 


IlosiomwkeHHe KPHBOHM pacnpeteleHua Ha ocH aOcuncc u ee pac- 
CefHHe ABJIAIOTCA JBYMA HanOowlee CYUIeECTBeEHHbIMA CBOHCTBAMH 
KPHBOH; OAHAKO HapAay C HHMH CYIMeCTByYeT HW PAM APYFHX BaXKHbIxX 
CBOHCTB KPHBOH pacnpeyeJieHHA (CTeMeHb e€e@ ACHMMETPHH, BbICOKO- 
HJIM HH3KOBepLIHHHOCTh), KOTOpble B COBOKYIMHOCTH XapaKTepH3ylOT 
(PopMy HIM THI KpHBOH pacnpeneeHua. 


BpiacHeHve MOpMbl KpHBOH pacnpemeeHuA ABIAeTCA 3amauen 
BeCbMa BaXKHOHM KaK B MpaKTHYeCKOM, TaK WH B TeEOPeETHYCCKOM OTHO- 
WeHHH. CreqyeT pyKOBOACTBOBaTbCA TEM OCHOBHBIM MOJIO2KeCHHEM, UTO 
KaKQbIH CTATHCTH4eCKHH MaTepHadl B OODIUHBIX WIA Hero yCJIOBHAX 
WaeT moO OlpeqesieHHOMy MpH3Haky xXapaKkTepHylO, THNMHYHYIO WIA 
Hero KpHBylO pacnipezetenHaA. Beakoe ucKaKeHHe 9TOH XapakTepHol 
(POPMb] KPHBOH O3HauaeT HapyuleHHe HAH H3MeHeCHHE HOPMAVJIbHbIX 
YCJIOBHH BO3HHKHOBCHHA MaTepHaJia. Tak, Culeaqa 3a KayeCTBOM IIpo- 
AYKWHH B 3aBOACKOH Aa6opaTopuH, Mb B CIydae H3MeCHeHHA xXapak- 
TePHbIX JIA MaHHOrTO MaTepHasla KPHBbIX MOMKeM CflelaTb BbIBO, 
H CHPHaJIH3HpOBaTb O HapylIeHHH HOPMaJIbHOrO XOMa TeXHOJIOrHye- 
CKoro mpouecca HJIH H3Me€HeEHHH KayecTBa MaTepHaa. 


TlosBaeHve JBYXBepIJHHHOH WIM ACHMMeTPHUIHOM KpHBOH OObINHO 
rOBOPHT O Ppa3HOTHMHOM cCocTaBe COBOKynHocTH. Bo Bcex NOO6HBIX 
CyuaAxX BaxKHO Mpexkse Bcero yCTaHOBHTb THM KpHBOH pacnpere- 
JI@HHA, OOBIVHbIM AVIA WaHHOTO MaTepHawla B HOPMAJIbHbIX YCJIOBHAX 
efO BO3HHKHOBeHHA. . 


OnHako dopmMa KpyvBoh pacmpenkeneHuA OObINHO HCKaKaerTca 
CJIY4aHHbIMH 34r3araMu — KoOvleOaHHAMH, BO3HHKAIOUIMMH GJlarojapa 
HeEMOCTaTOUHOMY UvCTy Ha6someHHH. Heo6xonquMo mpexyze Bcero 
OCBOOOAHTbCA OT STHX CAYYAaAHHBIX 3Hr3aroB KPHBOH H BbIABUTb 3a- 
KOHOMePHOCTb, KOTOPand JI@KUT B OCHOBE MaTepHa.a. 


IIpamMbIM MeTOAOM OCBOOOKMEHHA KPHBOH OT CAYYaHHbIX 3HP3a- 
TOB ABIAeCTCA, OUeBHAHO, yBeIW¥eHHe 4HCIa HaOmOTeHHH Mp Tex 
Ke HOPMAJIbHBIX JJIA MAHHOTO MaTepHadia ycloBMAx. Ha pwc. 17 MbI 
NoKa3blBaeM, KaK YMeHblWaeTCA 3Hr3arooOpa3HOCTb KPHBOH H BbIAB- 
JifeTCA ee (OPMAa MPH yBeMYeHHH UNCJla OOpa3suoB WIA pacmpese- 
JeHHA MeJHOH BTYJIKH 110 BeIM4MHE yria KOHyca (nmoce OOTOUKH 
Ha CTaHKe-aBTOMaTe). OHAaKO STOT NPAMOM MyTb Yale Bcero HeO- 
cTyneH HcecleqoBaTeo. MUccaeqoBatTeIb OObIYHO HMeeT eso Cc MaTe- 
pHasIOM OFpaHHycHHOHK YHCeHHOCTH HM ero 3a/,aua — BCKPbITb 3aKO- 
HOMePHOCTb, KOTOPad JI@XKHT B OCHOBe MaTepHadla WH KOTOpaH Fipo- 
HBHaCb Obl IPH BeCbMa OO/IbLIOM KOJIHYeCcTBe HaOAIOAeHHH. 
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Tas pelleHHaA 2TOH 3afa4n HCCeAOBaTeIb MOMKeH HCMMOIb30- 
BaTb KOCBeCHHbIe Me€TOJH. TaKHMH MeTOJaMH ABJIAIOTCH: 

a) YKpymHeHve HHTepBaJion, 

6) MaTeMaTHYecKoe BbIPABHHBAHHe KPUBOH. 
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IIpH yKpyNHeHHH HHTepBasoB YHCIO HaGwMOZeHHit B MHTepBasax 
YBeIHYMBaAeTCA MH YACTOTbI H3MeHAIOTCA Oovlee MpaBHJIbHO. 

Ha puc. 18 nokasaubl rpapuku pacnpeseteHua yupyrocru nopu- 
HEBBIX KOJIell IPH TOM 2Ke 4UNCle HaOmOReHHH (200), Ho NpH pa3HOM 
uHCJle HHTePBaJIOB. 
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Puc. 18. Fucrorpamma pacipeneneHHua yupy- 
roctH 200 mopmwHeBbIx kOAeL NpH pa3san4HOH 
BeAHUHHE HHTEPBaAOB FpyYNMHPOBKH 


Op iekTHBHOCTh 93TOTO MeTOAa HMeeT CBOH rpaHHibl. Herb3a 
CIMWUKOM YMCHblwWaTb YHC1IO HHTePBaJIOB, TaK KaK Ip 39TOM OyaAyT 
VIVICHbl CYLeCTBeHHble OCOOeHHOCTH KpPHBOH pacnpemeleHua. 
C mpyrolt CTOpOHbI, Npu HesocTaTOUHOM 4uCe HaOsOseHHH HuKa- 
KOC YKPyNHeHHe HHTePpBaJIOB He B COCTOAHHH H30aBHTb KpHBylO OT 
CLVYaHHbIX 3Hrsaros. bowlee COBepIeHHbIM ABJIACTCA MeTOX MatTe- 
MaTHYeCKOro BbIDAaBHHBaHHA KPHBOH, C KOTOPbIM MbI IlO3HAKOMHMCA 
B pasneae JI] Knurn. 
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PASE JI Ill 
TEOPHA KOPPEJAUHH 


i i = 


[HABA IL 


§ 1. 3AZAUH CTATHCTHYECKOFO H3MEPEHHA CBA3SH 


B HaCTOALIeM pa3qeie H31araloTcA MeTOAbI HCCIeqOBaHHA CTAaTH- 
cTHYeCKOrO MaTepHasia, XapakTepH3ylollero Te HH HHbIe ABJICHHA 
HJIM MIpOWecchl MO HECKOJIbKHM BaPbHPYIOUMM MpH3HakaM. OTH MIpH- 
3HaKH PaCCMATPHBAaIOTCAH He H30JIMPOBaHHO, a BO B3aHMMHOM CBA3H 
Apyr c ApyroM, MpHyeM 3aBHCHMOCTb Me@XKAy MPH3HakaMu ABJIAeTCA 
OCHOBHbIM IIpeAMeTOM HM3y4YeHHA. 

VisyuenveM 3aBHCHMOCTeli MbI 3aHHMaeMCA B OOOH Hay4Holt 
uucuuninue. JimaiekTuyeckHi NOAXom K H3y4eHHIO MpHpoyb H 06- 
uiectBa Tpe6yeT paccMoTpeHHaA ABJIeHHH B UX B3aHMOCBA3H HM He- 
TipecTaHHOM M3MeHeHHH. CoppeMeHHad HayKa, H3y4aA.KaveCTBeHHY!0 
CTOPOHY H3Me€HeCHHA ABJICHHH, CTPCMHTCA BbIPA3HTb STH H3MeCHCHHA 
H B KOwJIHUeCTBeHHOH dopMe — B BUe OMpeAeseCHHbIX COOTHOIMEeHHH 
HIM Mponopuwih MexkaAy BeMuHHaMH. [IpHeMbI KOMM¥eCTBeHHOrO H3- 
MePpeHHA CBA3H MeKAy BeJIMYHHaMH — PYHKUMOHAIbHOK 3aBHCHMO- 
CTH — paccMaTpuBaloTca B Kypcax MaTemMaTHyeckKoro aHasu3a. B yem 
Ke oOcoOeHHOCTH HM KaKOBbI 3afayuH CTaTHCTMYeCKorO H3MepeHHA 
CBA3H? 

BcnoMHHM, Kak onpefeiseTcA QYHKIMOHaIbHaA 3aBYMCHMOCTDb. 
B ocHope 3TOrO HCTOPHYeCKH CJIOMKUBIUNETOCA MOHATHA JIEKUT HAeA 
ONHO3HAUHOFO COOTBETCTBHA MeKAY BeMYHHAaMH, H3MCHAIOWLUMHCA 
B KaKOM-JIMOO mpolecce Tak, YTO KaKMOMY 3HaYeHHIO OHO BeuH- 
UHHbI, HASBIBACMOM APFYMEHTOM, COOTBETCTBYeT CTPOro ONpeMeeHHOe 
3HayeHHe pyro BeJIMUMHbI — PyHKIUAH. 

OnHako KaxKOMY SKCIepHMeHTaTOPy H3BeCTHO, YTO STO NOHATHE 
ABIACTCA JIMUb aOdcTpakuwHeli H YTO Kak Obl TOUHO HH NPOH3BOMMICA 
SKCIePHMeHT, Kak Obl CTpOroO HH 3aKPelWIANHCh YCJIOBHH ONbITa u 
MO6ouHbie akTOPb!, HeH30exKeH H3BECTHDIM pa3zOpoc pe3yJIbTaTOB 
SKCNEPHMeHTa, HE MO3BOJIAIOMMH MpHATH K BMOHE OAHO3HAHDIM 
BbIBOaM OO HHTepecylouleH Hac 3aBHCHMOCTH. ~ 

PaccMoTpHM KJlaccwyecKHii TpHMep (yHKUHOHAIbHOM 3aBHCH- 
MOCTH, KOTOPbIM HepeAKO OTKPbIBaIOTCH KYPCbl MaTeMaTHYeCKOTO 
aHasiv3a, — 3aKOH Bbolina-Mapuortta, ycTaHaBJIMBalollu pH H30Tep- 
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MHYECKOM Mpowecce PYHKUHOHAJIbHY!IO 3aBHCHMOCTb M@KY O6beMoOM 

ra3a V uw gapienHem P, nog KOTOPbIM Haxo/Ntca ras. IIpugapaxn 
‘ 15 

B OpMy.jle, BbIpaxkaloulell sty 3aBHCHMOCTb: VY = os 

(rae 15 — yculopHad MocTosHHas), HaBenmio P — pa3zIMuHble 3Ha- 

YeHHA, MOTYYaeM CTpOrO OMpeevIeHHble COOTBeETCTBCHHbIe 3Haye- 

Hua V, HanpHMep: 


Tak o6cTouT elo coriacHo dopmy.re, 
“~~~ HO He Tak Towlydaetca B *KH3HK. Ocyuie- 





























P | V CTBJIAA (aKTHYeCKH ONbIT C ra3aMH, MbI 
_ yOe*aaeMca B TOM, UTO 3Ha¥eHHa V He 
| OAHO3HAYHO COOTBeTCTBYIOT 3Ha4ueHHAM P. 
; re IIpH mostopennu onbira Mmosyuaem, Kak 
3 5 MpaBuJlo, WIA OAHOTO HW TOTO we WaBe- 
eo ae HHA HeCKOJIbKO pa3Mualolueca OObeMbI 
see | me ra3a, T. e. HaOsOyaem Kowe61eMocTb 
| byHkunH V; sto BUAHO M3 MpuMepa: 
eas Se -- 4 
P | V 
| 14,92 | 14,66 15,06 15,61 
2 7,43 7,55 7,90 7,62 
3 5,08 


4'90 4°88 5,11 








IIpHunnbl KoJle6meMOCTH 3aKO4aIOTCA B TOM, UTO HaO.110aeMble 
NoKa3aTeiH OOLeMa fa3a B MeHCTBUTeIbHOCTH ABJIAIOTCA PyHKuHel 
He OT OAHOPO JIMUIb FABCHHA. OHH 3aBHCAT TakxKEe UH OT pada APyrux 
aPryMCHTOB: KaNecTBa fra3a, aTMOCePHbIX BAMAHHM, TOUHOCTH MpH- 
Oopop HW Apyrux ycoBHh, XaPpaKTePH3y!IOUlHX OOCTAaHOBKYy ombita. 
Ecuw Obl BCe 9TH aPryMeHTbI OBI 3aKPerJIeHbl, CCIM Obl OHH He H3- 
MCHAJIMCb OT ONbITa K ONbITY, TO OObeM ra3a OKa3aJca Obl cbyHKunelt 
OAHOPO JIHIUb NaBJIeHHA, T. €. MbI HMeJIM ObI We0 co cTporolt pyHK- 
UMOHAJIbHOH 3aBHCHMOCTbIO. OmHaKO mpakTHyecKH 3akpelleHve Mmpo- 
HX APPYMCHTOB HE MOKET GbITb HMeaIbHO OCYLIECTBJICHO; 4ACTb H3 
HHX BOOOLe YCKOIb3aeT 3 Halllero Noa 3peHua, ApyraA uactb 
€ TPpYAOM NOMMaetTcA KOHTpoJO. [Ipoune ycaoBHa UM3MeHAIOTCA OT 
OMbITa K ONBbITY, KOMeOIOTCA 10 CBOMM 3aKOHaM, CJIYYaHHbIM MO OT- 
HOUICHHIO K HHTepecyloileH Hac 3aBHCHMOCTH, H TeM CaMbIM CO3qaloT 
CAyuaHHylo KOJIe6emMocTb cbyukunu V. 


Bee 2Ke, eC 9Ta KosleOeMOCTb HeBeJINKa, eCIH OHa CKa3biBaeTcs 
JHIUb B TOM HJM HHOM «3HaKe 3a 3alATOH», MOXKHO C H3BeCTHBIM 
NpHOMWKeHHEM CYHTaTh 3ABHCHMOCTb CTpOro (PYHKUHOHAIbHOH H O6- 
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PpaTHTbCA K CpeACTBAM MATeEMATHYCCKOLO aHaJlH3a IIA MaIbuehwero 
ee HCCeENOBaHHA. Tak HMeHHO OO6CTOHT fAeIO B pAAe BOMpOocoB TOU- 
HOrO e@CTeCTBO3HAHHA — Me@XaHHKH, (H3HKH. Saecb B ZKCNePHMeHTe 
uaCTO YyaeTCH H3O0JIHPOBaTb H 3aKPeIHTb BJIMAHHe MOCTOPOHHHX 
(bakTOpOB C JOCTATOYHOH TOUHOCTHIO. 

Ho Bo MHOrHx BOMpocax eCTeCTBO3HAHHA HW TeXHHKH, a TakoKe 
B OOWIECTBEHHDIX HayKaX HEBO3MOMKHO YCTPaHHTb BIMAHHe MOCTOPOH- 
HHX (PAaKTOPOB MpH HCCeOBaHHH 3aBHCHMOCTH OTYAaCTH MOTOMY, 4TO 
B 3HA4HTeJIbHOH Mepe 9TH GaKkTOPb! HEH3BECTHBI, OTYACTH MOTOMY, 
UTO CAMBbIM SKCMePHMeHT HePeAKO 3aTPyAHeH HIM HeOcTyMeH, H Mbl 
BbIHYKCHbI OFTPAaHHYHTbCA HaOJOMeHHeM ABJICHHA B eFO eCTeCTBEH- 
HbIX ycoBHAX. IlpH 9TOM BOSHHKaeT BaKHaA AVIA HayKH 3aqaya — 
Ha6yliowand. 3a HHTepecylouleH HaC 3aBHCHMOCTbIO IIpH CJIOXKHOM 
B3a€HMOJeCHCTBHH MOCTOPOHHHX BJIHAHHH, YMe€Tb OTBETHTb Ha BOMpOC: 
KakoBa 6blla 6bI 3ABHCHMOCTb MexKAY PYHKUHeH HW apryMeHTOM, eCJIH 
6bl Wpouve akTOpbl He H3MeCHAHCb H STHM CBOMM H3MCHCHHEM He 
OCOMKHAH HW HE 3aTYIUEBbIBaJIH OCHOBHY!IO 34BHCHMOCTb? 

PaccMoTpHM mpHMep. M3pecTHo, 4TO C yBeJIHYeHHeM COJepKaHHA 
MapraHua (B H3BeCTHbIX Mpemelax) yJyullaeTcA MpOKaJIHBaeMOCTh 
cTaIH (rayOvHa COM MapTeHCHTa MpH 3akaJie). OfHaKo eciIM HC- 
CJI@OBaTb STY 3€BHCHMOCTb NO MpOOHBIM AaHHbIM, B3ATbIM H3 OHO- 
THMHBIX IWIaBOK, TO HaTOJIKHYIHCb Obi Ha Takue TpydHocTu. Morszo 
6bl CJIYYHTbCA, YTO B KaKOH-s1H60 MWlaBKe c OoJlee BbICOKHM COJep- 
%KaHHeM MapraHila B CTaM CTeMeHb MpOKaJIMBaeMOCTH OKa3aJaCb 
HWKe, UCM B IWIABKe C MeHbIIMM ero cosepxanHiem. IlpokasuBae- 
MOCTb CTaJIH 34BHCHT He TOJIbKO OT COAeEpKaHHA MapraHila, HO H OT 
paqa Apyrux dakTopos, He OCTaIOWIMXCH MOCTOAHHBIMH OT TW1aBKH 
K TviaBKe: MOJIHOTHI HW XapakTepa paCKHceHuA CTadH Mpn MWlapKe 
H yaseHia MPOAYKTOB PaCKHCJIeHHA, BeJIMYHHbI 3epeH aYyCTeHHTAa, 
KovleOaHuH TeMMepaTypbl 3aKaJIKH, HasIMUHA HeOOMbIUUx KOJIHYeCTB 
HMKeJIA HW JPyrux Jlerupyloulux 3JIeMeHTOB H T. J. 

Morsio CAy4HTbCA, YTO STH CaKTOPh! CMO*RKUMNCch Oosee Osaro- 
IIPHATHO BO BTOPOH MlaBke MO CpaBHeHHIO C NepBot Hu OOycOBMIH 
Tam 6ojee BBICOKYIO MpoKasMBaeMocTb. TakuM oOOpa30M, MaHHble 
J\BYX WIM HeCKOJIbKUX M1aBOK HeQOCTATOUHbI JIA BbIACHCHHA 3aBH- 
cumoctu. Ho npu 60buIOM 4HCe TaKHX HaGJNOMeHHH BO3MO2KHO 
OGHAPyKHTb 3AKOHOMEPHOCTh, KOTOPaH MO3BOIAeT YCTaHOBHTb, Kak 
H3MeCHAaCb Obl MpOKaJIMBaeMOCTb CTavIH B 3aBHCHMOCTH OT COsep- 
*KaHHA MapraHlla, ecH Obl Npouwe apryMeHTbl MpokaJIMBaeMOCTH 
He HSMCHSAVIHCb. 

Vrak, NeppavA OCHOBHad 3afaya H3MePeHHA CBA3H 3aKkJIOUAaeTCA 
B TOM, YTOOLI BLIACHHTb Ha OCHOBe HaGJIOZeHHA Hay OOJIbUIMM KOVJIH- 
YeCTBOM JAHHbIX, KAK H3MeHANAaCb Obl PYHKUHA B CBA3H C H3MeHe- 
HHeM OJHOrO H3 CBOMX aDryMeHTOB, eCJM Obl pA APyrux ee apry- 
MeHTOB He H3MeHAVICK. IIpuuem 3amaua pelliaeTcA Ha TaKOM MaTe- 
pHasie, re 3TH Mpoywwe apryMeHTHI Ha CaMOM AeJlIe H3MCHAIOTCA H 
CBOeH H3MCHYHBOCTbIO 3aTYLICBbIBaIOT H HCKaKaloT HHTepecytOollylo 
HaC 3a€BHCHMOCTS. 


« 
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OHOBPeMeHHO BOSHHKaeT H Apyras 3agqaua. Uckaxatomee pausa- 
HH€ NOCTOPOHHHX PakTOPOB MOKeT OGHAPyXUBATHCA C SOMbUIeH WIW 
MeHbIlUeH CHJIOH. OHO MOKeT B Gobel HIM MeHbUIel cTreneHu «pa3- 
MBIBaTb», «3aTYUICBbIBATb» HHTepecylollyio Hac 3aBHcHMOcTD. Bp- 
CcBoOOKAAA MOCeHHIOIO OT HCKarKaloulero BAMAHHA MOCTOPOHHHX 
baKTOposB, MbI BCerga HHTepecyemca CHAO sTOrTO BAMAHHS, WIM cH- 
JOH, C KOTOPOH 3aKOHOMepHOCcTh MpoOuBaer ce6e NyTb CKBO3b M0- 
CTOPOHHMe BAHAHHA. Ec cua BJMAHYA MOCTOPOHHAX dakTopos. 
Mala, TO, 3Haf aPryMeHT, MO%KHO B KaKOM OTZeMbHOM cayyae 
TOYHO OMWCHMBATh 3HaeHHe (byHKIMH u, BOsMelicTByA Ha apryMeHT, 
CCH OH ABJIACTCH MPHYHHOH H3MeHeHHA, ynpaBATS dbynkunelt. Ecru 
CHJla BJIHAHHS MOCTOPOHHHX (aKTOpOB BeHKa, TO RelicTBHe HHTepe- 
cytoulero Hac apryMeHTa B KaKOM OTJebHOM cJly4yae. NepeKphI- 
BaeTCA eHCTBHeM MIpOunX *akTOpos, H MbI WaleKH OT TOUHOH OLeHKH 
WIM YipaBeHHaA PyHkuHen. 

Mrak, Bropad OcHOBHad 3amayua H3MepeHHaA CBASH 3aKmOUaeTCA 
B OMpeMesleHHH CTeMCHH MCKaKaloulerO BIMAHHA NpOyHX cbaKkTopos. 
Ha HHTepecylolly!o HaC 3ABHCHMOCTb HJIH B ONpeeJIeHHM CHVIBI, C KO- 
TOPOH MaHHaH 3aBHCHMOCTb NPOAB/AeTCA CpeH MHOrooOpa3HbIX Ha- 
Pyllatolux ee BO3eHCTBHH. 

B adbHehwux maparpadax u3qaraiorca MeTombI pelueHHa 3THX 
ABYX OCHOBHbIX 34a CTATHCTHYeECKOrO H3MePeHHA CBASH. : 


§ 2. KOPPEJIAWHOHHAA 3ABHCHMOCTb 


Matepuan, noamexauui paspaOorke, mpegcraBaaer co6o maH- 
Hble HaOJIOJeHHli Haq 2/eMeHTaMH CTaTHMCTMYeCKO CcoBOKyNHocTH 
MO HECKOJIBKUM BapbHPyIOWHM Mpv3HakaM. CulelyeT UMeTb B BHAVY, 
4TO 342a4uH KOPpeIAWMH peWlaloTca Bcerfa npu 3A0AHHOM 4UCAe Yuu- 
ToledeMbLX TIPH3HAKOB, T. €. MPH3HaKOB, 3HaYeHHA KOTOPbIX HaM 
H3BeCTHbI Wid Ka*KMOrO SeMeHTa CoBpoKynHocTH. Uncno yuuTpiBae- 
MbIX MIPH3HAKOB OMpeeAeT HE TOJIbKO CpeACTBa, KOTOPbIMH paciio- 
MaraeT HCCeAOBAaTe Ib AIA PellleHHA 3aa4H, HO HW MOCcTaHOBKy camolt 
salad, KOTOPad BUMOH3MeHACTCA MW yrvly6lseTCA MO Mepe yBesnye- 
HHA YHCJa STHX MPH3HAaKOB. 

OcTaJIbHble MpH3HaKH, 3HAYCHHA KOTOPBIX JIA Kaxk Oro: leMentTa 
COBOKYMHOCTH HaM H€H3BECTHbI, Ha3bIBaIOTCA HeY4UToLIeAaeModLMU. 
O gelcTBHH MOCeqHHX UCCIeMOBaTeb B Mpowecce aHadu3a Mmate- 
pHaJia YaCTO CTPOHT Te WM HHble NpeMnoOKeHuA WIA YyACHeHHA 
PeaJIbHOrO CMbICJa MOJYGaeMbIX 3aKOHOMepHoOcTel. 

B OanxKaiwux riaBax MbI pacCMaTpHBaeM BOMPOCH KoppesALnNH 
MexKTY ABYMA, a B KOHIe passela Mexkay Tpema uw Oomee yuuTbi- 
Bae€MbIMH TIpH3HakaMH. 

IIpymep 1. OxuuMm v3 OCHOBHBIX MoKa3aTeJeh KavectBa MOpulHe- 
BOrO KOJIbILa ABIAETCA ero ynpyrocTb. BpiacHeHve UpuWuuvH, BbIgbI- 
BalOoulHX Pa3JIH4HA KOJIelL MO BeJIHYHHe YIpyrocTH, HeoOxosuMo JIA 
yYCOBePINCHCTBOBaHHA MPOW3BOACTBeEHHOTO HApowecca Hu y.TyUleHHA 
KaueCcTBa BbIMyCKaeMOM NpOAyKUMH. Oco6bli uHTepec Mpu KOHTpoe 
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KayecTBa MPOMYKUHH MpeACTaBIAIOT TakHe. @akTopbhl ynpyrocru 
KOJIbIla, H3MepeHHe KOTOPHIX Mpolle Hu MelleBe, YeM M3MepeHHe 
CaMOM ylipyroctu. PasmMep 3amka B CBOGOMHOM COCTOAHHN ABAAeTCA 
OMHUM M3 TakHx daxktTopos. [lostomy ycraHoBseHve 3aBHCHMOCTH 
MeKAY YMpyrocTbio KOJblla H Ppa3sMepOM ero 3aMKa MIpeACTaBJAeT 


flone Kwoppensuuy 








1435 


Benuyuva ynpyeocmu 8 2/mm? 


15,6 152 168 124 180 186 192 198 204 210 216% 
Pasmep 3amxa 8 mm 


Puc, 19, 3aBHCHMOCTh MeXKAY yMpyroctTbw uM pasMepoM 
3amMKa Qa 200 nopuineBHIx KoOueL, 


3aauy, HMeIOWULy!O WpakTHyeckoe 3HayeHHe. JlAa ucceqOBaHHA ZTON 
3ABHCHMOCTH BOCIO/b3yeMCA JaHHbIMH HcibITaHui 200 nopuiHeBbIx | 
KOJIel; B KaKJOM HCIIbITaHHH YYHTHIBAIHCb ABA NOKa3aTeA: BeNH- 
wHHa yipyroctu (mo Toenqo) u pa3sMep 3aMKa B CBO60RHOM cocToR- 
HMM (cM. cTom6ubt 2 u 3 Ta6a. 4 mpunomwenna I)!. 

IIpexne scero 2aHHble Ta6IMUbI HeOOxOAuMO MpuBecTu B NOps- 
OK ~—— CHCTEMATH3HPOBATD. 

Uji sro wei CTpOHM OCH KOOpAMHAaT, OTMe4ad Ha OCH X 3Ha- 
YeHHA apryMeHTa — pa3Mep 3aMKa, a Ha OCH y — 3HaueHHA yHK- 
HH — BeIMYHHY ympyroctu (puc. 19). 

Pe3yJIbTaTbl KaKfOro HCMbITAHHA OTMeYaeM TOUKOM B CHCcTeMe 
KOOpAMHAaT (xX, y). Haneca Ha ueptex 200 Touek, nmomnyyHm Tak 
Ha3bIBaeMoe NONE KOPperanuuu Y, x. 


1 JlanHple 3aMMcTBOBaHbI “3 paGoTh A. H. WK ypasaesa, Uccnenosanne 
NPOH3BOACTBeEHHBIX MeTOJOB H KOHTPOJIA KaueCTBa NOPUIHEBbIX KOIeI, B ABHAMO- 
TOPOCTpoeHHN, AuCCepTauua. 
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Tlome KOppeJIAUHU ABIAeTCA TpaduyecKoH PopMOH CHCTeMaTH3a- 
wu Matepvasa. Uaule craTHCTHYeCKHM MaTepHaJl CHCTeMaTH3HpyetcA 
B Ta6mnyHOH cbopme. JIA sTOH WeH HaMedaeM CHCTeMY HHTePBaJIOB 

_Tpynnmuposku Mo mpv3Hakam x u y. [lo pasmepy 3amKa (x) HauaJO 
rpynnuposku 15,0, pelMyHHa HHTepBasa 0,6; no ynpyrocTH (y) Ha- 
yao rpymnmuposku 1085, BemHuHHa uHTepBasa 50. 

Ha nome KOppevIAIHH HakslaQbIBaeTCA KOOPAHHAaTHAaAH CeTKa, CO- 
OTBETCTBY!IOLAA MPHHATOH CHCTeMe HHTepBaloB, H MOACUHTHIBaeTCA 
uncHO TOUeK (YacTOTa) B KaxKMOH KeTOUKe KOOPAHHaTHOHM CeTKH. 
PesysbTaTbl mogcueTa, a Tak?Ke TOPH3OHTAJIbHbIe HW BePTHKaJIbHble 
HTOFH UaCTOT 3aNHCbIBalOTCA B TaK Ha3bIBAaeMOli KOppeAAYUOHHOU 






































TAOAUYE. 
Ta6auua 26 
Pa3Mep 3aMKa (B MX) 
“ie elale|~/elelajel*lelje 
Pm a oe eal 
| eel Sica Paieeteet: Wee ae seule nit [cla te eae 
y ole l/nialtl/OololNi ol et! so rs 
| 2 2 ee ee eee | oS 
| 16351685 | I 
© | 1585—1635 1 1 
: | 1535— 1585 1 ioe) 4A 8 
a 1485—1535 3/ 8] 8| 5! 2 26 
2 | 1435-1485 OG) 43 07 | Be) 2 43 
— 1385—1435 | N40) 134) Fase Bl. A 49 
7 1335—1385 10/ 7/12) 4] 4! 1) 17] 1 40 
3 1285 — 1335 7 aes i ae Os ee COD a 18 
oo 1235—1285 Bl Dl) Oe 4A ] 9 
2. 1185-1235 | 1) 1 El 4 
s 1135—1185 0 
1085 —1135 1 1 
Mtoro 1] 6 | 22) 27| 45) a1 | 92] 17 6| 1 | 1 | 200 
| 


KoppeiaiHouHad TaOJMua CHCTeMaTHSHpyeT pe3yIbTaTH HaGuIIO- 
MeHHH Haj 2JICEMCHTAMH CTATHCTHYeCCKOH COBOKYIHOCTH MO JIBYM 
BapbHpy!OuluM mmpH3Hakam. IIpexme yemM NepelitH K aHaJIM3y 3TOH 
TaOHIbl, PACCMOTPHM elle OAHH TpHMep. 

Ipumep 2. [pu avanu3e XO3aHCTBeHHBIX HTOrOB paOoTbl Mpo- 
MBILJICHHOCTH BaXKHO YCTAHOBHTb TIPHYHHbI, B CHJIY KOTOPbIX OHH 
TIPCAMPHATHA MepeBbINOJIHHIH MWiaH, Apyrve %*Ke OKa3aJIHCb B YHCe 
OTCTAIOLUMX. 

OHHM H3 OCHOBHBIX (paKTOPOB BbINOJIHeHHA TWwlaHa mo oObemMy 
MpOYKUMH AB/IAeTCA OGecneyeHHOCTh lIpesMpHATHA paOoue CHJION. 
JL OCBeLeHHA BOTIpoca O BJIMAHHH 9TOTO MakTOpa MpHBOXHM KOp- 
PeIAIHOHHYIO TaGAMWY, CoepxKalylo Raunpie 214 npeaznpusaTuA 
KyH6bIleBCKOH O6lacTH o CTeMeHH BbINOIHEHHA HMM Ilana MO Ba-~ 
AOBO! MpPOAYKUHH B COYeCTAHHH C IIPOWeHTOM BbINOJIHEHHA Maha M0 
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UHCTy OTpaOOTaHHbIX YeNOBeKO-aHel (TaOHuUa 3aHMCTBOBaHa H3 
paOoTpt K. PascTosa, nomemeHHoH B Yuenbix 3anuckax IInanosoro 
HHCTHTYTAa, T. 2, KyG6pues, 1940). 

B pepxHux WH OOKOBBIX 3aroOBKax TaOAUUbl yKasaHbl MHTepBaIb! 
rpyMMMpoOBKH MO X (MPOMeHT BbINOJIHEHHA TlaHa MO HHCY yeOBeKO- 
AHeH) HO Y (MpOWeHT BbINOJIHeHHA MaHa NO BaloBOH MpozyKuuH). 
B cKoOKH 3aKJIO¥eHbI yCOBHbIe rpaHuupt: «155—(165)» BmecTo 
«cBblle 155», «(45)— 55» BMecto «no 55». 

BHYTpeHHHe KJIeTKH TaOJIHIbI COepxKAaT YACTOThI — 4uNCMa Mmpen- 
IPpHATHH, OKA3aBLUMXCA B COOTBETCTBYIOUIMX MHTepBaiax no x HU Y. 

T]omBegxeHbl TOPH3OHTAJIbHbIe H BEPTHKaJIbHbIe HTOTM YAaCTOTHI U 

_yka3aH oOmui utror 214. | 

Ilokaxkem Tenepb Ha pHMepe Ta6a. 27, Kak ocyujecTBIneTcA 
«UTeHHe» HWIH MPC ABapHTeIbHbIM AaHaJIH3 KOPPeJIAWHOHHOM TaGJIHIBI. 
IIpexye BCerO 3aMeTHM, YTO HTOFOBbIH CTOMOel, OOpa3yeT COBMECTHO 
C 3arlaBHbIM CTO6ONOM psa pacnpenenenua 214 NIpeAIpHATHH To 
BaJIOBOH MPOAYKUMH (aHa/IOrH4HO HTOFOBaA CTPOKa COBMECTHO C 3a- 
rlaBHOH OOpa3yeT pay pacnipezetenua 214 npeaznpusruit no aucay 
oTpaOoTaHHbIxX YesloBeKO-2HeH). Jlt6o% «BHYTPeHHHIi» crTom6ell 
TaONHUbI Take OOpa3syeT (COBMECTHO C 3araBHbIM CTOGNOM) pay 
pacnpefeieHuA TpesqNpHATHH no BanoBok nponzyKunu. Ho Kawah 
H3 3THX PAROB COMeEPKUT MPeANPUATHA C OHHAKOBLIM 3HAaveHHeM 
apryMeHTa X, T. €. C OMHAKOBbIM MPOWeHTOM BbINOJHeHHA IvIaHa m0 
pa6oueh cusie. Tak, NepBbli pay BKOYaeT 6 MpeANpHATHH co 3Ha- 
yWeHHeM X B HHTepBasie 45—55% (oKpyraeHHo 50%), crom6en 2 
BKuOUaeT 7 TIPeEAMIPHATHH, DIA KOTOPbIX X HAXOAUTCH B MHTepBase 
99—65% (oxpyraeHHo 60%), ut. a. 


IIpeampuaTHa nepsoro pana o6anqaiwrT HaHMeHBIUMM 3HaueHHeM 
apryMeHta (x). Mbi BHM, 4TO H NO BaoBOH MponyKuuu (y) 9TH 
MpeANPHATHA TakxKe HaXOAATCA Ha HH3KOM ypoBHe. CylenyiouiHi no 
NOPAAKY PA paciipemeenHA, AIA KOTOpOrO 3HaYeHHe apryMeHTa He- 
CKOJIbKO BbIIUe, OKA3bIBAeTCA H Ha HECKOJIbKO Oomee BbICOKOM ypoBHe 
3HaveHHh pyHKuuu. [lepexoaa masiee clepa HallpaBo B CTOpOHy 60.Ib- 
IHX, 3HAYCHHH xX, MbI BHAHM, 4YTO COOTBETCTBYIOIIHe PAI pactpe- 
AeNeHHA Y 3AKOHOMEPHO CMEILaloTCA CHH3y BBepX — B CTOPOHY Ooub- 
WWHX 3Ha¥UeHHH MyHKuHH. OOHapyxuBaeTCA 3ABHCHMOCTb M@KY Ba- 
JOBOH NposykuneH (y) HU YHCOM 4YeNOBeKO-qHeli (x). 

OgHakO 9TO He TOUHaN CYyHKUMOHAbHaa 3aBHCHMOCTb. 3mecb 
KaKOMY 3Ha4eHHIO apryMeHTa COOTBETCTBYeT He OHO CTporo onpe- 
fleeHHOe 3HayeHHe (YHKUHH, 4 pA, paclpeseleHHA BeHUHHBI y !. 
Taka 3aBHCHMOCTb Ha3bIBaeTCA KOPpeARYUOHHOL, 

[OBOpAT, 470 Y HAXOOUTCA B KOPPEAAYUOKNOL 3ABUCUMOCTU OT X, 
echu: 1) Kas#domy 3HaueHUIO Ap2eyMeHTa x COOTBeTCTeYyeT PAO pac- 
npedenenun dynkyuu y u 2) c u3smeHeHUueM X STU PAOLL 3AKOHOMEPHO 
U3MCHIIOT CBOE NOAOMEeHUE. 


; 1 3aBHCHMy}lo TlepeMeHHY!IO y Mb G6yeM, YCAOBHO Ha3bipaTb (pyHKunel, He 
CBA3KIBAA STOT TEPMHH C HaJIM4HeM CTPOTOH (YHKUHOHANbHOH 3aBHCHMOCTH. 
4) A. VW. Jlykomcenun 65 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


99 


eS 


IlpouenT BLINOAHEHHA naaHa NO BanOBOH NpOAYKWHH 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


K oppeaaWHOHHaA 


Ta6auya 27 
Ta6l1nua 


mia 214 mpeanpuHaTuA npoMblurmenHoctu Ky6pimescKkoh o6nactn 3a 1935 r. 























TIPH3HaKH: BANOBAA NMpOAYKUMA—IHCAO OTPaGOTAHHLIX VeAOBeKO-AHeH (B MpoweHTax K Many) 
























































| ; UpouesT BrNOAHEHHA Mana MO SHCA WelOBeKO-AHell “a 
[RTs [osare roman [asmos | 9 || METS || ME [HS Tar 
| 155—(165) | | : | 4 | | 1) A | | Ly ee | 10 
135—145 | | | | | | eae ak ol : i 2 : 8 
125-135 3 | | Dea AT ee Be | | | 20 
115—125 | : | | g 5 | 6 ts | | , 2 56. 
105—115 | pa | [ay @ ae et ae a aS Pe 1 a 
95-105 | 1 i 6 | 6 | 20 : g 2 1 44 
85-95 _ | 5 | 5 9 | 8 | 2 _ | 1 30 
75—85 | : 4 5 | 38 2 | | 19 
65-75 3 3 1 l | 8 
55—65 l 2 | l l 5 
(45-55 | 2 | 1 | | | eee | 
iment Too 7 4 - | 19 | 31 . a ! 3t | 24 : 8 4! 5 | 14 | 214 
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Ecau oe c U3MeNeHUeM X STU PADDL CBOE2O NOAONCEHUA Ne U3ME- 
HAIOT UAU UBMEHSIOT €20 Alb CAYYAUHO, TO Y KOPPeARYUOHHO He 
3aeucuT or x}, 


Ta61. 27 o6Hapy2KuBaeT KOPpeANMOHHYIO 3aBHCHMOCTD Me@XKY 
MPOWCHTOM BBINOJHEHHA MlaHa MO BaJIOBOH MpOAYKUHH HW MpOMeHTOM 
BHINOJIHEHHA TWwiaHa Mo 4ncy YeNOBeKO-AHeH. | 


g flone xoppengyuu 





55 85 75 85 95 105 5 125 135 %5 155 165X 
Yucno venobexo-Gned 6 % x nnany 


Puc. 20. 3aBHcHMOcTh MexAYy BanOBoH npoxyKunel X 
YHCIOM OTPaOOTaHHbIX YeNOBeKO-AHeH (B% kK niaHy) AaA 
214 npeanpuatTna 


UnTateo = =peKOMeHAyeTca, Mpopeda aHasiorv4uHbl anasns3 
Ta6. 26, yOequTbcaA B TOM, 4TO Me*KAyY yMpyrocTbio w pa3smMepoM 
3aMKa MOPUIHeBbIX KOJIell HMe€€T MECTO KOPPeJANHOHHaA 3aBHCH- 
MOCTb. 


Te 2Ke BbIBOABI MOryT ObITb CeNaHbI Ha OCHOBe aHaslH3a NoaA 
KoppeIaliuu (cM. pac. 19). Hanwuue y rouek KoppenauMoHHoro noma 
TCHACHIHM CMCU[aTbCAH CHH3yY BBepX MO Mepe Hallero nepexBHKeHHA 
C€Ba HalpaBo CBMMCTeIbCTByeT O HaJHYMH KOPPeAWHOHHOH 3aBH- 
CHMOCTH M@KTy y HX. 


Koppelaywounad Ta6Mua npumepa | 6nla cocraBleHa Hamu 





1 
lipnseqennan POpMyupoBka comepmRUT NOKa He BnoOTHeE OnpeevIeHHble 
Mies alee H “3a4KOHOMEPHOFO> H3MCHENHA «NOG KeHHAY PAIOB pac- 
TPeAeeHHA. DoMee TCUHOe ONpeneneHve NOHATHH KODDeN i 
: ene, AUHOHHOH 3aBH 
OyneT Mayo Hue. Re ieee 


* 
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Puc. 21. CrepeorpamMMa pacipedjeenHn | 





Puc, 22, MuororpaHuHK paciipeweaenna 
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Ha ocHOBe novia KoppennunH. Jia IpHMepa 2 NocTpouM Noe KOp- 
PeIAUHH Ha OCHOBe KOPpeJALHOHHOH TaOJIMUBI. 

Jlna stoi Wem Ha KOOPAMHATHY!0 MWiocKocTb (xy) HakJlaypIBaem 
CeTKy MpPHMeHHTeIbHO K HHTepBawaM KOppeAUMOHHON TaOMHIUbI 
“uaCTOTY KawKMOH KeTKH H300paxKaeMm B BYE COOTBETCTBYIOULErO 
uHCA TORK, PAaBHOMEPHO pacnpeseMeHHIX BHYTPH KseTKH (pH. 20). 

Tlon06Hoe nome KOPpeIAUHH, COCTABJIGHHOe Ha OCHOBe KOppeis- 
IHOHHOK TaGJHUbI, HASbIBAeTCA BTOPUYHNDIM. 

TeometTpuueckyl0 (POpMy CHCTEMATH3AUMH ONbITHOTO MaTepHaJa 
NpesCcTaBJIAIOT Take TpeXMepHble MO/leJH —CTepeorpaMMbl H 
MHOrCrpaHHHKH pacmpemesicnua. UacTOTbl WIM MIOTHOCTH WacTOT 
H306paxkawica 30eCb CTOOHKAMH HIM MepneHAMKyJIApaMu, BOC- 
CTAHOBJICHHDIMM K MVJIOCKOCTH (XY) H3 COOTBETCTBYIOIWMHX KUeTOUeK 
(cm. pue. 21 uw 22). 

2Iror cnoco6 u300paxKeHHA RaHHbIX HMeeT NPHHUMMUabHOe 3Ha- 
yueHHe B TeOPeTHYeCKHX BOMpOcax, HO Ha MpaKTHKe HCIOJIb3yeTCA 
peJIKO. 
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[AIABA TLV 
HCCJIELOBAHHE ®OPMbI CBA3H 


§ 1. IMIMMPHYECKAA JIMHHA PEFPECCHH 


KoppesIAWHOHHAA 3aBHCHMOCTb BbIpaKaeTca B 3aKOHOMEPHOM 
CMCUICHHH PAROB pacnpefeeHHa QYHKIMH B CBA3H C H3MeHeHHeM 
APryMeHTa. OTO CMeljeHHe MoxeT ObITb Ooslee HM MeHee GOBICTDEIM, 
OHO MOXKECT MPOHCXOAUTh B CTOPOHY yBeHYeHHA HIM B CTOPOHY 
YMeHbUIeHHA PyHKuuH. M3yyad kKoppeAAUHOHHYIO 3aBHCHMOCTb, MBI 
OOA3aHbI ONpPeAeIHTb, B KAKOM HalpaBeHHM HW KaK ObICTpO CMella- 
fOTCA PAMbI pachpemeeHHA (yHKUNH Ha TeX HH MHbIX y4acTKaX 
H3MeHEHHA apryMeHTa. HeoOxogMMO MOSTOMY HMeTb TOUHYIO OLeHKy 
NOMOKCHHA PALOB pacnpeweseHHa MyHKUHH Ha ocu'y. U3 Teopun 
PHAOB PachpeweNeHHA H3BECTHO, YTO STOH Le CJIYXKUT BbIUHCeHHe 
Cpe€QHHX MoKa3aTevieit. 

PaccuuTaem no Tau. 27 cpenHne BeIMYHHDI AIA BCeX pALOB pac- 
NPeHeeHHA Y, COOTBETCTBYIOWIHX 3a/,aHHbIM 3Ha¥UeHHAM xX. Bprunc- 
JICHHA MPOH3BOAHM lO PopMyvle cpeaHeH apudMeruyecKol, Kak 93TO 
OObIUHO MpHHATO Np UCCeMOBAHUH KOppeAUHOHHOM 3aBHCHMOCTH. 

















ina nepporo pga pacnpere- lia sBroporo psaga  (npu 
JeHHA (mpu x=50): x= 60): 
2 
70 3 210 110 l 110 
60 1 60 100 0 0 
50 100 90 0 0) 
7 ieee. ee ee 80 0 0 
Mtoro | 6 370 70 3 210 
60 9 120 
50 ] 20 
Utoro | 7 | 490 
—  Ymy 370 —  Ymy 490 
a = ——_- = 6 - —_—= - = —- = 
aaa roa | 1,67 Ve 
70 
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Pacuetnt cpewHux y; yAoOHee pacionaratTh B o6meh Tab61nuWe, 
MpOH3BORA UX MapasenbHO Avia BCeX PALOB HW NPHMCHAA yIipouleH- 
HEI Cmoco6, Kak 3TO MoKa3aHO B TAO. 28. 

Tloscuaem xo BbmucneHui. II[pexme Bcero BapHaHTbl Y SaMe- 
HAeM YIIPOWeHHbIMA BapHaHTaMH Y” C NOMOUIbIO mpeo6pa3s0BaHHA 

ee ld 


| i 
y 
rae C= HOBOe Hayao OTCUeTA,; 


i, — MHTEPBa FPyNNHPOBKH NO Y. 


B nawem cayuae C, == 100, i, = 10. Ynpomenunle BapHaHTbl y’ 
nuWeM B weBOM cTOMOue Tabu. 28. 


Jlanee yMHowKaeM YacTOTy KaxKAOH KeTKH KOPPeJIALHOHHON Ta0- 
JIM] Ha COOTBETCTBYIOWWMA BapHaHT y” HW NpOwsBeseHHe 3aNHCbIBaeM 
B IIPaBOM BepXHeM jIvly KeTKH. TloqBOqMM HATOrH STHX MpOH3Be- 
jleHuii mo cToM6uaM WM 3anvcbisaeM B HUAKHeH CTPoKe TaGJIMUbI (3a- 
romoBok 2, y’m). Tena Kak Ibi UTOP Ha YNCIO*HaG6OAeHHH B CTOO- 


ne /,, Momyyaem cpeqHue yi B YMpOUleHHOM MacluTa6e (3alHcbipaeM 
CTpOKOH HH«Ke). | 
Haxonel, mo dopmyvie 


y,=i,- y, +C,= 10y, + 100 
nepeBOAUM yNpOMleHHble cpeqHHe y; B HCKOMBIe cpeqHHe y 
(3anvCblBaeM CTpOKCH HHxKe). 


PesynbTaTH! Moncuera usoOpaxaem rpaduyecku Ha Mole Koppe- 
nsyuu. Jia sToH wel H3 CepeAHHEI HHTepBaloB apryMeHTa MBIC- 


JICHHO BOCCTAHABJIHBaeM OPAHHATHI, COOTBETCTBYIOIIHE 3HadeHHAM J; 
Bepulnubl OpAWHAaT MOCMefOBaTebHO COCAMHACM IIPAMBIMH JIMHMAMH. 
TlonyyeHHaa JlIoMaHad JIMHHA Ha3sblpaeTcA emnupuveckou <AunUeL 
peepeccuu y No X. 

Jluuua perpeccuu moKka3blpaet, KaK CMeLQIOTCA pxdet pacnpe- 
denenua y c yeeAuueHuem X UAU KAK 6 CpeOHeM USMeHAETCA Y 
c yeenuuenuem Xx. 

Puc. 23 oGHapy2KuBaeT OTUeTIMBy!O TeHJeCHWMIO K pocTy Cpes- 
Hero MpOleHTa BbINOIHeHHA MaHa NO BasOBOH MPOAYKUMH B CBASH 
© yBeIHYCHHeM MIpOWeHTa BbINOJIHEHHA Maha NO YHCJy YeOBeKO- 
nue. TlocrynaTeibHbIi xo JIMHMM perpeCCHH HeCKOJIbKO HapyillaeTca 
3Hr3araMH, KOTOpbIe MMeloT C/lyuaHHbId XapakTep: OHH CHJIbHee Ha 
TeX yuacTKax JIMHHH, Toe HaOwlOseHHH MaJlO, H YMECHBUIAaOTCA B TEX 
uaCTAX rpaduKa, KOTOPble MPOXOAAT CpeAH S3HAYHTEIbHOrO YMCA 
ToueK nous. Tak, HallpHMep, CHJIbHOe 3amaqeHHe JIMHHH perpeccHH 
HaOsmogaetca npH x=140, rge cpeqHAA BHIMHCeHa BCero JIMUIb Mo 
ueTLIDPeEM HaOJIOMeHHAM. © | 

SMMMpHUeCKy!0 JIHHHIO perpeccCHH Hy2KHO paCCMAaTPHBaTb B MOue 
KOppeAuMH Ha (OHeE HHAMBYAyaJbHbIX TOUeCK, KOTOPble OHA 
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| Taé6auya 28 
Pie et bate meet P AC4eT SMNMPH4YECKOA AHHMM perpeccHH 
| a ee eae aie Dae! 
y fy | 60 fF Bo 7 90 | 100 | 110 | 120 | 130 | 140 | 150 | 160 | Hore 
muae Pee. | : Pd Ola. Gls 2, | 6 I me a ar 
Pye ie ee (Se | fa 5: ! | | | 9 Wi 3 15) ¢ 
ic ee ot ee, a Ce | p44 Wl 4 TT 4l 9 8] 3 
313) a re pa 12! 4 12) 3 9] § 15) 4 12] 1 | - 
21 pe 2 Mae 10) ge MOG le al i, ely, I ag 
iO. We. oh oe Phe as Pe ela Al 1) ga 9 2) 49 
o | 100 | , loa] 6 6 | » | s | 2 | ro ae . ee 
2 a _ 1 — 1] 6 ~§| 5-5] 9 -9| 5 ~8/ 9-2! war. =: 
2 | 80 | as Ree a) is hee 5 ae ges eae, | | | | 12 
31.9 jel ssi | - a 7 es 
=f 60 ee ao J Ue en | | J | ca los 
= | ‘ae ge ee | a ae ae | pod al 3 
es : hy ee | 4 i 7 i a1 |} ot {| 3 | a4 | 3 ae ee a O14 
|i |_—23 | —21 ! 6. | 10) <8 399 | 2 | st ft 2 oe 2) oo | 
2 1 28.84 3.00 —1,50. 0,53 0,26 | 0,64 0,90 | 2.18 2,63 | 0.50 | 4,40 | 3.71 | 
| Me 61,7 © 70,0 ' 85,0 | 94,7 | 102,6 | 106,4 | 109,0 | 121,3 | 126,3 105.0 144,90 (1371) 
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ocepequseT. BOHM «JOBepHeM» NOJIb3YIOTCA Te “acTH JIMHHH, 
KOTOpPble MPOXOAAT B «ryCTbIX» MeCTaX KOPPeJIALMOHHOFO MOVIA, H 
MeHee Hafe2KHbI Te YaCTH JIMHHH, KOTOPbIe HaXOMATCA B <paspe- 
*KCHHbDIX> MECTAX NOJIA. 


} 
J  — Imaupuyecxan Aunun peepeccuu u none Koppenayciit 








Banobaa npodyxyun 8 % kK nnany 





55 65 75 85 95 105 15 125 135 %5 155 165% 
Yucno yenobexo-dueil 8 % K nanhy 


Puc. 23. 3aBHCMMOCTb MeXKLY BaNOBOH NporyKunel uv 4Hc- 
JOM OTPaOOTaHHbIX YeTOBeKO-AHeH (B % K MaaHy) Aaa 214 
NpeANpHaATHH 


B cHJly 3€KOHA OOMbILMX UHCI MOXKHO YTBEPKAaTb, YTO M0. Mepe 
YBeIHYeHHA YHCa HaOMOLeHMH Ciyyainble 3ur3ara sMHuA 6yzyT 
CrlaxKUBaTbCA HM NocweqHAA OyeT MPHHHMATb BCe Goslee npaBHilb- 
HbIM, 3AKOHOMEPHbIN XapakTep. 

ITpedearbHoe nonomenue amnupuueckoll AUHUU peepeccuu, K KOTO- 
POMY OHA CTPEMUTCA NPU HEO2@PAHUYEHHOM YBeAUUeHUU UUCNAa HAOATO- 
OeHull (uU OOHOBPemMeHHOM, HO He CTOAb ObICTPOM YMeNoWEeHUU BenU- 
WuHbl UNTEPEANOB apeymeHTa), OyOem Ha3zoleaTo NpederoHol TeOpe- 
TUMECKOU AUHUeK peepeccuu', Ee HaxomKWeHHe COCTaBJIAeT OHY 13 
OCHOBHBIX mpoOviem TeopHu KOppelAlMH — npobremy gopmot censit. 

MbI MoxeM Tenepb CeAYIOULMM O6pa30M YTOUHUTD onpenemeHue 
KOPPeJIALHOHHOH 3aBHCHMOCTH. 

IlepemeHHan YHAXOOUTCAB KOppeAAYUONHOL 3aBUCUMOCTU OT X, 
ecAu: 1) Ka#Oomy 3Ha4eHUIO ApeyMeHTA X COOTeeTCTBYeT PAO pac- 


1 B KaKOM CMbiCJle 30CCb H B APyrHX AaHaNOrM4uHbIx ClyuadX NOHHMAaTb BBI- 
paxkeHhe «CTpeMHTCA K Npesery Np HeQrpaHHyeHHOM YBeHYeHHH 4HCa HaGut0- 
AeHHH», GyeT yToOuHeHO B passene III. 
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npedenenuan (bynkuuu y u 2) npederbnan TeOpeTuuecKaA AUNUR pe- 
epeccuu y nO x He napaAAeAbHa ocu abcyucc. 

Ecau oe npeOenbuan TeopeTuuecKaa AUHUA peepeccuu y no x 
napaaAseAbHa ocu abcyucc, TO Y KOPpeAAWYUOKHO He 3aBUCUT OT X. 

TloHaATHe kKoOppewAMHoH- 
HOH 3ABHCHMOCTH ABIAeTCS 
YaCTHDIM caysaem Oovlec 
OOllero MOHATHA = — 3UBiI- 
CUMOCTU = CTATUCTUYECNON. 
Pa TlepemMewHan y HaxoJUTcs 
— aS B CTATHCTHYeCKOH 3aBHCiI- 
an re MOCTH OT xX, ecu: 1) Kax- 
‘ OMY 3Ha4eHHIO X COOTBET- 
CTByeT pA. pacipemeteHun 
4 y HW 2) C H3Me€HEHHEM X STII 
Sg PAbI 3AKOHMOMePHO H3MCHA- 
a oe IOTCH. 
TlocaeqHHH TepMHH MO- 
*KeT O38HAYaTb He TO.IBKO 
H3MeHeHHe MOOKeCHHA PH- 
x JLOB, HO H H3MeHeHHe pac- 
Puc. 24. Jlmana perpeccnu y no x mapaa- CCAHHA, CTCENCHH aCHMMeT- 
qeabHa ocw a6cuncc. C ypeanuennem x pac- PHH H ApyrHx ocobexiio- 
CefHHe y YBeEAMYHBAeTCH. y CTATHCTHYeCKH ceili, XADAKTePH3YIOIWWHX 
34BHCHT H KOPPeAAI[HOHHO H@ 3a4BHCHT OT x (popMy KpHBoH pacmpere.tc- 
HHA. 

Ecuv Ke C H3MeHeCHHEM X PATbI pacnpeweyleHHA Y He H3MeHALOTCA 
HJIH H3MeHAIOTCA CJ1Y4UaHHO, TO Y CTATHCTHYeCKH He 3aBHCHT OT ¥. 
OueBu AHO, UTO BCAKAA KOPpeIAMHOHHAA 3ABHCHMOCTb ABJIAeCTCA OHO- 
BD€MECHHO CTATHCTHYeCKOH 3aBHCHMOCTbIO. OHaKO He BCAKAA CTATH- 
CTHYUCCKAH 3ABHCHMOCTb ABJIACTCA KOPpeJIAWHOHHOH 3aBHCHMOCTDIV. 
Ha pune. 24 noka3aH cayyah CTaTHCTHYeCKOH 3aBHCHMOCTH Yy OT X, 
He ABJIAIOWICHCA B TO Ke BPCMA 3A€BHCHMOCTbIO KOPpeJIAWHOHHON. 

B Tex cyyanx, Kora XapakTepucTHKa NOJIOKeHHA PAJa MpH Mo- 
MOLLH CpeAHeH APH@METHYECKOH OKASHIBaeTCA HEMOCTATOUHOH HW WIA 
¥TOH len mpHOeraioT K pacueTy Apyrnx cpeqHHX (HanpHMep, Me- 
JMaHbl, MOJbI), JIMHHH perpeccHH Tak»xKe PaCCUHTbIBaIOTCA TO 3THM 
cpeqHuM. Bonpocbl, Tpe6yloulve HCNOJIb3OBaHHA TaK Ha3bIBaeMbIX 
(DYHKUHOHAJIbHbIX CpeHHX, paccMaTpuBaloTca B rviaBe VI. Bo Bcex 
TaKHX CJY"aAHX TePMHH VJIMHHA perpeccHu CJleayeT COMPOBOKMaTb 
yKa3aHHeM Ha (POPMy MIPHHATHIX WA ee pacueta cpesHux. Ecun 
HeT MONMOJIHHT@IbHOTO YKa3aHHA, TO CleqyeT CUHTaTb, YTO pH M0- 
CTPOCHHH JIMHHH perpeccHH HCMO/Ib3yIOTCA CpeqHHe apHdmertu- 
ueCKHE. 





§ 2. HCTOJIKOBAHHE JIMHHH PEFPECCHH 


B & 1 raappr HI Obit yKa3aHbl ABe OCHOBHbIe 3aa4uH M3MeEpe- 
HHA CBA3H B CTaTucTHKe. [loKa>KeM, 4TO JIMHHA perpeccHu MpH onpe- 
ACJICHHbIX YCJIOBHAX MaeT pelieHHe MepBOH H3 3THX 3aay. 
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Samaya Oblia cPopMyHpoBaHa CwenyIOWIHM OO6pa30m: ycTaHo- 
BUTb, KaKOBa Oblla Obl 3A4BHCHMOCTb MeKAY PyHKWueH H OAHHM H3 
ee apryMeHTOB, eCJIH Obl Tpouwe apryMeHTHI STOH yHKUHH He H3- 
MeHAJIMCb (IIPH4YeCM BbIACHHTb 9TO Ha MaTepHaJe, rae mpoune apry- 
MeHTbhI Ha CaMOM feJle H3MeHAIOTCA — BapbupyloT). Bpipaxenve 
«mpouwe APryMeHThI® He ABJIACTCA MOCTATOUHO ONpeAeIeHHbIM; eFo 
HeOOXOAMMO YTOUHHTh AIA TOO, YTOOKI NOCTaBJeHHaA 3afa4a HMeJa 
CMbICJI H MOria NOJYYHTh ONpesemeHHoe pewleHHe. B camMom Jeu, 
B JKOO6OM BOMpoce MOXKHO MO-pa3HOMYy OMpeeIAHTb «Mpouvwe apry- 
MeHTbI> HM TOY4aTb Mp 93TOM 
CYIECTBEHHO pa3JIH4Hble BbIpa- 
*KCHHA UCKOMOH 3aBHCHMOCTH. 

IIpumep. [lp maccoBom 43- 
rOTOBJICHHH UHMHApHueckoH je- 
tatu (BamHuKa) JIMHeHHbIe pa3- 
Mepbl H Jpyrve 3JIeMeHTbI ITOK h 
weTalH OOHapyKHBalOT BapHa- 
unio. Mexay BecOM BaJluKa H Puc. 25 
JIPYTMHMH BaPbHpyIOUMMH = IIpH- 

_ 3HaKaMH HMeeT MECTO CJleqylolllan CyHKUHOHaIbHad 3aBHCHMOCTD: 





g=rrrAy(l +e), (4. 2. 1) 

rie g— Bec BaJHka; 

r—paguyc nonepeuHoro ceyveHHs; 

A — .AWHA BasiHKa; 

{— YaseVIbHbIA Bec MaTepHasa; i 
({+e)— kosh@uuvenT uckKaxkKeHHH WHIHHApHuYecKOH opmu 

(BKIOUaIOLIHA WH OWMMOKH H3MepeHHA); 
™ — NOCTOAHHOE UYHCAIO. 


M3 dopmyapi (4. 2.1) caeayetT, 4TO Bec BaAHKa g H3MEHAVICA 
Obl NPONOpUHOHabHO Késeadpamy r, ecAn Onl ,Mporue ap2ymen- 
mou“ peca—A, Y, (1 + ¢)—He BapbHpoBaan. 

OnHaKO BMECTO 3TOK MOPMYVJIbI MOXKHO HCMOJIb30BaTb 3aBHCH- 
MOCTb 


=> Sri(i-te), (4. 2. 2) 


roe S— peanunna 6GOKOBOM MOBepxHOcTH BawHKa (S = 2rr-h), 

M3 dopmyau (4. 2. 2) cuenyetT, 4YTO Bec g H3MeHHACcA Ob 
IIPOMOPUMOHaIbHO Mepsom cmenenu r, ecu Obl Npoyne apry- 
MeHTHI Beca—S, Y, (1 + ¢)—He BapbHpoBaun. 


Mbt NOJIy4HJIM Ba CYILeCTBeEHHO Pa3/IHYHbIX OTBeETa Ha MOCTAaB- 
JeHHBIM Bonpoc. IIpHynHa sTOMy OYeBHAHa: He yuTeHa 3aBHCHMOCTb, 
KOTOPpanA CYLeCTByeT MeXKAY «<IPOUHMH» H OCHOBHbIM apryMeHTOM, 
B JAHHOM cJlyuae Mexay S ur. Mexay TeM ACHO, YTO, 3akpellan 
APryMCHTbI, 3ABHCAULHe OT OCHOBHOrO, MbI AOJKHbI NOJYYHTb HHOe 
pelueHHe 3afauH MO CpaBHeHHIO C TeM, KOrfa 3aKpeMIAIOTCA apry- 
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MCHTbI, OT OCHOBHOTO He 3aBucantie. Orcioga cvlexyer, uTo B iop- 
MYJIMPOBKC OCKOBHOM 2aauH Mbl O6A3aHbI TaK WAM MHaUe OroRO- 
PHTb XapakTep SABKCHMOCTH APTYMCHICB, KOTOPbIC Mbl H&@3biBpacy 
<MPOTHMH», OT APryMcHTa, BAMAHHE KOTOPOrO Ha (*PyYHKIUHIO MEI CO- 
Oupaemcsa mpociequth. TokaxkeM, KakUM IlyTeM 93TO OCYUIECTLJINETCH, 
Breem cuiexyioulue JonmyureHHa: 

a) ByeM npegnowaratTb, uTo BAMAHHe mpoux apryMCHTOB Ha 
PYUKIMIO COUeTACTCH C PIMAHHeM x MO 3aKOHaM ¢C.lOKeHHA 1 YMIIO- 
wont. MHbIMH COBAaMH, NoOJIOxKHM | 


Y= u + ve(x)+ w(x) 4-..., (4. 2. 3) 
rae 9(x), p(x)... —Tounwe dynxuun x (Hanpumep, x, x2, x3, 
Sinx, Inx,... HT. 4); 

d, U, W...—Npoune apryMeHrhl y, KaKAbIi “3 KOTOpPHIX 


MOKCT OKasaTbCH pe3yYAbTATOM jleHcTBUA 
MHOrHX akToOpos. 


 Yactbim cyyaem cootHomenua (4.2.3) sanasiorcsa (POpM yb 
(4.2.1) uw (4.2.2) mau, nanpumep, dopmy.ta 


sin x 
y=u+ue+ me JIp. 
l+- x 


6) «ITpoune aprymeutpi»y nosioxHM KOPPe€AANUOHHO He 38aBUCH- 
i4uMU OT OCHOBHOrO aprymelita x. 

IIpu Haduunn yerosult (a) u (6) 6ymem rOBOPHTb, 4YTO MpouHe 
aPryMeHTbI JeHCTBYIOT AOOUTUBHO (COXKeHHeM), MY ASTUNAUKQATUBHO 
(YMHOXKEHHCM) H NesaGUCUMO OT ApeyMeHTA X, WAM, KOpoye, eli- 
CTBYIOT 10 cxemMe (A-——-M — H). 

OcHopiyio 3amauy ciopmysiupyem Terepb CTC LYIOMIMM OOpa3om: 

BolacnuTe, KaKoba Oolaa Oot 3aeucuMmocTo mexcdoy MynKkuuett y 
ik OOHUM UZ €@ AP2YMCHTOB X, eCAU Oot NpOuue Ap2yMeCHTOL (YHKYUUU, 
Oeticreyrouue no cxeme (A—M—H), ne usmenanuced — naxodu- 
AUCb HQ OOHOM U TOM aCe CpeOnHem YypobHe. T]puuem 6oLICHUT® 93TO 
Ha MaTepuane, 20e Npoutle Ap2yMeHToL HA CAMOM OAC UBMEHAIOTCH, 
Q UX SHALEHUA HAM HeU3GECTHOL (NPOUUe APe2YMCHTbL ABAARIOTCA He- 
YUUTLBACMOIMU NPUZHAKAMI). 

Moko NOKa3aTb, YTO peuicHue CPOPMYAUPOGAHHOL BoC OCHOB- 
HOW 3ada4u OaecTCA NpedeAbHoli TeopeTiuuecKoli AUNUeTi peepeccuu 
no x. Ova BarxkKHasd WHTepMperauua JMNM perpeccnn Obiwla BlepBble 
ykasana mpod. A. SH. Bosapcxum [5]. 

[IpueoquM OKa3saTeJIecTBo. 


Ilyctb y=u-t-vo(x)+wo(x)+..., 


rhe u, UV, @...— BapbupyloulMe apryMeuTH (byHKUHH, KOppeva- 
IKHOHHO HE 3aBHCALWHE OT apryMeHTa x (cxema A—M-—H). 
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B mpoiecce BapHaluH Mpv3Hak X MOKeT MPHHUMAaTb pa3.in4- 
HbI€ 3HAYCHHA! X1, Xo,...X%,, MPHYeM KaxKAOMY 3HaAYeHHIO X COOTBET- 
CTByeT pA paciipemelenuaA Npu3sHaka y (STO Merko cede mpescta- 
BHTb, PaCCMATPHBaA MOCMeMOBAaTeIbHble CTONOUbI YaCTOT B KOppe- 
JIAWMOHHOH TaGsHWe, CBA3bIBaIOWeH y c x). AHNasorHyHo w10G60My 
3HAYeHHIO X COOTBETCTBYIOT PAbI pacnpewevieHHA MO KaxKOMy H3 
MPH3HAaKOB Ul, V, W... Z 

Jlanum x 3HaueHHeE xX, HM paccyHTaeM cpeHee 3HaYeHHE yj, 


COOTBeETCTByloMlee X,. OUeBHAHO, 4TO 


roe cyMMa L,y OepeTca a1 TeX SAEMCHTOB COBOKYNHOCTH, KOTO- 
phe OGanaloT 3HayeHHeM X,; 4; — 4HCAO TaKHX 9/1eMCHTOB. 
Ho Liy=Lw + (x) 2,u-- 9 (4) 2,0-+.., 


rine Lu, Lv, U,W,... SGepyTcH 21a TeX 9IEMEHTOB COBOKYNHOCTH, 
KOTOpbIe O6.1a-1a1l0T 3HaveHHeM X,. Orciona 
VY, = 4, + 0,9 (2X1) + w,O(x,) +..., (4 2. 4) 
rhe Wy. Vy, Wy jo IIperCcTaR#IOT COOOf CpeqHHe 3Ha4YeHHA NPOUHX 
apryMeHTOB, COOTBETCTBYIOIHE 3a2aHHOMY 3i1ayeHHlO Xj. 
AnasiOrnuHo 


Yo = hy + Uae (Xp) + WY (X_) +... 
ee (4. 2. 4’) 


Y,=U, + 0,9 (x,) -- WY (X,)+-.. 


—-- 


CnenopaTesIbHo, JIA 2MMHPHYeCKOH JIMHHM perpeccHH y NO xX 
HMeeT MeCTO ypaBHeHHe 


y, = i; Sh U;9 (x,) + wt (Xa ee (4. 2. 4”) 


Ho Tak KaK apryMeHTbI U, UV, W... KOPPeJIAHMOHHO He 3aBHCAT 
OT X, TO HX CpeHHe 3HaueHNa B Mpelese mpH Weorpannyenno OOuIb- 
UIOM 4HCJIe Ha6JOAeHHH He JOJKHbI H3MeCHATHCA C H3MeHeHHeM X. 

CurelovaTeibHO, HMelOT MeCTO TIPHOJIMKCHHbIe PaBCHCTBA: 


— 


Wl, Wy w ee Pu, 
OS Ug Shin SU, SY, (4. 2. 5) 


Wy SW, .. TVW, LY, 


KOTOpBIe c yBeanuenHem Ay, Ay,...4, CTAHOBATCA BCE OOee TOUHEIMH, 
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OTCcioga LAA pene wbHOlt TeopeTHYecKOH ANHHH perpeccun 
1) X NOW4aeM ypaBHeHHe 


Y (x) =u-+ v9 (x) + wo(x)-+... (4. 2. 6) 


Conoctapiaa dopmyty (4.2.6) c¢ dopmyoH (4.2.3), mpi 
yOexaemca B TOM, YTO MpexebHad TeoperwyuecKkaa JINHUA perpec- 
CHH MaeT pelieHve MOCTaBJIeHHOH 3aqaun. Ona mnoKa3biBaet, Kak 
H3MCHAaCb Obl (PYHKUHA Y C H3MeHeHHeM apryMeHta x, ecu Obi 


HMpONHe C€€ apryMeHThl HW, VY, W..., MeHCTBYIOILMe 0 cxeMe 
(A —-M—H), waxoausinch Ha OAHOM H TOM oxe Cpeonem ypoBue. 
EcaH 4nCaa Ha6stogeHHi 4, Ay,..., HeBeMKH H paBeHCTRa 
(4. 2. 5) oCVueCTBAAIOTCA AMID NPHOAMKEKHO, TO KO.1e6.1eMOCTb 


HHCe Uj, U;, W,...B ypaBHeHnn (4.2. 4”) co3naeT 3ur3aro06- 
PasHblH XapakTep ImnupuvecKoa AMHHH perpeccHH. 


BCNOMHHM, uTO apryMeHIbl WU, U, W,... ABJIAIOTCH Heyuumol- 
6QeMbLMU MIPH3HAKAMH. Ham, MOmKer 6bITb, MaKe Hen3BecTHA 
MdaTePpHa/ibHad MpHpOa apryMeHTOB 4, VU, w,.., XOTA NOHHMAHHe 
MaTePHaIbHON UpPHPOAbl STHX APryMeHTOB CYLLeCTBEHHO M15 yac- 
HCHHA Pea/IbHOrO CMbICa HOMyYaeMblX 34KOHOMEPHOCTed., 

BaxkHO OTMeTHTb, 4TO yKa3aHUbiit MeTOA — Me€TOA pacueta pe- 
PpeccHH Y 0 X¥— NO360ANeT OCBOOOOUTLCA OT BAUAKUAR BCex apzy- 
MeHTOB Mynkyuu y, Oeticreytowux OONOAKUTeEAbHO K apeyMeHTy x 
no cxeme (A—M—H), kaxoeot 601 nu 6otau KOHKpPeTHble 3Haue- 
HUA STUX APeYMEHTOG  KaKO6a bol Hu OolAa MaTepuaabnan npupoda 
nNOCACOHUX., 

B 9TOM MeTOJe HCNOMb3YIOTCA JIMIIb aHHble o pacnpezeseHuH 
CTaTHCTHYECKOH COBOKYMHOCTH NO ABYM MIpH3HaKamM xX H Y. 

Ecaa apryMeHTbl W, v, W,... HAXORATCA B KOPpelalun c x HAH, 
BooOle TOBOPA, He jelicTBy!IOT TIO CcxeMe (A -——-M—H), To meroy 
perpeccHl He OCBOOOK1aeT 3aBHCHMOCTbh Me*KAY Y UX OT BIMAHNA 
H3Me€HYMBOCTH STHX AapryMeHTOB. 

JlIn MOCTHKeHHA NocTaBAeHHOH LWeH Heo6OxonuMo NPHMeHHTb 
Coulee CHJIbHbIC CTATHCTHUeCKHe MeTOAbI — MeTOAbI MHOKeCTBeHHOT 
KOPPeJIAWMH, KOTOPbIe, OMHAKO, ONMpPaloTCA Ha OONOAHUTEAbHOU YyueT 
6CEX HAXOOAIUUXCA 6B KOPPeAAYUU CX NPUSHAKOB, BJMAHHE KOTOPBIX 
Mbl COOHPaeMCH SJIMMHHHpOBATD, T. e. Ha Golee WHPOKy10 cTaTHCTH- 
uecKylO HH@opMaunlo. B page cayyaew BOMpoc MOxKeT ObITb peleH 
HM B paMKaxX KOPPeJIALMM ABYX IlePeCMeCHHBIX MpH NMOMOLMWM MeTona 
PYHKUHOHATIBHOH perpeccuH, KOTOpbI Mbl paCCMaTpHBaem B raaBe VI. 


§ 3. TEOPETHYECKAA JMHHA PETPECCHH 


lis ompeqeienua MpegxedbHol TeopeTu4ecKoi HHHH perpeccuy, 
AaHHOTO Ha CTp. 72, BbITeKaeT H IPAMOH NyTb ee HaXOMKJeHUA: He- 
OOXOZHMO YBeEIHYNBATb HCO Ha6OZeHHI (OMHOBpemenHoO coKpa- 
lad HHTepBaJibl TPyNMHPOBKH apryMeHTa) MO Tex Mop, WoKa exKa- 
Illad B OCHOBe€ 3aKOHOMEePHOCTb He BbIABHTCA C VAOBJIETBOPATOLell 
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Hac TOYHOCTbIO. OgHako 3TOT MIpAMOH NyTb OObINHO HeOCTyMeH 
HiccyleqOBaTeIO, KOTOPbIN BCerfla HMeeT eO C OrpaHHYeHHbIM, a 
yuaCTO H He O4eHb OOJIbILMM UYHCIOM HaGJomeHHH. Uro6n B 2THX 
YCNOBHAX OOHAPyKUTb 3AKOHOMEPHOCTh, OTUCTVIHBO MPOABJIAIOLWYIOCHA 
JIMIb B Macce HaOJ102eHHH, HEOOXOZHMO YMECTb HCMOJIb30BaTb KOC- 
BeHNblie NPueMoL AHAAUZA. . 7 

He cmenyeT, ORHAKO, MoNaraTb, YTO B pe3yJIbTaTe HX IIpHMeHeHUA 

MbI HaljeM JCHCTBUTGIbHYIO MPeAe/IbHylO TeOPeTHYeCKY!IO JIMHHIO 
perpeccHH; Mbl MOMKeM NOMYYHTb JIMIWb NpHOJMKeHHy!O OYeHKY M0- 
cnenHel, H Jia Toro, uTOObI 9Ta OWeHKa Oblla BO3MOKHO AyuMleH, 
HeOOXOAMMO 3HaTb, Kakoro pofa MHopMauuA MOXeT ObITh NpHBJe- 
ueHa K Jey, H YMeTb MpaBHJIbHO pacnopsxAUTbCa STO MHopMa- 
wen. 
. QOmeHKy, Mpou3BeqeHHyl0 Ha OCHOBe OFpaHWyeHHOrO 4HCIa Ha- 
6r0NeHHH, BO H36exKaHHe H3/IMWHAX TeEPMHHOB OyweM Tak?Ke Ha3bl- 
BaTb TeOpeTHYeCKOH JIHHHeM perpeccHH, HO 6e3 yMOMHHAaHHA 9NHMTeTA 
«lpeweibHaa». TepMHH <IipeedbHad TeopeTHuecKad JIMHHA perpec- 
CHH» MbI COXpaHs#eM JIVIWb MIA elCTBHTeIbHOM JIMHHH, K KOTOpOH 
CTpeMHTCA SMMMpHuecKan JIMHHA perpecCHH IPH yBCIHYCHHH YHCa 
Ha6s10eHHH. 

TIpouecc HaxoxKAeHHA TeOpeTHyeCcKOH JIMHHW PerpeccHu 3aKJIO- 
uaeTcA B BbIGOpe H OGOCHOBAHHMM THMa KPHBOM MW pacueTe napaMeT- 
poB ee ypaBHeHHa”. | 

IIpenetbHad TeopeTHueckad JIMHHA perpecCHH MBICJIMTCA, Kak 
MpaBHJ0, B BUe MWlaBHOH KPpHBOM, BbIparKalolleHcCAd MATeMaTHUCCKUM 
ypaBHeHHeM Toro HJM HHOrO Tuma. B TakoM x*xe BHse MaeTCA ee 
oleHKa, T. e. TeOpeTu¥eckan HHUA perpeccun. IIpomecc ee Haxox- 
JICHHA Ha3bIBaeTCA MOSTOMY BolpaeNueanuemM 2MMMpHYecKOK JIMHHH 
perpeccuH. 

Sanac KpPHBbIX, KOTOPbIH HaM MOKET MpeJOKUTh MAaTeMaTHYe- 
ckuli aHamu3, GeckoHeyHo pasHooOpa3eH. Jia Toro 4uTOObI u3 9TOTO 
ganaca BbIOpaTb HYKHYIO KDPHBYy!0, HeoOxoMHMO Mpexye Bcero 
CPHeHTHPOBaTbCA B BaxKHeMMWHX THMAaX PYHKUMOHAbHOH 3aBHCHMO- 
ecru. OTcblaAh YHTATeJIA 3a YKa3aHHAMH K COOTBETCTBYIOINHM PyKO- 
BOACTBaM HW CipaBOuHHKaM M0 MaTemaTHKe ', OCTaHOBHMCA Ha cemeH- 
cTBe Yallle BCerO HCNOb3yeMbIX JIA PpacCMaTPHBaeMOH LWeJIM KpH- 
BbIX, YPaBHCHHA KOTOPbIX BbIPAaKalOTCA MHOFOWIEHAMH WevIbIxX MOJO- 
*KUTCJIDHbIX CTeleHeH: | 


Vx =a + bx, 
Yr = a+ bx cx’, 
y at bx -- cx? + dx? 
HT. 2. 
(Vx — Opmunata TeopeTHYeCKO AMHHH perpeccHh). 


1 Cm., Hanpumep, HW. H. BpoumtTeiknu u K. A. Cemeuganes, Cnpa- 
ECUHHK MO MaTeMaTHKe Jd HHKeHEPOB HW y4aWHXCAd BTY3OB. K. A. Cemenr- 
anes, Qmnupnyeckue hopmyan, 1933. 

| 79 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


MuorowleH mepsoli crenenu (MpaAmMas JIMHus) BbIPaxaeT paBHo- 
MePHBIi poOcT HAH MafeHve dyukyun. Muorounen sropoli crenenu 
(lapa6owa BToporo nopsyKa) BbIpaxkaeT paBHOsaMeneHHoe Han 


PaBHOYCKOpeHHoOe H3MCHeHHEe Y, H MOKET MepeaTb OAHY TOUKY Mo- 
BopoTa @yHKUNH (MaKCHMyMa HJIH MHHUMyMa). Muorousen Tpetbeli 
cTeneHH (MapaOo/la TpeTbero MopayKa) MOXeT OTPa3HTb ABe TOUKH 
mopopota (PYHKUAH, MHorowieH s+1 cTenenH—s ToueK nNoBopota 
(9KCTPeM@JIbDHBIX ToueK). Uem Bpliue creneHb MHOrowleHa u 4eM 
OOMbIUG MapaMeTpOB COAepXRHT ero ypaBHeHHe, TeM Gowlee COMRKHBIC 
SABHCHMOCTH MOKeT TepelaTb COOTBeTCTByIOWaAd Mapaboma (cM. 
pic. 26). 

H{spectuo, ufo mi06aa CKOMb yroqHO COX%KHaA HenpepbiBnasd 
PYNKIMA MOKeT ObITb C HEOOXOAHMOM CTeNeHbIO TOUHOCTH BOCTIpO- 
H3BeeHa MIOFOWICHOM S-TO NOpAAKa, eCJIH BbIOpaTh s WocTaTOUHO 
GOJIBIUHM, IIPaBHJIbHO PacnOpAANTbCA MapaMeTpaMH ypaBHeHHa x 
PaCCMATPHBATb BOMpOC B ONPeACICHHOM, 3apaHee 3afaHHOM Mpome- 
*KYTKC H3MeCHCHHA apryMentTa |, 

SaMecTHM Take, ¥TO OOUINH MeTOX HaxomKMeCHHA Mapamerpos 
VpaBHeHHa perpeccHH (H30%*KeHHbIT B CJlemyiouleil: riape) TexHH- 
uecKH HaH6ovlee MpocTo OCYULCCTBHM B TeX CAYGUAAX, KOTrTa 3TH 
VPaBNeCHHA BbIpaKatoTcH MHOroWelamMHn Weiblx cremeHeh. Tipu ue- 
HOAb30BANHH MHOFOWIeHOB BbICOKOH CTeneHH OCO6eHHO yo6eH Me- 
TOA MOCMCOBATEADHOTO NOBHINCHHA CTeNcCHH MHOorowlena, TeopHA 
KOTOPOrO CO3aila BCIHKHM pycCKHM MatTeMaTuKom IT, JI. Ue6dniine- 
PbIM 7, 

OG6alast CTOb COBCPINeHIbIM HHCTPYMeHTOM OTOOparxKeHHA 3aBH- 
CHMOCTH, KAKHM SABJIACTCH CEMeHCTBO MHOFOWIeHOB, CTaTHCTHYeCcKaA 
MpakTHKa OXOTHO K HeMy IipHOeraeT Mp MOCTPpOeHHH JIMHHH perpec- 
cHH. Moet jake MOKa3aTbCa, YTO MbI He BCTpeyaeM MpaKkTHYeCKO!I 
HeEOOXOAHMOCTH B HMCHONb3O0BAHHH JIA STO WeIH KAKHX-H60 WHbIX 
(bopMy.7. OnHako 9TO He Tak. IIpexye Bcero, KaK ObI TOUHO TOT HH 
HHOH MHOrOWeH Ie BOCMPOH3BOAHA HCKOMYIO 3aBHCHMOCTb B 3aaH- 
HOM HHTepBadie H3MCHCHHA apryMeHTa, 9TO CaMo Mo CceOe He aerT 
OCHOBAHHH MONaraTb, UTO Bie STOO HHTepBasla MaHHbIli MHOTOWIeH 
OyAeT COOTBCTCTROBATH ACHCTBHTe@JIbBHOMY XOZY H3MeHeIHA MYHKILUH. 
Ha pic. 33 mpusewenbl mapa6ona BTroporo nopaaka u mpamas Ju- 
HHS, KOTOPbIC LB UWCHTPaIbIbIX HHTepBalax OJIM3KH Apyr K JIpyry, 
a 2a HX TpeswelaMi pacxoAATcs. 

Taxtim o6pa30M, C MOMOULbIO MHOTOWIeHOB JOCTATOUNO BbICOKOTO 
NOPAAKA MbI MOMKCM BOCNPOH3BeCTH SHAUCHHA MPOH3BOJIDUOH GYyHK- 
WH 6HYTPU NCKOTOPOTO NpOMeKYTKA, T. e. peliaeM 3amayy mpHO4u- 
XKEHHOH UNTCPNOAAYUU, HO, BOOSIE TOBOPA, JIMIMEHb! BO3MOXKHOCTH 


' Cm. B. J Pounuapos, Teopwa mirepnorampopania 4 mpH6amKeHna 
ibynKiit, Ta. 2, Poctexu3mar, 1954. 
2A. K. MutponoabeKkukh, Texsika cratucTuyecKoro HCcuHCeHHA, 
§ 66, 1931. 
B. C. Hemuunos, Toannome Yedniuiepa 1 MaTeMaTHNeCcKan CTaTHCTH- 
xa, M., 1946. 
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OWEHHBaTb TeYeHHe NMpollecca BHe 3afMaHHOTO MpOMeMyrTkKa, T. e. He 
pelaeM 3afayH NpHOMKeHHON 9KcTpanoAAYyUuU. Ho AeNO He TOMbKO 
B 3TOM. 

Cama no ce6e 3afa4a HHTeEPNO.1AWMH NpescTaBAMer BO MHOrux 
CJY4aAx SHAa4HTeJIbHbI HHTEpec. MarematTuyeckad dopMy.ia, OocBo- 
6omKTaloulad SMNMpHueCKHH MAaTepHaJ! OT CLY4AHHbIX 3Mr3aroB H He- 
pewalouiad B H3BeCTHBIX rpaHuax, XOTA H MpHGMxKeHHO, CyuLeCcTBeH- 
Hble YePTbl HCKOMOM 3aAKOHOMEPHOCTH, ABJIAeCTCA AIA HaywdHorO HU 
B. OCOO€HHOCTH MaTeMAaTHYeCKOrO aHaiu3a Tropa3zo Goee yROOHbIM 
HHCTPyMeHTOM, 4eM MepBOHAYaJIbHbI pA YNCel HIM sMmMpHyuecKHh 
rpaduk. Jeno pce Ke B TOM, 4TO H 3afada MpHOmMxKeHHOM HHTep- 
NOAM pelllaeTcH C NOMOLM{bIO BOCNPOH3BOAAWIMX WPYHKILMIO MHOFO-- 
YJIeEHOB HECOBePpIeHHO HW ee peleHve He BCerma AOCTHTaeT weAH MO 
CAeNYIOWHM NpPHUnHAM. ; 

Mb ysuaum fasee (§ 2 u 3 riappt V), 4To cmoco6 pacuera 
NapaMeTpoB ypaBHeHHa HCKOMOM Mapa6o.lbt OCHOBaH Ha TpeOoBaHHH 
MaKCHMAJIbHOM OJIM3OCTH ee K 9MNMpHyecKOH MHUM perpeccuH. Uem 
BbIIMe CTeNeHb Napadolbi, yeM OobUe MapaMeTpoB CosepxXKHT ee 
ypaBHeHHe, TeM Goviblei 6u30CTH Mbl pH 3TOM gocTHraem. Ho 
O61H30CTb Napaboubl K IMNUPUYeCKOLL AUHUU peepeccuu He BCerla 
O3Ha4¥aeT OH3OCTb STOH KPHBOH K NpederbHoli TeOpeTU4eCcKO AUHUU 
peepeccuu. YBeNMunBaA NOpAAOK NapaCosb HM YHCO NapaMeTpos B ee 

yPaBHeHHH, MbI HaYHHaeM BOCIPe@v3BOAHTb He TOVIbKO 3aKOHOMepHoe 

B xXOMe SMMMPHYueCKOH JIMHHH, HO H CJlyYahuble 3ursaru nocJequel. 
Tlostomy yBenMyeHHe 4nCAa MapameTpos BbIPABHMBalOllleH KPHBOTI 
XOTA H cnoco6cTByeT JyuWemMy mpO/IMKeHHIO STOM KpHBOH K 3MMH- 
pHueCcKOH JIMHHH perpeccuu, HO OAHOBpeMeHHO MOxKeT NoBecTH K yAa- 
JIGHHIO OT JeHCTBHTeAbHOH TeOpeTHyecKOH JIMHHM perpeccuH. ITHM 
HaJlaraeTcH Mpeesl YBeJIMYeCHHIO TOUHOCTH BbIPAaBHHBaHHA Mp Mo- 
MOLIH NMOBbINeHHA CTeMeHH MHOTOWleHOB, WH OTCIOJa BO3HMKaeT 3a- 
ava HaxoOKAeHHA B KAKMOM OTACIbHOM CJly¥yae KPHBOH, KOTOpaA 
MIpH MeHbINeM YHCe MapaMeTpoB Jlyyule MepesqaeT 3aKOHOMepHblit 
XO JIMHMM perpeccHH nO cpaBHeHHiO c napaboulo Toro umn MHOrO 
nopagaKa. 

3aMeTHM, HaKOHeU, TO Ge3OTHOCHTeEbHO K 3aa4aM 9KCTpa- WI 
HHTe€PNOJIAWHH YCTAaHOBJIeHHe JeHCTBUTe/IbHOrTO THMa 3aBHCHMOCTH 
B TOM HIH HHOM Hay¥HOM Bompoce BCerfa cnocobcTByer Oouee rvty- 
OOKOMY IIPOHHKHOBEHHIO B Me€XaHH3M eHCTBHA “akTopos, o6ycuI0B- 
JIMBaIOWUX STY 3ABHCHMOCTb, H MOAHHMaeT TeopHio BOTIpOca Ha 6o- 
Jle@ BbICOKYIO CTYIGHb. 


§ 4. BbIBOP H OBOCHCBAHHE THNA KPHBOHM PEFPECCHH 


lia peiGopa um o6ocHOBaHUA THNa KpuBO perpeccHu HeT yHH- 
BepCaJIbHOro MeTOJa, IpHrOsHOrO «Ha BCe C/YYa XKH3HM»: B KaKOM 
BOMpoce NMPHXOAHTCA HZO0HpaTb CBOH HyTH pelieHuaA 3anaun. Bxpatue 
XapakTepH3yA 30eCb 9TH MYTH It HX Pa3HOBMAHOCTH, MbI OJDKHDI 
e HM€Tb B BUHAY, YTO MPaKTHYeCKH KAKA H3 HUX HCHOAb3YeTCA He 
B 4HCTOM Bue, a B CO“URTAHHH C APVrHMH, 


6 St. i. Jlyxomexutt 8] 
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IMMKNPHYeCKHH MYTb 


O tune TeopeTHYecKOH KPHBOH Mbl CYAHM 3eCb MO BHCLIHeMY 
BUY SMINpHyecKorO rpaduka perpeccuH. OTOT NyTb OCHOBaH Ha 
3akoHe GOJIbIUHX 4HCe. OH MOKeT HaTb YMOBJICTBOPHTEJIbHbIe Pe- 
3YJIbTATbI TPM 3HAYHTeIbHOM KOJIMYeCTBe HaOsNOMeHHH, Tak Kak 
B 9TOM CJIyyae IMNMpHYeCKHH rpaPHK BOCNPOH3BOANT XapakTepHbie 
ocobeHHOcTH TeopeTH¥ecKOH JIHHHM. MbicJIeHHO ycCTpaHAA Te 3Hur3ari 
yMIIMpuyecKkoro rpadukKa, KOTOpbie MOKHO MpeANOMOKUTb CyyaH- 
HbIMH, Moyyaem MpescTaBleHHe O THe KPHBOH, JeKalleH B ero 
ocHose. Bonpoc o TOM, KakHe 3Hr3arH 9MMMpHYecKorO rpauka cui 
TaTb CJYYaHHbIMH, HCCTeAOBaTeIb OObDIMHO peluaeT PYKOBOACTBYACH 
COOCTBEHHBIM ONbITOM It HHTYILMel, KOTOpble MoryT ObITb MoAKpell- 
M@Hbl COO6paxkeCHHAMH, OCHOBAHHbIMH Ha TeOpHH BeposTHocTelt. Ec. 
HeH36exKeH BbIGOP CPEs HECKOIDKAX MOAXOAAIWHX THNOB KPHBBIX, TO 
MIpemmouTeHHe OTMaeTCA TOMY THITY, KOTOPbIM 3aBUCHT OT MeHbilero 
YHCMa MapaMeTpos. 

QMMMpPHYeECKHIt MYTb MPHBOAHT, OLHAKO, TPH MaJIOM UHCe Ha- 
OMOMeCHHH K HEACHbIM Pe3yJibTaTaM, TaK KaK HaJIMuHe Pe3KHX 3HL3a- 
rOB 9MMMpWyeckol JIMHHH PerpecCHH CHJIbHO 3aTPYAHACT BbIABJICHHE 
3aKONOMePHOCTH. | 

Ha puc. 27 npHBodHM Be 9MMMpHueckHe JIMHMK perpeccuH YIIpy- 
rocTH m0 pa3Mepy 3aMKa. Ogua u3 9THX JIMHHH noctpoeva Aa 200 
IOPIUHeBbIX KOEI Ha OCHOBE KOPpeJAMHOHHOH Tab. 26. 

JIpyrast aMuua TocrpoeHa Ha MaTepHade 30 NoplineBbIx KONI, 
cnyuaHHo BbIOpaHHbIX H3 MpeAbIAyUeH COBOKYMHOCTH. KoJ1H4eCTBO 
‘Ha6moneHuh 30 (cm. puc. 27,a) — OKa3al0Cb HeAOCTATOUHbIM WIA 


‘Toro, UTOSbI YOBHTb HeKOTOPOe 3aMesIeHHe B pOcTe Y,, OTHCTIHBO 
‘yaMmeTuBileeca Ha puc. 27,6, rae uncto Hab6moReHHH — 200. 

— Ouepyugno, ure Ope Maviom 4Hcvie HaOmoeHHH 3THM = TyTeM 
‘TPYAHO YJOBHTb CKOJIbKO-HHOYAb CJOMKHBIN THM 3aBHCHMOCTH, Tak 
KaK OCOOCHHOCTH NocesHero 3aTyMleBaHbl ClydalinbiMu Kovleda- 
HHAMH. IIpupseuecHie QOMOHHTeIbHBIX COOOpaxKeHHH CTAHOBHTCA 
3]eCb OCOOeCHHO 2KC.1aTeJIbHBIM. 


TeopernyecKnn NyTb 


Vi3narad 2MMMpHuecKHi MyTb HCCehOBaHHA B CBOeM «4HCTOM 
BHC», MbI Ile HIITepCCOBaIHCbh BONPOCOM O MaTePpHaJIbHON MpHpose 
IIpH3HaKOB X VW Y, a HCXOAHAM TOJIbKO 13 CooOpaxKeHHH, OCHOBAHHBIX 
Ha 3aKoHe 6oubWHX UHcet. Mexkay TeM, @CJIH TIPHHATb BO BHHMa- 
Hue, UTO IPH3Hakli X H Y AB/AIOTCH He AOCTPAKTHbIMH Il@PCMCHHDbIMH, 
4 BeJIHUHMHaMH, 3AHMCTBOBAHHEIMH H3 KONKpeTHOTO BOMpoca, HMEIO- 
"lero CBOIO HayYHYy!O TCOPHio, TO CTaHeT ACHBIM, UTO IIPHBJIEYeHHe 
JlaHHBIX 3TOH TeOPHH MOMKeT OKA3aTD cyillecTBCHHyt0, a HHOrna H 
pelualollyio NOMOWb NpH OMpesedeHHH THA 3aBHCUMOCTH Mex Ay 
yu X. 3 | 
ga 
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Puc. 27. a) 3aBHCHMOCTh MexAy YMpyrocthio HW pasMepOM 3aMKa aa pee 
WHEBIX KOell, 6) 3aBHCHMOCTD MeKAY ympyrocTblo HM pa3sMepoM 3aMka 
200 nopmiveBbix KOJell. 
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Mrak, mpu ycravosmenuu tuna JIMHMH perpeccuH Heo6xonHMO 
HCNOJIB3OBaTb TeOpHio TOH KOHKpeTHO HayKH, Ha 6a3e KOTOpOH 
BOSHUK@eT 3a,a4a H3MePeHHA CBA3H MeKIy IIpH3Hakamu y u x. Io- 
©MOTPHM, KaKOBbI 2K€ HCTOUHHKM STOH TeOpHu HM KaKHe MYTH ee Hc- 
NOMb3OBaHHA BO3MOXKHbI MPH peuleHHu mocTaBAeHHOY 3anaun. 


1. OnbiT npexpiayuux uccrenoBaHHii 


Ecim MOqOGHOTO pona 3aBHCHMoOCTH NOJYUaIHCb PpaHee u OnH- 
raHbl B JIMTepaType, TO Mbl YUHTbIBAeM OMIT 9THX CCE ROBaHHH. 
Tak, HampuMep, ecsmm 61 HCCNENOBAHHe 3aBMCHMOCTH MexKILYy ylipy- 
POCTbIO KOJIbIa H Pa3MePOM 3aMKa MpoBOAHAOCh paHee pa3/IM4HbIMH 
aBTOPpaMH H eC Obl BO BCex CJly4¥aHx Nosyyaemble munuy Obl 
O1M3KH K NapaGome BTOporo NOpAAKa, TO MbI HMeJIN Obl OCHOBAHHA 
PaCNPOCTpaHHTb 3TOT THI KPpHBOH Ha Halt MaTepHad WM BbIRBHHYTb 
PHNOTe3y KBapaTHyecKol 3aBHCHMOCTH. Pasymeetca, 3TOT NyTb Mo- 
KET ObITb HCMOMb30BAH JHUIb TaM, re MpOBOANAMCh aHaJIOrH4HDre 
NCCA€OBaHHA UW Tle CTaBHTca 3anaua MpOBepKH H KOHKperTn3aHi 
SaBHCHMOCTH B HOBBIX YCJIOBHAX WIM JWI HECKOABKO OTAMUHOLO Ma- 
TepHala. OTOT NyTh He MPHMeHUM B HOBBIX Bompocax, re MaHHan 
3ABHCHMOCTbh HCCHexyeTCA BIepBEIe, 


2. Ikcnepument 


OTOT NyTb 3akioyaeTca B HCKYCCTBEHHOM COKPauleHHH cJlyualt- 
HBIX SHP3arOB SMNHPHYeCKOH JIMHUN perpeccuHn 61arolapa Tomy, 4To 
HaM YAaeTCH B SKCMepHMeHTe 3akpennTb wan COKPaTHTb H3MeHUH- 
BOCTbh pala PakTOpos, BbISbIBAIOINUX KOMeOeMOcTh HaweH PyHKUMH. 

Tak, Hampumep, ecu 6bI HaM NPHUIOCh HCCJICROBaTh 3aBHcu- 
MOCTb MEKLY OObEMOM 1a3a H AaBsleHHem B YCHOBHAX, Kora c.1yyait- 
Hble KOJeO6aHHA TemMMepatyppl He YCTPaileHbl, MbI NomyunH Obl rpa- 
@uK perpeccHu, OcMOKHeHHEITi CJIYYaHHBIMH 3ur3araMu, H3-3a KOTO- 
PbIX MPH HEMOCTATOYHOM UnCJe HaGwozeHue GEO by TPYHHO yra- 
Hath JeHCTBHTeIbHBIM THM 3aBHCUMOCTH. OHako, onupasch ua 
MaHHble Ooee TOUHOTO akKcHepuMeHta, Tae KoNeOaNHA TeMMepatypbi 

M0 BO3MO2KHOCTH YCTPaHeHbl, JlerKO OO6Hapy2KUTb ruiepOo.M4yecky1o 
34BHCHMOCTbh Mexyy V u P. 

Caenyet; OfHako, HMeTb B BUHAY, 4TO Mp s3akpenmenun us 
COKpauleHHH KOJIeOIeMOCTH mO6OUHBIX (bakTOpoB, HaXoMAIWHXcA 
B KOppeAlHH C OCHOBHBIM (PaKTOPOM, SMMUpHYeCKaT JINN perpec- 
CHH OKa3bIBacTCH XOTA H Oomee 3aKOHOMepHOH, HO CHCTeMaTH4eCKH 
OTAMUAaIOWeHCA OT MepBonayalbHol swnHnu. Jlutwp 3aKpellJleHue 
HESAGBUCUMBLX OT X HW NeHCTBYIOUIHX TO cxeme (A—M—H) (pakTOPOB 
MOKCT MPHBCCTH K TeOPeTHYe€CKH BePHOMY pe3yIbTaTy, OTBeUAIO- 
IteMy M€pBOHadaJIbHOH MocTaHoBKe Borpoca. Mexazy Tem 6¢e3 crie- 
UHAaJIbBHbIX PaCYeTOB, BLIBOAALIUX Hac 3a PaMKH KOppeJIsuHu OByx 
NepeCMCHHOLX, TDYRHO YCTAHOBMTb, 3ABHCHMbI WIM H€3aBHCHMBI B WaH- 
HOM Mpouecce Te HIM HHble MepeMeHHbIe, XOTA 06 3TOM HHOrga 
MOMHO MelaTb Ooee HWIH MeHee OG6OCHOBaHHbIe MIpeANOJIOKeHHA. 
B sToM — ofHa H3 caTa6nIx CTOPOH pacCCMaTpMBaemoro MyTH. 
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Bropoh cia6oh cropoHoh ABAAeTCA OrpaHHYeHHaA BO3MOMKHOCTb 
9KCNePHMeHTHPOBaHHA BO MHOrHX BOMpocax UH, B YaCTHOCTH, B BO- 
mpocax 9KOHOMHYeCKoro xXapakTepa. Mexay TeM HeOOXOHMOCTb 
IIDHM@HEHHA CTATHCTMYCCKHX MeTOAOB H3MePeHHA: CBA3H BbICTyMaeT 
c oco6oH CHO TaM,*rme SKCNepHMeHTaIbHOe yYCTpaHeHHe BJIHAHHA 
NOGOOUHBIX PAKTOPOB 3aTPYAHeHO WIM HEBO3MOKHO. 


_- 3. dJlormyeckHi aHaJin3 


B Tow waH HHOH opMe JoruvecKuH aHaJIH3 MaTepHa/bHOro 
cO6beKktTa JOJKeH CONYTCTBOBATb JIO6OMy ApyromMy MyTH UCceROBa- 
HHA THMa 3aBHCHMOCTH. SHaueHHe H CTeMeHb OMpeeJIeHHOCTH BbIBO- 
OB JIOTHYeCKOTO aHaH3a OO6yCJIOBJIeHbl YPOBHeM HallHX Hay4HbIx 
3HaHH B JaHHOM BOMpoce uM XapakTepoM HMelolelica HHopMaLMH. 

PopMa, B KOTOpOH BBICTyMaeT JOTHYeCKHA aHasiM3 3aBHCHMOCTH, 
MHOroo6pasHa: OT paccyxXeHHi; OCHOBaHHEIX Ha MpOCTOM 3/,paBoM 
CMBICIe, AO. CQCTABJICHHA YPABHeHHH, CBASHIBaIOLIMX PYHKIWMIO C pA- 
OM ee apryMeHTos. Tak, mpocToH 32paBbii CMbIC] HaM MOACKa3bI- 
BaeT, UTO'C yBeMYeHHeM OGecneYyeHHOCTH pabouel CHIOH MpOueHT 
BHIIOMHeHHA WiaHa MO BbIMNyCKy MpOAyYKWHH, MpH MpoOywwx PpaBHbIx 
YCJIOBHAX, MouKeH pacTu. Tlostomy Takve «3aMayeHHa» smnupHue- 
CKOH JIMHHM perpeccuv, Kak, HampuMep, Ha yuacTKe oT x=130 JO 
x=140 (cm. puc. 23) MbI paclieHHBaem Kak CJ1yUavHHble H CYHTaeM 
BIpaBe OTB/IeUbCA OT HHX MPH HCCAeAOBaHHH 3aKOHOMEPHOCTH. 

Ha ocHose JIOrH¥ecKoro aHaJiv3a MaTepHaJIbHOK Mpuposbl oObeKTAa 
MBI COCTaBHJIM ypaBHeHve (4.2.1), CBa3bIBatollee BeC IMIHHEApa 
c pagom ero aprymentos. M3 sToro ypaBHeHHua CJlIeqyeT, 4TO CCAM 
Mpouve apryMeHTh! BapbuPy!lOT He€3aBHCHMO OT pasHyca, TO Bec UH- 
JIMHEpa B CPeMHeEM pacTeT MPONOPUHOHabHO KBatpatTy pawuyca Mo- 
TlepeyHoro CeueHHA. | 

B nan6ouee mocleqoBaTeJIbHOM Bue AOrH4eCKHH aHaJIM3 Hallpas- 
wleH Ha ysaAcHeHwe oO6ulero XapakTepa 3aBHCMMOCTH MexKy QYHK- 
uve y WH ee apryMeHTOM X TIP «MPOUHX PaBHbIX», MeHCTBYIOWIHX 
mo cxeme (A—M—H) ycsiopuax. OTcioga elaeTcaA BRIBOZ, YTO STOT 
THI 3ABHCHMOCTH JOJIXKeH JleKaTb B OCHOBE JIMHHH perpeccuH y 10 Xx. 
Tak, B YNOMAHYTOM BBIWe MpHMepe MOXKHO COCTABHUTb ypaBHeHue, 

“CBASbIBalOWlee MIPOMeHT BbINOJIHCHHA WwiaHa MpeAMpHATHeM M10 BbI- 
mycKy mpogxykuun (y) C MpOWeHTOM BBIMOJHeHHA WlaHa” MO YHCJIV 
UeIOBEKO-7HEH (x) 


y =0,01-x-, (4. 4. 1) 
rhe U--TpOmeuT BbTOJHCHHHA NIaHa HO MpOH3BOAHTeVbHOCTH 


tpyaa (BEIpaGoTKe Ha | 4en0BeKO-eHb). Ecim UV KOppeANHOHHO 
He 3ABHCHT OT X, TO JHHHA perpeccHH y NO X MOKHA HMCTb 


BHI, Yx==CX, Phe C — MOCTOAHHOR. 


[Ip cocTaBJleHHH ypaBHeHHi, CBA3bIBaIOWIHX PYHKIHIO Y C PAZOM 
cc apryMeHTOB, HeEO6XOAMMO co6lOAaTb ycoBua cxembl (A—M—H) |, 


1 Unu 6bonee o6ueh cxempr D—A—M--H (raasa VI). 
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OTHX YCIOBHM, KaK HSBECTHO, 1Ba: 1} a€adRHTHBHOe MW MYJIBTHINIHKAa- 
THEHOC AeHCTBVe «MpOYHxX» (akTopos n 2) KOppeAUHOHHa He3aBH- 
CHMOCTb «<npoux» dakToposp cr x. bowbpuiei uacrbio HeTpy/ HO 
NOACOPaTb cUCTeMy @aKTOPOB, YAOBAeTBOPAIOLLyIO MepBoMy yc.10- 
niio. Hekycerzo ahasu3a 3akouaeTca B TOM, YTO6E BbIOpaHHas 
clicTeMa (akTCpoB yOBJIeTEOPA.1a H BTOPGMy YCJIOBHW, T. e. Tpebo- 
BAaHHIO HesaBicHMocTH. []pakTHyeckoe ocyMeCTBJeHHe BTOpOTO ycui0- 
BUA BCTpeuaet, Kak TipaBHJIO, BECLMa 3HAUNTEJIEHMbIe TpyAHOCTH. Tak, 
HanpHMep, -1erKO COCTABUTb PaBeHCTBO 


v= OX, 


rie y— pacxo 3sHeprHun Ha Npezupunatyn; 
X-- OObeM BHINYULEHHOA NpoxyKunH; 
U— YACAbHbIM PaCXOA 9HEPrH Ha CHHADy NpomyKuun. 


OAHaKO H3 3¥TCTO PaBEHCTRA HeJIb3A 3aKJIOUNTh O MpOnopmwHoHaJb- 
HOCTH paCxoRa SHEPruH OOLeEMY MpOH3BeReHHOM MPOAYKUHH, TAK Kak 
YReJbHbIN PacxoA S9HeprHH Vv OObIYHO 3aBucHT oT x. HecKkompKo 60- 
Jee YRauHo BR HaHHOM CJlyuae ABJIAeCTCA CxeMa 


You-+ vx, 


rae & — 3heprud, HAyiWlad Ha HENMPOM3BOACTBeEHHbIe HY KAH: 
U — YACVIbHBIH PaCXO] SHEPFHH Ha JPOH3BOACTBEHHbIe HY KI 
pe ANpHATHA, 
OHakO HW OPH 3TOH CxeMe KOSPPuNneHTH WHY YACTO OKa- 
3bIBaIOTCA B KOPPeJIAWHOHHOH CBA3H C Xx. 


CaenyeT HMeTb B BHAY, YTO HpAMas cTaTHcTHUeCKad mpoBepKa 
HC3ABHCHMOCTH JONOJHHTCIBHBIX MaKTOPOB U, V,... OT apryMeHta x, 
BooOule TOBOps, MCKOUeHa, TaK KaK U, U,... ABJIAIOTCA Hey4uTl- 
BaeMbIMH TIpH3HakaMH. Cy eHHe O 3aBHCHMOCTH HAM He3apuci- 
MOCTH JOJUKHO ObITb CHeaHO Ha OCHOBE MpeABAPHTeMbHBIX OOLAIX 
cooOpaxkeHuli © npHpone sTHXx dakTopos. Pasymeetcsa, JIMb Kpaiitie 
peMKO Mbl Ha OCHOBE 3THX MPeABaPHTCJIbHbIX COoOOpaxKeHHH MOKeM 
ObITb YBeEPeHbI B HeE3ABHCHMOCTH U, V,... OT X. Tem He MeHee BO MHO- 
rHX CTYYaAHX Mbl MOKEM BNOAHE OOOCHOBaAHHO MpesNOMaratTh caa6yio 
SABHCHMOCTh U, U,... OT X, T. €. MpeAnOsarath, uTO cpemHne U,, V,,... 
c1a60 H3MeHAIOTCA C H3MeHeHHeM x. B Takux CAyyanx 3amaua Ha- 
XOWKACHHA perpeccHu Y MO X MOKET NOJMTYYNTh NpHOHKeHHOE Pellle- 
Hue. YkKawKem XO paccyKQeHHH, KOTOPbIi UPHBOAMT K peleHHio 
3a ,auH, 

Ilyctb & xOme JOTHYeCKOrO aHasH3a YCTaHOBAeHO COOTHOWe- 
HHe (4, 2. 3) 


y= w-b 0g (x)- wy (x) te, 


rie v(x}, p(x),...— H3BeCTHOrO BHAa (yHKUNH XX. 
8&8 
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CnenqopaTeibHOo, ypaBHeHve perpeccuH y NO X JOJXKHO MMETE 
pun (4. 2. 4) 


Vx = Ue + Org (X) + Wed (x) +... 


Ecru eCTb OCHOBaHHA Mosaratb, TO U4, VU, W,... KOPPeALHOHHO 
He 3aBHCAT OT X, TO 


MH pacueT TeopeTH4ecKkol JIHHHH perpeccHH CBOJMTCA K BBIYHCJIEHHIO 
CPCMHUX U, UV, W,... HUH, Booolilie TOBOpA, K OMmpemesIeHHIO HeH3BeCT- 
HbIX MapaMeTpOB ypaBHeHHA perpeccHH. . 

Tak Kak U, U, W,... ABJIAIOTCA HEYYMTbIBAeMbIMH MPH3HaKaMH, TO 


pacueT W, UV, W,... He MOKeT ObITb OCYUIeCTBIeCH MPAMBIM cmoco60m 
H OMpefeeHHe TapaMeTPOB ypaBHeHHA perpeccHH TpeOyer mpHme- 
HCHHA KOCBeCHHbIX MeTONOB pacueTa. C TaKHM KOCBeCHHbIM ME€TO]IOM 
pacueTa mapaMeTpoB — MeTOJOM HaHMeHbIIMX KBaypaTOB — MBI T0- 
3HAKOMHMCA B CJlefytollem Naparpade. 


Ecav MOKHO mpeanoaaraTb, uTO B cxeme (4.2.3) u, U, W,... 
cia60 3aBHCAT OT X, TO MNOmaraemM perpeccHH UW, V, W... NO X 
NpH6.WKeHHO NPAMOJHHeHHBIMH 


My =A, + OX, Vy =A, +-b.X; Wr A3-4+)3x;... 


(a, 6,) HeEH3BeCTHH. 


Tloncrapiaad 3TH BbIpakeHHa B copmy.ly (4. 2. 4) 
Vx == He + Veo (X) + Web (X) ++, 
Mbl MPHXOMHM K ypaBHeHHIo perpeccHH 
Vx =a + bx + c7(x) + dxe (x) + eb(x) 4 fx (x) +... 44.2 


C HeM3BeCTHBIMH NapaMeTpaMH, KOTOpble OMMpewedAlOTCA cmoco6om, 
yKa3aHHbIM B CJlefmyloulem maparpade. 


Mpumep 1. B cooTtHoweHuu (4.4.1) MbIl He MO%KEeM YTBEPA MAT, 
uTO ApryMeHTbI VU HK X He3saBHCHMBI. HaoOopor, YacTO HMEIOTCA OCHO- 
BaHHA MpeAMosaratb HaJMuHe TeHACHIMH, B CH KOTOpOH mped- 
IPHATHA, MepeBbINOJHAIOUIMe MlaH MO YHCIY yeJIOBEKO-HeH, MearoT 
3TO 3a CYeT CHH2KCHHA MpoOueHTa BHINOJHEHHA Mana MO MNPOHSBO- 
AMTe@bHOCTH Tpyla, HW, HaO6opoT, MOBbILWeHHe MPOHK3SBOAMTebHOCTH 
Tpya BeZeT K 9KOHOMHH OObEMA TPYAOBbIX 3aTPAaT. Care hoBaTeJIbHo, 


vpaBHeHHe (4.4.1) He MaeT OCHOBaHHH CUNTATh Y, MPONOPUMOHAIb- 
HbIM X. 
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OnHako e€CIH HMelOTCA OCHOBaHUA HOaraTb, TO yKasaHHaa 


BIN TCHCHIHA HE Pe3KO BbIPaKeHa, TO CUHTaeM MpHOAWKeHHO pe- 
rpecculo Uv NO X Mpsamoli 


Uy =a, +-D,x, 
rie 6; — Madan OTpHuaTebHaNd BenHUUHAa. 


TloacraBaaa 3TO BbIpaxKeHue B dbopmyyly (4.4.1), npyxonum x 3a- 
BHCHMOCTH TuMAa 


Vx= bx + ox, (4. 4. 3) 


roe nmapamMetpihl b MH cC ONpezenMIOTCA cnOCcO60M, H3aA0%KeHAbIM 
Aawee. 

Puc. 23 oGHapyxuBaer cerKa 3amMeqieHHbit XapakTep M3Me- 
HCHHA OPAHHATbI SMMMPHYeCKOH JMHUM perpeccHH, TO MOET cJY- 
*KUTb NOATBEPARMTCHHEM MPAaBHJIbBHOCTH HauIHX MpeqnomnoxKenuit o Tune 
KPHBOH (Mapa6oula BToporo NopsgzKa c He6ObOINM OTPHIWLAaTeJIbHbIM 
KOSPMHUHEHTOM pH x2). 


3aMeTHM, 4TO B TMOCeqHeM IIpHMepe MbI MOrIH Obl OCYLWECTBHTb 
H NpPAMY!O CTATHCTHYCCKYIO TIPOBepKy 3aBHCHMOCTH UV OT xX, TaK KaK 
43 CooTHOWMeHHA y=0,0lux (4.4.1), rae y u X — YY4HTbIBAeMbIe 
IPHSHAKH, MBI JIerkKO OMpee/IAeM V, T. e€. NePeBOLHM ZTOT apryMeHT 
B Pa3pA YYNTHIBAeCMBIX TIPH3HAaKOB. 

B o6ulem c1yyae noxo6Has onepauna, pasyMeeTca, Heocylllect- 
BHMa. 


Ipumep 2. M3 onpita u3pectuo, uro MNpH MNpPOYHX PaBHBIx ycwlo- 
BHAX C YBeJIMYCHHEM KOJIHYeCTBA H3POTOBJIAeMOTi NIpOAYKUHM coKpa- 
UalOTCH 3aTpaTbl NPCAMPHATHA Ha eAHHHLY NpokyKuun (ce6ecTou- 
MOCTb C€MHHUbI). OTO BeCbMa BaxKHOe ZKOHOMUYeCKOe NooxKeHHeE 
iMeeT cileqyloilee oOocHoBalne. Pasauunble BuAbl 3aTpaT Haxo- 
AATCH B H€OMMHAKOBOM OTHOWICHHH K BBIINYCKY MpoAyKUMH. 

HekoTopple BUXbI 3aTpaT He3HAUHTebHO MeHAIOTCA C yBeunye- 
HueCM BBillycKa. TakoBbl, HalmpHMep, pacxogy mo AMOPTH3alHH H 
COMePAKAHHIO 3aHHH, PacxObl MO Cosep2xKaHHlo anmapatTa 3aBoso- 
yipaBenua u tT. 4. Apyrue Bugbl 3aTpat, Hanpumep 3aTpaTbl Ha 
CbIPbe, HHCTPYMEHT, PacTyT OBICTpo, MoxoAA BO MpaMoit nponopruo- 
HaJIbHOCTH BBINYCKY TIPOAyYKIUMH. 

Ja ynpouleHHa aHaJIu3a MOxKHO rpy6o Pa3Te@JIMTb BCE BHAI 3a- 
TpaT Ha ABe TpyMNbl: pacxXOAbl NOCTOAHKHbIE OTHOCKTebHO BBIIyCKa 
1 PacxOAbl Nponopyuonabnole BbinycKy. IIpH sToMm Kaabii Bun 
SaTpaT MOO WeIHKOM OTHOCHTCA K MepBol wa KO BTOPOH rpynne 
(10 TIpHHUMNy npec6maganua), mH60 nomBepraerca c WebIO YTOU- 
HeHHA laJIbHeHWWeMy pacusleHeHuio. Tak, pacxogbl mo 3apnaate 
CN€THO-KOHTOPCKOFO MepcoHadia MOXKHO OTHeECTH K TepBok rpymnne, 
PaCXOAb] MO 3apllaTe MPOU3BOACTBeHHbIX pa6ouHX — ko BTOpO! 
rpyine 3atTpar. 
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Takum oOpasom, z= + ux, 
rae 2— Bce 3aTpaTH; se 
X— BBNYCK NpOoAyKuHH: 
UV — 3ATPaTH, NMOCTOAHHEIE OTHOCHTCADHO BEINYCKa; 
W—TepeMeHHBIe pacXOAbl Ha CAMHHUY MpOAy KnUH. 


OrTHeca BCe 3aTpPaTbl K BeJIH4HHe BBITTYCKA, MOIYYHM COOTHO- 
IeHHE 


=o _ (4, 4. 4) 


rae y— ce6ecrouMocTh eAMHM IL npoaykuun. 


H3 sToro cooTHomeHHsa BUAHO, uTO ceGecrouMocts €MMHHLLbI 
C YBeIHYeHHeM BbIMyCKa, MIpH MpO¥“HX PaBHbIX YyCJOBHAX, MOMKHA 
H3MeCHATLCA M0 runep6osu4eckomy 3aKOHY. 

OgHako paBeHCTBO «mpounxX yCOBYA» TpakTHYecKH HepeaJIbHO. 
B AeHCTBHTeIbHOCTH 3TH «IIpodHe yCIOBHA» MeCHAIOTCA OT MepHona 
K MepHOAy H OT MpeANpHATHA K MpeANpuATHIO, 4TO HaXOAUT CBOe 
BbIPAaKeHHe B H3MCHYHBOCTH APFYMEHTOB! UW H UV. DTa H3MCHYHBOCTb 
MOXKET HAaXOAUMTbCA B H3BECTHOM KOPPeJIAIHH C BeJIMYHHOW BBITMYyCKAa. 

PoctT BbINyCKa MpOAyKWUHu, CONPOBOXKMaloululicA, KaK MpaBuuo, 
YCOBEpUIeHCTBOBaHHeM TeXHOJIOrHH, Y/IY4IeHHeM TeEXHH4eCKOrO OCHa- 
UeCHHA H OpraHH3allHW MpOH3BOACTBA, BeyeT 3a CO6OH coKpalleHue 
Kak MOCTOAHHbIX. Tak WH NMePeMeHHbIX Ha eAUHUILY MpOosyKuUN pac- 
xonoB. Ilostromy, mepexoaqa K ypaBHeHHIO perpeccuH y M10 X, MBI 3a- 
MIHCbIBaeM ero B BULE 


cine oe (4. 4.5) 
Pe Uy H Ue — PyHKOWN x. 


Bce 2Ke, eCIH HM@IOTCA OCHOBaHHA hpeanowtarat c1a6ylo Kop- 
PeIHPOBaHHOCTh & HM UV C X, TO, noaaran 


MpHXONMM K ypaBHeHMI0 perpeccuH BHA > | 


= (a; +b.) +6, oe (4. 4. 6) 
HAH . 
Ye=a-- ox — (4. 4. 6’) 


(KOD@DHUMEHT C OMUMAeTCA MaJOM H OTPHUATeIbHO! BeIHYHHO!L). 
Ilyctb, HaNpHMep, HaM H3BeCTHbI KOHKpeTHble JaHHble O BbIMYCKe 
TIPOAYKUHH HW CeOeCTOHMOCTH e/[HHHUbI WIA MpeNpHATHH, NMpOU3Bo- 


9] 
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ARUUIX OMHOpoAHyio MposxyKuno. B taba. 29 npuBeqeHa rpynnn- 
popka 44 npennpHaATH Mo BeHYHHe BbIMyCKa H yKa3aHa CpeqHAA 
ceCeCTOHMOCTE B KaKJOH rpynne npeANpHATHH. 

















Tabauya 29 
Boilyck mpo- Cpeauaa ce6e- Unca0 

AYKIWHH CTOHMOCTb npeanpHa- 
(B THIC. CJ HHH) € AHHHILbI THH 
Ho |] 16,50 6 
1—2 13,75 6 
2—3d 13,31 8 
3—4 12,50 7 
4—5 13,52 4 
9-—5 12,75 4 
6—7 12,30 3 
7-8 12,83 2 
8-—9 12,28 2 
9—10 12,34 2 
44 


i 
{ 
! 


Tlaunpie roi Ta6anubl v3s06paxeHbl Ha pic. 28 B BHZe 3MNH- 
puueckoH JIWHHH perpeccHu. 


y ImaupuyveCnan AuwuR peepeccuu , 


=> 


Cedecmoumocms edurxuuat 8 pyd. 





/ 2 3 4£@ 5 6 7 86 29 xX 
Odsem npodyxyuu 8 mote. wm. 


Puc. 28. 3aBHCHMOCTb M@K AY ceO6eCTOHMOCThW 
CAMHHILLE MpORyYKILHH H OObEMOM MPOMYKUHH 


XapakTeL 2TOM JNHIWH BeECbMa HaMOMHHaeT runep6oly Buza 
= b 
yp=ea+—. 
xX 
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MoxKHO MO3TOMy MpeAMONOKUTb, YTO KOSPDuUMEHT CB YPaBHe- 
Hun (4.4.6) of MaHHOoro NpWMepa HaCTONbKO Ma, YTO HM MOMKHO 
npeneOpeub H HCKaTb ypaBHeHHe TeopeTHYeCKOH UHHH perpeccHH 
B Bue | 

ye=a+— (4.4.7) 


— 
Tlapamerppi a u b sTOH 3aBHCHMOCTH MbI HaXOAUM B § 3 raapel V 
Wi cTpouM TeopeTHuecKylo JIHHMIO perpeccuu (cm. puc. 34). bie 
Cnegyer npemocrepedb OT ACTOIKOBaHHA NapaMeTpoB @ Il K 7 
CpeAHHX 3HAYeHHH UU UV, T. €. Kak UW HU. Tlomo6Hoe HCTOJIKOBaHHe 
MOrnO Obl HM@Tb MeCTO TOJIbKO TIpH YCOBHH H€3aBHCHMOCTH U HY 


ot x. B o6mem xe Clyuae CMbIC STHX MapaMeTpoB YACHACTCA u3 
ypasuenna (4.4.6). 
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— Sn ere retin ee ek a ae t = ane as ai a Sea Slnecs ran a Sysstat ae a oe ny 





[HABA V 


PACYET NMAPAMETPOB YPABHEHHA PETrPECCHH 


§ 1. NHPAMOJIHHEHHAS 3ABHCHMOCTHh. JAHHDIE 
HE CrPYNMHPOBAHDBI 


locale Toro Kak BbIOpaH u OG6OCHOBAaH TUN ypaBHeHHA perpeccuy, 
HEOOXOAHMO ONpeAeHTb MapaMetppl, oT KOTOPBIX 3aBHCHT 9TO ypaB- 
HeHHve. []pouece pacuera MapaMeTPOB, COCTAaBAAIOWNH comepxKaHue 
BTOpOro 3Tana paOorhi, u3araeTcA B HAaCTOSIeM H NOCMeLYIOULHX 
ABYX Maparpadax. 

Iipumep. IIpegea potHocausocru cram He Bcerfa yaeTca ycta- 
HOBHTb NyT€M HEMOCpeACTEeHHOrO SKCIEpHMeHTa B MpeOcTaB/IAeMbIti 
‘Ald STOPO Ha MPOM3BoOACTBe cpoK. Tlostomy x*elaTerbHa NpHOJH- 
*KCHHAA OUCHKA MpeWesa BbIHOCJIMBOCTH Ha OCHOBaHMHM cTAaTUCTHYe- 
CKHX XapakTCPHCTHK MeTasta. Onnolt v3 TaKux XapakTepHCcTHK 
ABAACTCH MPesie.1 MPOYHOCTH CTalH mpu Kpyyenuu. Jaa yCTaHOBule- 
HHA 3aBHCHMOCTH MeK AY STHMH ABYMA NpH3HakamMu HCNOb3YeM 3KC-' 
HePHMCHTAJIbHbIC TAHHbIC, MOyYeHHble WIA 12 mapoK JIETHPOBAaHHbIx 
cTateH ! (ra67. 30). 

[Tpowece yeranosmenua 3aBHcHMmocTH pa3sOuBaeTca Ha clemyroulue 
CTaHH: 

1. [Ipexae scero Heo6xo,uMo YCJIOBHTbCH, KAKO Mpv3Hak MpH- 
HUMa@eTCA B KaveCTBe (YHKIUMH WM KaKOli B KayecTBe apryMeHTa. 

Tak Kak WeIbIO ACCIeLORAMIIA ABIAeTCA yYCTaHOBJIeHHe BO3MOX- 
HOCTH MO BeHYHHE Mpe lela HPOYHOCTH ONPeAeIATh Mpeyed BbIHOCJIH- 
BOCTH, TO TI€pBbIH MIPH3HakK CUHTAeM apryMeHTomM X, BTOPOH — yHk- 
Hen y. 

2. Jlanupie Ta6.1. 30 neo6xoznMo MNpHBeCTH B MOPAROK — cucTremMa- 
TH3HpoBaTb. Jia 9TO Wen crpouM Tiovie KOppevIAMUHH (ple. 29). 
COCTABICHHE KOPPIALHOHHOI TaGJHILbI OMyCkaeM BBHY MaJIOuHc- 
‘ICHHOCTH MaTepHawia (12 HaOoncHuit). PacnonoxeHne ToueK B KOp- 
PeIAUHOHHOM NOJe CBHACTEIBCTBYeT O HaJIHYHH OTYCTHBO BbIPaKeH- 
HOH 34BHCHMOCTH Me?Kly IIpH3HakaMu y Ht X. Touku, pactouoxeHHble 
B JI€BOH YACTH NO.IA, OKA3bIBAIOTCH HIKE TOUeK, PactosOKeHHbIX 


——, 


1C. JI. WKyKos, K BONpOCy O CBH3H Mpeea BbIHOCJIUBOCTH Co cTaTH- 
WeCKUMH XapaKTePHCTHKAMH MeTawon, «SaBorcKan aqa6opatopua» Ne J]—12, 
1945. 
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Ta6auya 30 


Mpexzen nposnoctn npx KPYYeHHH H Npenex 
BbIHOCIMBOCTH Np H3rHG6e ana 12 Mapok 
AeCrHPOBAaHHMbIX CTaneA 


IIpezea npow- | Tpegzear Baino- 


HOCTH IPH CHHBOCTH NIpH 
Mapka craau K py ¥eHHH H3rn6e - 
(B K2/MM?) (B x2/mx?) 
25 (Y2) ol,1 25 
45 (¥4) Hopmaan- 66,8 30 
3aHA 
45 (¥4) 3aKxanka 83,5 43 
20XH3A (1) 80,8 43,6 
37XH3A (1) ~  101,4 56,5 
12XH3A (XIH) 109,3 08 
20XH3A (X2H) 71,24 43 
38X MIOA 97 ,2 46 
I8SXHBA 109,0 62 
2ZOXHPA 90,76 45 
40XHMA (4) 105,0 50 
3OXTCA 89,0 44 


cupaBba: MO Mepe yBeM¥eHHA aOclicc OpAMHAaTEI TOYeK TakxKe yBe- 
JMYHBAIOTCA. 


3. PaccuHTbiBaeTca SMnupHueckad AMHHA perpeccuu. Tako pac- 
ueT TpeOyeT 3HAYHTeIbHOrO KOMMYeCTBa HaGO/IOLeHUE u MIpOH3BOANTCH. 
Ha OCHOBe KOppevIAuHOHHOH Ta6suubr!, Beauly MaslouncieHHocTH 
SKCHEPHMCHTaIbHOrO MaTepHasla 3TY CTaqMIO OMycKaem. 

4. Tlocrpoenve Teoperuyueckoi mHHuH perpeccuu. . 

Xapaktep pacnowlomKeHua ToweK Ha KOppeAIWOHHOM none Haw. 
NOACKAaSbIBAeT, UTO TeOPeTHYeCKad JIMHUA perpeccuu ABAAeTCA mpA- 
MOH, T. e. BbIpaxKaeTcA ypaBHeHvem 


yy =a-+t bx, 
rye @ u 6—HeusBecTHbe Mapamerphl. 


M3 OecuvcneHHoro MHOxKeCTBa MpAMEIX suHuit, KOTOPbIe€ MO?KHO: 
NPOBCCTH Ha MJIOCKOCTH, Cilenyer BbIOpaTh OAHY, HaMsyUlIuM obpa- 
30M COOTBETCTBYIOWY!O HallHM SKCNeCPHMeHTaJIbHbIM ZaHHbIm. Kaxkum 
o6pa30M 3TO OCYIeCTBUTh? 

JIerKo BUeTb, YTO 43 TpeX Pa3sIMYHEIX MpPAMBIx a, b, c, Mpous- 
BOJIbHO HavepyeHHbIX Ha KOPpeJIAWMOHHOM Nose (puc. 30), npamasa D 
AY4Ule COOTBETCTBYe€T HallIMM 3MMHPHYeCKHM JLAHHbIM, ueM Be 


' CaeyeT mpegoctepeyb NpOTHB HellpaBHAbHOTO MeTORMYeCKOrO npHema — 
NOCNENOBaTeIbHOTO COCAHHEHHA NPAMBIMH JIMHHAMH TOYeK KOppedALMOHHOTO: 
non. Tloryyaiouaaca mpuH 3TOM JOMaHad He aABuAeTCA SMMMPHyeCKOH JWHHHeH 
Perpecchu. Ilocnequaa OmKHa COeAMHATD TOUKH, COOTBETCTBYIOMIHe CpeAHHM 
SHAGNCHHAM OPAUMHAT, PaCCYHTaHHBIM B KaKOM cTONGUe Ta6THUBI. 
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octabupe. PaccuutTbipan 3HayeHHA (yYHKUHH NO NPAMOHM @ WIH C, 
Mbt GYM CHCTeMAaTHYECKH 3aBbILUaTb WIM 3aHWKaTb Npewe BbIHOC- 
‘WHBOCTH CTAaJH. | 

Haiiqem mpsAMy!0, KOTOpad MOAXOAWIa Obl K 3aMaHHbIM TONKaM 
KOPpeAMHOHHOTO MoJA O.1MKe, YeM Kakan-IHOO Apyrad TpAMads. 
BaN30CTb TOUKH K IIpAMOH H3MepsHeM OTPe3KOM OPAHHATbI, COC 


un 


ww 


fipeden Bsimocnubocmu npu u3szeube 8 xe/mm? 
x* 


Npeden Bsinocnuboemu ngu v3eude 6 we/oara® 





60 70 860 90 100 OX 60 70 80 9 U" NOX 
NIpeden npownocmu npu xpyvenuu 8 xe/mm? fpeden npowiocmu npu xpyvenuu 6 re/mn? 
Puc. 29. 3aBnucHMOCTD MexKaAYy Mpese- Puc. 30 


NOM BBIHOCJHROCTH H mpezedom poy 
HOCTH nai 12 MapoK CTaJH. 


HyfOULM TOUKY ¢ sTOH mpamo#. Ha puc. 31 noKka3aH TaKOH OTpe30K 
ia toukw A (uckOoMas TIpAMaa MpoBeeHa YCJIOBHO); OH PaBeH pa3- 
NocTH M@KAY PakTHYeCKOH OPAMHATOM TOUKH H COOTBeTCTBYIOULeH 
GDAMHATOH TIpsaAMOH JIMHHH 
A oe 

OrktoHeHHe TOUKH OT MpxAMOH (H3MepeHHOe MO OpHHaTe) Mo- 
*wKeT ObITh MOJOPMKUTCIDUDIM HIM OTPHUATeIbHbIM B 3aBHCHMOCTH OT 
VOrO, PacnMo.loxKena JH TOUKA Ha MpAMOH WIH HHKe Ce. Tak Kak 
b aHHOM Calyuae Hac He HHTepecyloT 3HaKH OTKJIOHEHHH, TO BO3BeZeM 
Kaxknloe H3 IHX B KBaapatT. OOpasyem CyMMY KBafpaTOB OTKJIOHE- 
Hill Jt BCCX TOUeK MOJIA HW TOoTpe6yem, uTOGbI 9Ta CyMMa Oblla MH- 
HHUMaJIbHoH 


S(y —¥),)? = min, (5. 12.1) 
r. @. cyalMma KeQOparoe OTKAOHENUt dakTu4ecKUx OpOUuKaT oF Opdt- 
HaT, G6bIMUCACHHOIX NO YypaeHeduro npamoti, Oona OolTo Hau- 
MCHBOUCH. 
Oy 
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Popmyaa (5.1.1.) HocuT Ha3BaHHe Tpe6oBaHua HaUuMeNdWUX 
KeadpaToé6, a cmoco6 OTLICKaHHA MapaMeTpos, OCHOBaHHbIM Ha 3TOM 
Tpe6oBaHHH, Ha3blBaeTcA cnocobom NaumeHbuUux KéadpaTos. 

Cnoco6 HaHMeHbIUMX KBa—paTOB ABJIAeTCH ONHHM H3 Han6oulee 
YNOTPeOHTeEJIbHEIX METOOB MpHGOJIHKeHHOK OLeHKH MO AaHHbIM ONbITAa 
HeH3BeECTHEIX HAM MapaMeTpoB ypaBHeHHh. Hapany co cnoco6om 
HAHMCHbIUHX KBaZpaTOB CYIUeCTBYIOT H Apyrve MeTOAbI, UCMOIb3yIO- 
UIHeCA JIA STOM ILeH. 

Tloka3aHo, 4TO NpH ONpeseeHHHIX YCJIOBHAX, 4aCTO C TeM HH 
HHbIM MIpHOM2KeHHeM, OCYLIECTBIAIOUIMMCA Ha TpakTukKe, OWeHKH 
mapaMerTpoB, Nowyyaemble 110 cnocoO6y HaHMeHbUIHX KBapaTos, AB- 
AAIOTCA HaHOoulee TOUHBIMH B CMbIcJIe TeopHH BeponTHOcTeH '. Tex- 
HHYeCKH CiMocoO HaHMeHbIUHxX KBaapaTop yqoOeH B Tex cJydanx, 
lg MCKOMBI€e TapaMeTpbl BXOAAT B ypaBHeHvA CBA3H JIMHeMHDIM 
o6pasom. 


Mcxoas u3 Tpe6opanua (5.1.1), Mbl HaxoqHM HCKOMYy10 TIPAMYIO 
ClelyIouluM o6pa3om. 


SameHum B dopmyve (5.1.1) y, uepes a+ bx uw o603HadHM 
AeByIO 4aCTb MOPpMyAn OyKBoH f 


f= 3(y—a— bx)’, 


J — dyHKWHA OT HeHM3BeECTHHIX MapamMeTposB a Hu B. 


SHayeHua a u Ob, yROBAeTBOpAIOUlHe MHHMMYMY dyHKuun f, 
HaHAYTCH, K4K U3BECTHO, H3 ypaBHeHHH: 


SU, aitge . Gove 


2 
7 =0, (5. 1,2) 


[]pou3sBog" COOTBCTCTBYIOMIHE BbIKIaIKH, NOJYIaAeM 


we 


=~ DY —_— —_— =— 
a 24(y —a— bx)=0 


HAM 
X(y — a — bx) =0; 
OTKYa 
Ly =na-+ b&x 
(% — uHCAO TOK), 


1 Cm. [19]. 


* Ypaspnenng (5. 1. 2) aBanioTca, KaK M3BeCTHO, AHUIb HEOOXOJMMBIMH yCa0- 
BHAMU MHHHMYMa. OHaKO DAA NOAOKUTeADHOH KBaapaTHyeckoH ynkunn f 
OT MapaMeTpoB a, D STH YCNOBHA ABAAIOTCH K LOCTATOUHLIMH, 


7 A. WW. Jlykomcxua 97 
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Of ee = 
<= —2E(y—a—ba)x=0 


HK 
Z(y—a— bx) x=0 


OTKY 1a 
Lyx = abx t-bix? 
Mbl ipHulin K CHCTeMe ABYX ypaBHeHHH TNepBok cTreneHH OTHO- 
CHTeCJIbHO H€H3BeCTHBIX apaMeTpos a u O 
Ly = na -+- b&x 
7 (5. 1. 3) 
Lyx = arlx + bX x? 
Cuctema (5.1.3) Ha3bipaetca cucTemolti HOPMANbHdIX YPAaBHeHutl 
mo cnocoOy HaHMCHbIUHX KBaspaTOB WIA OMpeqeeHua MapaMeTpos. 


CymMb Lx, Lx*?, Ly, Ley NOMCuMThIBAIOTCH MO AaHHbIM Tab... 
30; pacueThI MpoH3B0ORATCA npH NOMOULM Tabu. 31. 


Ta6auya 3! 

ee ee 
51 95 2601 1275 24,7 
67 30 4 489 2010 33,9 
84 43 7 056 3612 43.7 

81 44 6°61 3 564 420 
101 57 10.201 5 757 53.5 
109 58 11 881 6 322 58.1 
7 43 504] 3 053 36.3 
97 46 9 409 4 462 51.9 
109 62 11 881 6 758 58.] 
G] 45 8 28] 4.095 47.8 
105 55 11 025 5775 55,8 
8g 44 7921 3916 46.6 
E = 1055 550 96 347 | 637 | 50 599 | = 


TloactTaBJiaa MOJyYeHHbIe BeJIMYHHbI B ypaBHeHuA (5.1.3), pe- 
INaeM 9TH YPaBHCHHSA OTHOCHTe/IDEO HeH3BeCTHbIX a uO 
oo2== 12a-+ 100;0/: 12 
90599 = 1055a + 96347b | :1055 
46 =a--8/,9170 
47 ,961= a —- 91,3240 








1,961 == 3,407-5, 
pa 576. 
3,407 
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46 = a + 87,917-0,576; 
a = — 50,64 + 46 = — 4,64, 
Orcioga ypasHeHve uCKOMOH mpAMOdt 
y= ae 4,64 + 0,576.x. (5. L: 4) 


IIpuqapaa MepeMeHHol x pa3iHuHble sHayeHHA, NoOyaaem 13 
ypaBHeHua (5.1.4) coorsercTsyioulMe 3HayeHna y,. B croa6ue 5 
TaOa. 31 yKasaHbl y, JIA BCeX X, 3aNMCaHHbIX B cTrom6ne 1 Ta6MUEI. 


Noamas peepeccuu 








45 


40 


Npeden Esinocnubocmu npu useude 6 ne/un? 
fipeden npovnocmu nou u3zube 8 x2/um? 





60 70 80 90 100 OR 60 70 8 90 00 Ilo x 
Upeden npouxecmu npu xpyyvenuu 8 xe/nm® Npeden npownocmu apy Kpyvexuu 6 x2/nm* 


Pue. 31 Puc. 32. 3aBHcHMOCTh Mex Ay mpene- 
JOM BbIHOCIMBOCTH WH MpejelomM mpou- 
HOCTH Aaa 12 MapoK crtaaH 


[lo STHM WaHHbIM YepTHM Npsamyro perpeccun B Nose Koppenanun. 

YpapHenne (5.1.4) unu puc. 32 Moryr 6bITh HcNomD30BaHEI LIA 
MipHOMMKEHHOH OLeCHKH Mpesea BHIHOCJIMBOCTH CTAaJIM, eC MMeIOTCA 
CBeeHHA O ee Tipesesie MPOUHOCTH Ha KpyyeuHue. 


§ 2. NPAMOJIMHEHHAA 3ABHCHMOCTb. AAHHbIE CFPYMMHPOBAHBI 


IIpumep, paccMOTpeHHEIA B Mpenbiyuem naparpade, conepxant 
HeOO/IbIUOe KOMMYeCTBO AaHHbIx (n=12). Pe3yJIbTaTbl, MOuJyYeHHEIe 
Ha TaKOM MaTepHaJle, B SHAYHTeIBHOH CTeneHH ClyyaiHbl “ MOryT 
H€ MOBTOPHTbCAH Ha APyrOM OAHOTHNHOM MaTepuaue. Bonee Halex- 
HbI€ PesyJIbTaThl TpeOyioT MaCCOBOrO MaTepHavla, KOTOPbIit OOLINHO 


7% 99 
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nogpepraioT rpymnupoBke H CBOAAT B KOPPeJIALLMOHHYyIO TaOJIHIy. 
Pacuer TeopeTHuecKOH JIHMHHM perpeCCHH MpOH3BOMMTCAH Ha OCHOBe 
KOppeIANouHo Tabs. [ist 3aBHcHMOCTH MexKAy BaslOBOH Mpo- 
RyKuvell H YHCAOM YeOBeKO-AHeH (cM. Ta6u. 27) SMMupMuecKkas JIM- 
HMA perpeccHy 6biia paccuntana B § | rulappt IV (Tad. 28, puc. 23). 


Teoperuyeckylo JIMHMIO perpeccHH MOXHO MOJIOKHTb B MepBOM 
MIpHOAWKCHHU TIpAMOl H HCKaTb ee ypaBHeHHe B Bue 


vp = at bx. 


[lapametppl a un b onpememsioTcH, KaK MbI 3HaeM, M3 ypaBHe- 
HHH (5. 1.3) 


Ly = na-+ bux ! 
Eyx = abx 4-bix2 J 


Onvako B KOppeIAWMCHHOH TaOMMe BapHaHTbl x, Y H UX Coue- 
TaHHA BCTpeyaloTcA Cc ONpemetenHbIMa uactroTaMu. IlosToMy Bce 
CyMMbI B ypaBHeHuax (5. 1.3): 2x, 2x?, Ly, Bxy ymoOuee BbINHC- 
ASTb BO B3BeleHHOM Bue. Uro6bl yKa3aTb Ha 9TO, OyMeM CTaBUTb 
TOUKY Ha, O6OSHAYeHHeM KAKO CYMMBI: XX, Yx?, Sy, Dxy. Karmgoe 
M3 9THX BLIPAKeHHM HMeeT, TAKHM OOpa3soM, ABOAKHH CMBICA: mpocTou 
HM B3BelWICHHOK CYMMBI. 

B caMoM jele, NyCTb MpH3Hak X MPHHHMAeT B KOPPCJAWMOH- 
Holi TaGnuNe 3HayeHHA (I@HTPbI HHTeEPBaIOB) Xj, X_,-.- Xs (S— 
unclo WHTepsatoB). UacToTH aTHX 3HaYeHHH OOO3HAYHM COOTBET- 
cTBeHHO uepes f,, Ay,...h, UX HMeeT, BO-TlePBbIX, CMBIC MpO- 
cTOH CyMMbI Lx, noqBoAawmen uTOr 3SHaAUeCHHH X VIA BCeX 9.1e- 
MeHTOB COBOKYIIHOCTH, T. €. Cocmoum U3 MN LACH BX. ux HMeeT, 
BO-BTOPHIX, CMbIC B3BeWeHHOA cymMbI Dh;x, NOABOAAULEH ATOF 
MO S$ pa3/IHUHbIM 3HAYeCHUAM X,;, KaxK OC H3 KOTOPHIX NOBTOPA-TCH 
h, pas. Sta cyMMa COCTOHT, TaKHM OOpa30M, H3 S 4YeHOB BHA 


xh, Avaworu4uHo Aid Apyrax cymm Lx’, Ly, Lxy. 
Tlpenctapsenue Kak Joli u3 9TUX CYMM B NIPOCTOM WJM B3BeLICH- 
Holi @opMe ONpesenmetcA cooOpaxkeHuAMH yAOOcTBA. Uncslopble pac- 


YeTHI IesecooOpa3Ho Bcerfa MPpOK3BOAUTb NO POpMy1aM B3BeLWeHHHIX 
cymM. Jia TeopeTH¥eCKHX BHIKIaOK MbI OyneM acto ipHoOeratTp 


K TIpeqcTaBseHulO 3THX CYMM B MpOcToH dopme. 
CucreMa HOPM@JIbHBIX ypaBHeHHH 3anMHleTcA B BUTE 


eae eae, (5. 2. 1) 


Sxy = abx + bdx2. 
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BuuncieHHe CyMM Dx, Dx, Ly, xy IpOHIOCTpHpyem Ha BCIO~ 
MoraTeJIbHOM IIpHMepe KOppeALMOHHOM TAO. 32. | 


Ta6auya 32 


PacueT TeopeTHuecKOH JHHHK perpeccHH 


















































yy = a+ bx 
Homepa cTou60B 
1 2 
ee 5 | 1 | 15 | 20 sa ly 
: Pats om 
50 | | | 2 | 1 | 3 | 150 
ce eae a 
40 15 600 
90 ae gn 90 
30 ia | 8 | 8 3 | 20 | 600 
rt 80 30 
20 | | 4 po | | 10 | 200 
20 
wo | 2 | ' | 2 | 
dacs ce Nh etl a NN he ee 
1 uror | 10 | 1s | 1s 10 s0—n 1570=Sly=Sy 
, 2 hx | 9 | 160 | 225 | 200 | - DAx= Dx 
e , 
a 3 hx? | 250 | 1500 | 3375 | 4000 9125 TAx2aa Txt 
a ‘ _fymy | 210 | 440 | 540 | 380 )510= Lly=Ly 
s xuymy | 1050 4400 | 8100 | 7600 21150=Imxy—= Sry 








Dx paccunTEIBacTCA KaK CyMMa Mpon3peqenui x na &, T. e. 
Lx == LAx. Pedyabtatn 3amucbipaem B cTpoKxe Ne 2. AHaworH4aHO 
Yx?=Lhx? s3anucpipaem sp cTpoKke Ne 3. O6o3Haunm OyKBon ZL 
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HTOFOBHE WaCcTOTH y, OYKBOH m— 4aCTOTHE KeTOK KOppeaau- 


OHHOA TaN (coueTaHHii x uy). Ly PacC4YHTHBaeTCA KaK CyM- 
Ma TIPOM3BeAeHHH y Ha L 


Ly — “ly. 
PesysbTaT 3amHcbiBaem B croa6ue No 2. 


OxHOBpemenHO Ly MOMKET paccunTHIBaThCA IpyrHM Cioco6om. 
SaMeTHM, 4TO | 


Ly=Ly+ hy +... + Boy == Eymy + Lymy + -..p Lymy, 


rye Kawktad W3 CyMM Ly==-Uiamy NOLBOAUT HTOTH Npon3sBeneHHit 
My MAA t-TO CTOMOUa KOPPeMAWMOHHOM Tab6AHUbI. ITponsspenenua 
my 3anvCbiBaeM B BePXHHX MpaBblx yraaxX KACTOK Ta6/HI[bl, a 
HX HTOrH Limy —B crpoxe Ne 4. O6mnA uTor Xmy cayxuT npo- 


BEpKOH BbIUNCIeHHA Ly, ChetaHHOoro paHee ApyruM cnoco6bom. 
Hakonen, 41a pacueta Lxy 3ameruM, 4To 


Dxy = Eyxy 4-Eyxy--... yxy ae 
=x, Dy -+xUoy+... +x S.y = 
= XUyMy + X,Y my +... + x LU emy. 


CyenopaTeIbHo, Kak oe Lmy Mbl YMHOMKACM Ha COOTBETCT- 
Byloujee X H CKJiaqbiBaeM. Pe3yibTaT 3annucbhiBaeM B CTpoKe Ne 5. 


CHCTeMa HOPM@JIbHBIX ypaBHeHHit awa Taba. 32 


1570= 50a+ 6266 | 
21150 = 625a + 91255 | 
Peman oTy cucTeMy, NO.1yUHM @ = 16,875, b= 1,162. 
Orkyja 
y, = 16,875 + 1,162-.. 


BbpluHCsIeHHA 3HAUHTCJIBHO YIPOHLaloTcd, eCJIHW BOCNOJIb30BaTbCA 
SaAMCHOH TiCpPCMeCHHBIxX 


Bae — : f — 
ee + y ly 


y—Cy 





, 


roe C, u C,— Hope Hayaia oTcuera; 


t,, ly -— MHTePBaIbl NO X HY. 


Aaa Ta61.-32 npumem C,=10, Cy=30, i,==5, i, = 10. 
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OTHCKHBaeM MapaMeTpH Npamon y, =a’ + b’x’ c MOMOLLbIO 
CHCT@EMH HOPM@/IbHMX ypaBHeHHh 


Ly! = na’ + b'Ex’, 






































: ; Bos (5. 2. 2) 
Lx’ y! == a’Ex’ 4-O'Ux". 
BpmvcseHuA paciomaraem, Kak MoKa3aHo B TaOa. 33. 
TaGauya 33 
PacweT reopeTnHyeckof AHHHH perpeccue 
Ver =a’'+b'x 
x’ | —1 am Te: Homepa cro16moB 
Mt a 
P x 
4 2 
fi | + bp . 
3 6 6 
1 | 40 / 3 
0 0 0 0 
ARS & ba 5 E 
—5 —4 —| 
ape ae 
—4 
oy te ‘ 
1 7ie wi ees Te 
h 
es - thee ae = 
Oo 
ca. | _ 
8 2 
3 d hx’ 0 | 0 
o 
z 
2) 
oe | SL x aE ak Te 
ead Ge Go ee ae oe 








CucteMa HOPMaJIbHbIX ypaBHeHHH AIA Ta6u. 33 
7 = 5Ua’ + 25b’ ! 
34 = 25a’ + 650’ 
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OrTkyza 
a’ == —0,151, b’ =0,581, 
Ve == —0,151 + 0,581’. 


Or napametpos a’, b’ octaetca nepeltH Kk na paMeTpan a, b. 


Aa ato eH NOACTaBHM B ypaBHeHHe yy =a’ -} b’x’ Bupa- 
*KeHHA: 








Ce. = 
xe SOE Ye (5. 2. 3) 


Ve—Cy = 
= sO i 


Tlocsie mpeo6pa3opaHua nomyyaem 


=|, + ial — Cs + bY x 


Ly 





ee 


a b 


a (bopMy.IbI Tepexoga oT napametpos a’, b’ K napamer- 
pam a, 6: 


— , ty ae, per , ly 
b==b 7 a=C,+i,a — 0'C,— 


by 


(5. 2. 4) 
Jaa TAQIS oo & 
b = 0,581- =I ,162, 


a = 30 — 10-0,151 — 11,62 = 16,87. 


pHi K TeM 2Ke 3HaveHHAM, KOTOpble 6bWIM MOTyYeHR! paHee 
APYruM MyTeM. 

IIpopeqa aHaJOrMyHble pacueTbl 2A 3aBHCHMOCTH Mey BaJo- 
BOK MpowyKuweH HW HCIOM OTpaOoTaHHbIX 4YeOBeKO-qHem (cM. 
Ta6. 27), Mbl NO.1Ty4YHJIH ypaBHeHve perpeccnu 


Vx = 42,79 + 0,622. 


Ilo sTOMy ypaBHeHHio CTPOHM paAmMyw perpeccun Ha Noe KOp- 
pevAuHH (pue. 33). 

Mb! BHHM, UTO NPHPOCTY BbINOJHCHHA MWwlaHa MO YHCy YesIOBeKo- 
mHek ua 10% cooTBetcTByeT cpeRHHii MpHpocT BbITOAHeHHA MWiaHa 
MO BaJIOBOH NpozyKWUHH Ha 6,22%. 

OTMeTHM OHO BECbMa BaKHOE OOCTOSTEBCTBO. 3aMeHHM LX 
yepe3s LAX u Ux-—uepe3 LAx*, Kak 3TO G6bINO yKa3aHO paHee. 
1n4 | 
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Jlaiee, Buipaxenua Ly u Lxy npeo6pasyem cenzyiouaM o6pa30m: 
Sy=Liy + Dy t+ By t+... + hy = 


* 
q 


_p Sy | y sy sy 
ge) egg nag ee 





= My, + Mayet... + hy, = Shy, 





05 65 75 85 95 105 5 125 135 %5 155 165X 
yucno yenobexo-dued 8 % K naany 


Puc. 33. 3aBHcuMocTb MeXKAY BanOBOH NpoAyKuUMeH Hu 4HC- 

HOM OTPaG6OTaHHbIX YeNOBeKO-AHeH (B % K MAany) AAA 

214 npeanpuatuh. IIpamaa nu mapa6oaa perpeccuu 2-ro 

NOpAdKa, SMNMpPHYeCKaA JHHHA perpeccuHu uM NOME KOppe- 
JAAN 


rye ywepe3 Yi, Yo,...Y;, HAH Kopoye y,, OOO3HAYeHHI CpewHHe 3Haye- 
HHA Y B KaxKJOM CTONOUe KOPpeJAUMOHHOH TaG/JMUbI (SMNApHuecKkHe 
cpeqHne) , 


xy =x, 21y + xXey eee + X,2Y se 
== hy X, Wy + AaXeyg +... + Ax y. = Dhxy,. 


YpaspHenna (5.2.1) mpeqcTaBATcA B CJlemyolleM BHIe: 


Lhy, = na + bdLAx 


os (5. 2. 5) 
LAxy, = athx + b&rAx? . 
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CucTeMa HOPMaJIbHBIX ypaBHeHuit (5.1.3) G6bi1a nonyyena u3 
YCNOBHA HaHOobINel OM30CTH HCKOMOHM MpaMoi K UHOUBUOYAAbHOLM 
TOUKaM KOPPeJIAWHOHHOrTO NowA 


E (y — yr}*== min. 


Ypapyenua xe (5.1.4) nomyuens v3 ypasHennit (5. 1.3) tTomze- 
CTBCHHbIM mMpeoOpa3opanuem. [lostomy mpamas perpeccuu, mapa- 
MeTpbl KOTOPOH HaliweHbl 43 ypaBHeHui (5.2.5), ynopmersopser 
TOMy %e ycsioBuro (5. 1. 1.). 

OgHako B TO %e BpeMa ypaBHeHua (5.2.5) moxHOo novly4auTp 
43 Apyroro yCOBUA — YCOBHA HaHOoblueh 61M30CTH HCKOMOM mpaA- 
MOH K 9MNUpUueCKOL AUHUU pPeepeccuu. 

B camoM flee, noTpeGyem, 4ToOb 63eewenHaA cyMMa KeadpaTos 
OTKAOHERUL OpOUHaT aMnuUpuXeCcKOLL AUHUU peepeccuu oT OpOuUHaT 
ucKOMOL npAMO ObolAa HaUMEeHoUEL 


LA(y,—y,)? = min. (5. 2. 6) 


Moactapaa B dopmyay (5.2.6) pMecto y, ero BbIpaxenve 
a-+bx, o603Ha4aa sJeByIo YacTb cbopmy.H OyKBoH f, nudbdpepex- 
MUpyeM YacTHbIM OO6pasom f nm) @ uno 6 4 NpHpaBHMBaeM Mpo- 
H3BOAHHe HYW10 

% 9 *F_9 
da 0b 
WH 
— 25h (y,—a — bx) =0, 
— 20hx (y, —a — bx) =0. 
Orciog£a MbI IpHxoqHuM K d@opmyviam (5.2.5): 


Thy, = na + bh 
SAxy, = athx + bEAx? 


CredosaTenbHo, NpAMaA, NOAYLeHHAA u3 YCaoBuA Haubonbweli 
OAUZOCTU K TOUKAM KOPPe€AAUUOHHOZO NOAA, OKABANACH 6 HAUOONb- 
wen OAUZOCTU U K aMnUupUYeCKOlL AUHUU peepeccuu. Bra npamaa 
BoipasHuBsaeT IMNUPULECKYIO AUNUIO peepeccuu. 

Yenosua (5. 1.1.) u (5.2.6) sksupanenTHbt. 

B § 3 raasyr VII Oyner yKa3aH pyro mpHem pacyeta npamoli 
perpeccuu. 


§ 3. KPHBOJIHHEHHAA 3ABHCHMOCTb 


Tpe6opaHve HavMeHbIINX KBawpaTOB COXpaHsAeTca MH NpH pacueTe 
MmapaMeTpoB KPHBOJIMHeEHHOH perpeccuu. 

IIpumep. SapucuMocTb MexJly BaJIOBOH NpOAyK Me H 4HCJIOM Ye- 

“ lOBeKO-2HeH (B MpoweHTax K TWiaHy) paCCMaTpHBaJlacb B MepBOM 
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npu61wxKeHHH Kak MpAMOMMHeHHaa (cM. § 2). Onnaxo no coo6pa- 
*KEHHAM, YKA43aHHBIM Ha CTP. 90, 3eCb MOET ObITh MPHHATA KBal- 
paTuueckad yHKuUA, T. e. Mapa6ona Broporo mopsgka } 


VV, at bx + cx, (5. 3. 1) 


Ilapamerphi a, 6, c¢ onpegenaiotca u3 Tpe6oBaHua HaMMeHbLLIUX 
KBapaToB 


f =X(y—y,)? =2(y — a — bx — cx?)? = min; (5. 3. 2) 
OTKY 2a | 


of Of Ef) 
da > ab Ac ; 


uTO MaeT Nocue AHpmepeHunpoBaHHA CHCTeMy ypaBHeHH 


Ly = na + bX&x + cL x? 
Uxy = alx+bhx2+cLx§ | (5. 3. 3) 
Lxty = abix?+ bx +cihxt 


Pella CHCTeEMY OTHOCHTe/IbHO a, b, Cc, HAXOAMM HCKOMbIe 3Ha4ue- 
HHA MapaMeTpos. 

Korga MaTepHaJl crpymmupoBaH u MpescTaBeH B KOppesAlMoH- 
HOM TaOsuue, CYMMbI B ypaBHeHHax (5.3.3) BbIUHCAAIOTCA NO B3Be- 
IWe€HHbIM POpMyvlaM MH CHcTeMa (5.3.3) 3amMmeTcA Tak: 


Sy =a + bEx tebx 
Bxy = ax +. bEx2+cDx3 ° (0. 3. 4) 
Dx? y=abx? 4 bD.x3+chx4 


TIpocmequM TeXHHKy pacueTa NapaMeTpos, HcnO/b3yA MaHHble 
Ta6. 32, HO mpeqnomarad He JIMHeHHYy!O, a NapaOommueckylo 3aBH- 
CHMOCTb Y OT X. 

Bsaegzem yipoliiaionjee mpeo6pa3opanve (6. 2. 3) 

gee A 
by: iy 


roe C,-= 10; C,=30; i, =5; i, = 10, 





1 TIpov3BeqeHHHIH BbIMe JOrHueCKHH aHaH3 MPHBel K 3aBHCHMOCTM BHfJa 
V y= bx+-27. . 

Cso6onHbIh mapaMeTp a nmpucoequHeH K ypaBHeHHIO MO cooOpakeHHAM, CBA- 
3aNHBIM C TeXHHKOH cnoco6a HaHMeHbIUNX KBagpaToB. IIpH Hann4unHH cBOO6OAHOrO 
wieHa B YpaBHeHHH perpeccHH OCYUIeCTBIAeTCA Pa3zowKeHve AMCHePpCHH Y Ha 
YaCTH, OGYCIOBIeHHYIO H HeOGyCOBIeHHYyIO BAHAHHeEM @akTopa xX, YTO BaKHO 
{pH NMOCTPOeHHH NoKa3aTene TecHOTH! 3aBMcHMOCTH (§ 2 rvaBH VII). 

Ecau jlornueckHii aHau3 BepeH, TO @ OKakeTcaA HeOOJDbINHM. 
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H 6YMe€M HCKaTb 3a4BiiCHMOCTb 
— >? 9 
Vx" == a! +b’ x! +-¢'x’ 


Iapametppi a’, 0’, c’ ompemeaaiotcn 43 CHCT@EME HOPMAJIbHEIX 
y paBHeHHit: 


Dy’ ra na’ 4 b/Sx! 4-¢/Dx"" 
Bx’y = a! Dx! Sx" 4 cE” (5. 3. 5) 
Vy” y= aq’ Sx” ae bb’. ae o/Sx" 

Pacuer BcexX CYMM, ABJIAIONHXCA KOSDULMeHTAMH MpH HeH3BeCT- 
HbIX H CBOOOZHbIMH WICHaMH B ypaBHeHHAx (5.3.5), NPOH3BOHM 
B Ta6a. 34. | 

TIpHxoQHM K CHCTeMe HOPMA@JIbHBIX ypaBHeHHH: 

7 = 50a’ + 25b’+4+-65c’, 
34 == 25a’ +65b’+-85c’, 
32 = 65a’ +-85b’ +-185c’. 
Pewiaa 9Ty CHcTeMy, NOJyyHM 


a’ == —0,0233, b’=0,740, c’ = — 0,159. 


—?} 
Ce AOBaTeIbHO, 3€BHCHMOCTb M@XKAY yx WH xX’ BHpPaKeetca 
y paBHeHHeM 


Yur == — 0,0233-+-0,740x’ — 0,159.x”. 
IIpon3peaa B 39TOM YpaBHeHHH 3aMeHy NepeMeHHBIX 


r__*%—Cy = Vy —Cy 
—= Vx = 





Xx as , 
ly iy 
nowyuHM 
2 ek 0,0233 + 0,740 x—10 0,159 (+ — 10)? | 
10 D 25 
OtTKy 2a 


V¥, = 8,607 + 2,752x — 0,0636.x?. 


MooKHO 6b10 Obl BOCNOIb30BaTbCA HW TOTOBLIMH OpMy.1aMii 
mepexoya OT napametpoB a’, 0’, c’ kK NapametpaM Q@, JB, c, BBI- 
BeAX 3TH MOPMYJIbI NPHEMOM, YK@3aHHbIM BBIMe. 
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TaGauya 34 
PacueT TeopeTH¥eCKON JHHHH perpeccHH 
yea’ +b'x! + x" 


















































Homepa cToa6u0B 
| x | —l 0 1 2 = r 2 
y! Pa 5 | 10 | 15 | 20 | sh ly’ 
r 9 
2 | 50 : 2 l 3 6 
3 6 6 
1 | 40 | | 3 | 6 : 6 | 15 | 15 
0 0 0 0 
0 | 30 | 3 8 6 | 3 20 0 
es ae eh CE OA, (20 (co 
= =A | ed 
=| | 20 | 5 | 4 1 | | 10 | —10 
es SRR mane! renee Teena! (eee! |e me 
ale. | 
= | 10 | 0 ) 2 | 4 
Cee eS) ee ee, Sel, eee Cet ees | SNE Sk aeees eer 
VY cr = r 
| ag | 10 | 15 | 15 | 10 | 50 | T=Ly 
2 hx’ | —10 | 0 15 | 20 : 25 = Dx" 
| ; 
3 | hx" | 10 0 | 15 | 40 | 65=Sx"" 
Sits ee ee ee a ea a - 33 
a. ‘ hx” | —-10 | 0 | 15 | 80 | 85= 2x’ 
wo 
al | asa 
2/5 hx" 10 0 15 | 160 | 185 = Ex’ 
= |—! | 7 
6| Xymy —9 a 9 | 8 : 7==Ly’ 
7\ x'Z,my’ 9 0 9 | 16 | 34=Ex'y’ 
8| x’ Zyny’ | —9 0 | 9 : 32 | 322 Ex" y" 





Tlon06HBIM 2Ke 06pa30M O6bIO paccuHTaHO ypaBHeHHe perpeccHH 
WIA 3€BHCHMOCTH M@KAY BaNOBOH MpOsyKiveh uw 4HuCHOM OTpabo- 
TAHHBIX WeJIOBeKO-2HeH 


y, = 35,42 + 0,745x —0,000322.x3. 
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‘padbuyeckoe w306paxenue storo yPaBHeHHA avo Ha CooTBeT- 
CTBYIOWEM Toe KoppesauuH (cM. puc. 33). Teoperwyueckaa sauna 
perpeccnu (napa6oaa sroporo NOpAAKa) MoKa3blpaeT cylerKa 3a- 
MCJICHHbIM XapakTep H3MCHEHHA OPAMHATH A 6NH3KO NOLXONUT 
K SMMHPHYeCKOH JIMHMM perpeccuu. 

SaMeTHM, 4TO cHcTeMa HOPMAaJIbHBIX ypaBHenna (5.3.4), Tax 
*Ke Kak H MPH PacueTe NapaMeTpoB mpsaMol MHHM, MoxeT OHITh 
Tipe ACTaBeHa B BHTe 


Dhy, = na + bYAx + cD Ax? 
LAX, = athx + bEAx? + cDhx® |. (5, 3. 6) 
Thx? y= aDAx? + oDAx3 + cDixct 


Takum o6pa3om, crctema (5. 3. 6) BbITeKaeT H3 ycrosua (5.3. 2). 
Onnako ypaBHenus (5. 3. 6) MOryT ObITb HenocpegcTBeHHO nOwy- 
YeHbI H H3 yCJIOBHA 


Z(y;— y,)*A= min. 


Ilostomy Teopernyueckasd sMHHA perpeccHH OKa3bIBaeTCA B AaH- 
Combe OH30CTH He TOABKO K TOUKaM MOJIA, HO H K SMMMpHYecKOr 
VIHHHM perpeccuH, T. e€. pellaer 3anayy BEIPaBHuBaHHa nocwleqHen. 

AHaJOPHuHbIM TyTeM onpenenaiores NapaMeTphl ypaBHeHus pe- 


rpeccHH, Korga NocwleqHee BbIPaxkaeTca B BUG MHOcOUAeNA 3A0QAHHOL 
cTenenu bk 


My At ax -+ ax? a,x, (2327) 


H B HaHOosee OOleM Culyyae, Kora y,, TIpemMolaraetcg aunedxnoad 
(pynKuyued Or NapameTpos a, b, c 


4 


V~=at bp(x)+eg(x)+..., (5. 3. 8) 


re p(x), g(x) — mo6ple dbynkunn or x, He 3aBHCAlMe OT KaKux- 
MOO HeHSBECTHEIX MapamerTpos. Tak, 43 Tpe6oBaHua HavMeHbUIUX 
KBajIpaTOB, 3amHCaHHoro B Bue 





Z(y—y,)? = min, 
MBI TIPHXOMHM B Clyyae (5.3.6) K CHCTeMe HOpMaJIbHBIX YpaBHeHHe 


ty =na +-b¥p(x)+cXg(x)+... 
Lyp (x) = alp (x) + bE p? (x) -b cXq (x) P(x) +... 4. (5.3.9) 
Byg (x) == ag (x) + Sp (x) g (x) -+ cE g?(t)-L... 


Cuctemy (5. 3.9) pemaem ornocuTebHo HeH3BeCTHBIX a, 8, C,..., 
MNPCIBAPHTebHO OMpPeZeIHB CYMMLI: 


“p(x), Xq(x), Lp2(x), Lg(x)-p(x),... 
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Tlome3HO 3aNOMHHTb Cilefyiolulee NpaBHIO COcTaBAeHHA ypaBHe- 
en (5.3.9), Koropoe nosBouner o6olTuch 6es AudppepenuupoBayHA 
YHKUHH 


f= x (y = Ve)? 
YpapyenHe HCKOMOM AHHHH perpeccun (5. 3. 8) 
Y,z=a + bp (x)+cq(x) +... 


NOCMEOBaTeIbHO YMHOMAeTCA Ha KOIPPUUMEHTH MPH MapamMertpax;. 
mocjie 4ero GepeTca cyMMa B OG6eHX 4aCTAX ypaBHeHHA., 

Tax, KoscuunexT mpu Mapamerpe a pasen 1; mocae CyMMHpo- 
BaHua (H OTOpOCHB 3HaNKH Mp y) MpwxoquM K MepBoMy HOpMaJIb- 
HOMY ypaBHeHnio (5.3.9). Kospduuneut mpu b pasen p(x); nocie 
YMHOXKeHHA ypaBHeHHA (5.3.8) Ha p(x) w CYMMNpoBaHua, OTOpo- 
CHB 3HaUKH IPH Y, MpHXOXMM KO BTOPOMY HOPMaJIbHOMy ypaBHe- 
HHO HT. J. 

B pune MpuMepa paccunTaem Napamerpbl ypaBHeHua perpeccuk. 
ceOecTOHMOCTH MpOAYKUMH MO BeM4KHe BbINycKa 


y,=a+—- 
x 


lO JaHHbIM Tabu. 29. 


Cuctema HOpMaJIbHbIX ypaBHeHHi, NpencTaBseHHaA BO B3BelleH= 
HOM BHJe 


Dhy, = na + oS 
Xx 


a4 (5. 3. 10), 
a 


> 


DA! ayy 
x 


Xx 


PacueTbl CYMM IIpOH3BO2uM B Ta6s. 35, CreqoBatenbHo, 


592:36 = 44a + 23,9910 
356,47 = 23,991a + 29,0050 | 


OrKkyla 
a= 12,318, b=2,101 
H 
¥_= 12,318 4 = 


Teopetuyeckan JIMHHA perpeccHH H306paxKena Ha puc. 34. 
B cayyae, Korgqa y, He ABJAeTCH JIMHeEHHOH MyHKUHeH OT: 
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se Ta6auya 35 
: | i rm an Sint 
= h h = y; 
¢ Yi h os a hy; Lelie 
x 
Soaetee tle | 
0,5 16,50 6 12,000 24,000 99,00 198 ,00 
1,5 13,75 6 4,000 | 2.667 82,50 | 55,00 
2,0 13,31 8 3,200 1,280 106, 48 42,59 
3,5 12,50 fs 2,000 0,571 87 ,50 25,00 
4,9 13,52 4 0,889 0,198 54,08 12,02 
5,0 12,75 4 0,727 0,132 51,00 D527 
6,9 12,30 3 0,462 0,071 36,90 0,68 
7,9 12,83 2 0,267 0,036 25,66 3,42 
8,5 12,28 2 0,236 0,028 24,56 2,89 
9,9 12,34 2 0,211 0,022 24,68 2,00 
| 
: at 
| | 44 | 23,991 | 29,005 | 092,36 306, 47 
| | 
y 
19s ) 
i i SB 
eee Rae RER 
QC CC Cre 
3S (6b ) = 
SA See eh 
© 15-1 
= | 3 he 
A uae e 
SESE 
S ,—_ fal XN 
dee ame aa SAME Saray SR DS] OU NY 
a Spt 
shad as aeee 
2 39 464 § 6 7 B GF Ok 
Odpem npodyxyuuu 6 mesic. wm. 
Puc. 34. 3apucumocth Mexay ceGecToHMOcTLW 
CAHHHUbI H OObEMOM TIpORyKUHH. Tc operHyec- 
Kad WM 9MIIMPH4eCKaA AMHHM perpeccnu 
a, b, C,..., TO AIA pacuera 3TuX NapaMeTpoB MpHBJeKaloTca CHeLly- 


aJIBHBI€ IIPHEMbI, KaK-TO: MOCMeMOBAaTeJIbHble NpHOwIMKeHHA !, 3amMeHa 


MepeMeHHpix. Llocaequui mpvem paccmarpupaetca B CIE YIOulen 
rlaBe. 


awe 


a aS JI. Puty uw ap. Marematuyeckue ME€TOZbI B cTaTHCTHKe, 1927, 
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[MIABA VI 
®YHKUMOHAJIBHAA KOPPEJALNSA 


§ 1. PYHKUHOHAJIBHOE TIPEOBPA3SOBAHHE MNEPEMEHHDIX. 
JHHHH ®YHKUHOHAJIBHOH PEFPECCHH 


B pane culyuaeB KOPpeJIAUHOHHAA 3aBHCHMOCTb OKa3biBaeTca 60- 
Jiee MpoctoH, CCH PpacCMaTPHBaTb He CaMble MePeMeHHb!e, a HEKOTO- 
pbie yHKUHH STHX MePpeMeHHHIX, HalpuHMep JIOrapH@MHI, oOpaTHble 
BeJIMUHHbI HT. 0. B TakKHx cayyaax OOMbUIyIO NOMOLbh MpH ucce- 
NOBaHHH KOPpeAAWHOHHOH 3ABHCHMOCTH OKa3bIBaeT IIPeABapUTe/IbHaA 
3aMeHa NepeMeHHBIX. TloacHuMm mpHMepom. 

Ilyctb Ha OCHOBe MpesBapuTesbHOrTO MaTepHabHOTO aHau3a 
BOlipoca M@KAy MepeMeHHBIMH Y HW X MpesNoOMaraetcA 3aBHCHMOCTb 
mo cxemMe 


y=Vu + ver, ee oe. 


re “HW VU — HEYYHTHBaeMble apryMeHTHI, COrmacHo Dy ADEANO NORE: 
HHIO OT X KOPpeAUMOHHO HE 3aBUCAULHe, 


SameHonw NepeMeHHbIx 


ae (6.1.2) 


t = e* 
IPHBOAMM Mpenbiyulee ypaBHeHue K BUY 
g==u-+ ut. — (6.1. 3) 


CneqOBaTesIbHO, YpaBHeHHe MpeAebHOH TeOpeTHYeCKOH JIMHHH 
perpeccuH 2 m0 ¢ 2OJIKHO HMeTb BHA 


zZ,=u-+ vt, (6. 1. 4) 
raze u, v— HECH3BeECTHHE napaMeTDH, ONECHHBAeCMBIEC MO OTBTHBIM 
JaHHBIM. 


Ilycrb, HaMpHMep, WaHbl pe3y/bTaTbl usmepeHHa BeJIMYUHH xX HY 
(crom6unt | u 2 Ta6n. 36). 
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Ta6auya 36 








~ 





























Xx Y I P16” | a il Zi i? : z-t : f DE Vy 
relay, ee pete giecetatont cote eee te oe | t - be ne iets, ASAE Tae IRA) (AEN PARE | PTE, 
1 D8. ae I ch Ge 9 | 10 

Oe ae ee a 4,04} 5,87 | | | 

0:71 1390 | 2201 | 3.60! !3,56) 4.04] 7/24] | 4,97] 1,89 | 2,07 

0.7 | 208 | 2,01 | 4,16 | 4,04} 8,35 { 

1,0/ 2,09 | 2,72 | 4,36 7,40 | 11,86 

1o;} 2298 | 9°79 | 5°90 7°40 | 14.14 

10! 2°30 | 2:72 15298 | ¢ 529! 7’40]} 14236 | ( 5:09) 2,81 | 2,26 

1,0] 2.51 | 2,72 | 6.32] | 7.40| 17219 

13| 2,29 | 3,67 | 5,26 13,47 | 19,30 

Lael Oat [3.67 15.81 | 13247 | 21°39 

133} 2739 | 3267 | 5,70 | ¢ 578} 13°47 1 20;s2 | ¢ 6.18] 2.40 | 2,49 

13! 2°50 | 3.67 | 6.97 13,47 | 23201 

1,6} 2,70 | 4,95 | 7,30 24,50 | 36,13 | | | 

16 | 2°81 | 4795 | 7:88 | \ 7,841 24°50] 39201 | | 7,651 2,80 | 2.77 

16] 289 | 4795 | 8.34 94°50} 41.98 | | 

1,9! 3,07 | 6,68 | 9,41 ,| 44,62 | 62,84 

19] 3.20 | 668 {10,27 9,84) 44’ 69 | 68,60 9,64) 3,14 | 3,10 
Vroro | 59,80 9,08 | 258,94 On | | 








Ilo dopmysiam (6.1.2) 3ameHaem x u y uepes tu 2 (cTon6upI 3 
H 4). Ilo sTHM MaHHbIM paccuMTaeM SMMMpHMYeCKyiO JIMHMIO perpec- 
cHu z no ¢f; B cromOue 5 3anMcbiBaeM CpeqHie apudMeruyeckue 3Ha- 
YeHHA 2, COOTBETCTBYIOIUHe 3a2aHHbIM 3HayeHHsAM f. Tak, npu t,;=2,01 


Z1, = 2,92, z,, = 3,60, 23, = 4,16. CnenornaTebyo, Z; = 3,56. 
as [pu to = 2,72, 219 = 4,36, Zoo = 5,20, Zag = 5,28; 2,2 = 6,32, 
Z,==0,29 AT. A. 


PaccuntaeM flaslee TeopeTHYeCKy!O JINHHIO perpeccHH Zz no ft 


2, Uu +t. ut, 


rae OWe@HKH HE€H3BECTHHX il, V OMNpPeAe-1HlOTCH H3 YCAOBHA Han- 
MeHbILHX KBapaTOB 


¥(z—z,)?= min, (6. 1. 5) 
T. @. H3 CHCTCMbI HOPM@JIBHBIX ypaBHeHHit 


Yz=nu-+ v3, 


= = (6. 1. 6) 
Yzt=urit+ vit? 
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Ilo MawHbIM cTOl6noB 3, 4, 6 4-7 Ta60.°36 Lt = 59,80, Dt? == 
= 258,34, Uz = 98,0,8 Det = 411,45. Noacrap aaa 9TH CYMMBI B 


ypapueuna (6. 1. 6), pemaem HX OTHOCHTC BHO a, 9, mouyuaem 7 


u=1,31, v=1,29 a Z,=1,31 + 1,298. 


_Havocum smmupwyeckyio u Teoperuueckyio aan Perpeccun 2 
no ¢ Ha Nome Kopperauun (prc. 35). et 


7 





2 3 ba 5 6 ote ds. 


Puc. 35. [ouze koppeasuHH H sMNMpH4ecKkan a 3 
TeEOpeTH4eCKad AHHHH Perpecens z 10 f | 


BuaH30cTb O6eHX JIHHH Cy KUT nomrsepxKneHveM npasanpuocra 
NOJIOXKECHHOH B OCHOBY pacueTOB ae AelcrBud Panropor 
(6. 1.3), a ceqoBaTenbHO, u cxempl (6. I. 1 | 

BoccraHoBuM Telepb B MOJYYeHHbIX: cooTHOMeHHEX NpexHI010 
caeteey NepeMeHHbIX. PopMya SMNMpHyeCKON HHH aay arte 2 
110 | : 
peli 
i hy | 
(rae i—noOpsaAKOBbI HOMep 3HaY¥eHHa ¢ HJIH coorsercrsy willero 

3Ha4eHHA xX; A; — uactToTa) 


B npexkHeH CHCTeMe NepeMeHHEIX 3anHWeTcaA B BULe . — " 
| j = 
y/o . (6. 1. 7) 
| 
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rqe CYMMHPOBaHHe MOY 3HaKOM PaAHKala NPOH3BOAUTCH MO BCeM 


y?, COOTBETCTBYIOWMM ONPeeeHHIMY SHAYEHHIO X,; y;— 3Hade- 
Hue y, KBakpaT KOTOPOrO paBeH 2Z,. 


a 


B crowsye 9 TAOAMIE 39N0MCbIBACM 3HANCHHA Y;, pacC4HTaH- 
HHe 1d KaKLoro x, Wo dopmyve (6.1.7) wan, uTO TO Ke, MO 


opmyae y,=V z, 


Ypaspyenuve (6.1.4) TeopetuyeckoH muHuAM perpeccHH z no / 
B lipexkKHeH CHCTeMe NepeMeHHDIX 3amHUleTCA B BUTE 


y =V a+ we", (6. 1.8) 
roe x=Iné; 


~ 


y, — 3HayeHHe y, KBakpaT KOTOPOrO paBeH 2Z,; 
u, UV Halinenw u3 ycoBua (6, 1. 5). 


B HalleM mpHmMepe 
y,=V1,31 + 1,29e%. 


O6cyAuM MOsY4eHHble pesy/IbTAaTbI WH CHOCOO Hx MOJyTeHHA. 

3amena mepemenubix (6.1.2) mo3BolHa Ham mpuBecTH Oonee 
cnorxuyto cxemy (6.1.1) kK mpoctelimelii cxeme (6.1.3), 1A KOTOpON 
pacer ypaBHeHHA perpeccHM Mo OMbITHBIM AaHHbIM H MpoBepKa ero 
[IpaBHJIbHOCTH MpeACTaBAAIOT HAMMEHbIUIHE TPyAHOCTH. B camMoM Jlevle, 
npeo6pasoBaHve 3aBHCHMOM MepeMeHHOH z=y? TIpupelo K cCxeMe 
A—-M—H, gana KoTropo# pacueT mapaMeTpoB ypaBHeHHA perpeccHH 
CBONHTCH, KaK H3BCCTHO, K PelWIeCHHIO CHCTeEMbI HOPMAaJIbHbIX ypaBHe- 
Hui 2unetinozo Buna. B TO xe BpeMaA MpeoOpasoBaHHe apryMeHTa 
t = e*npuBelo K JIMHeHHOMy BHAy ypaBHeHHe perpeccHH, TO OCO- 
GeHHo yAo6uo pia pacueToB Hu rpadukos. B stom TexXHMNeCKaA CTO- 
poHa meaa, CymlecTsyeT, OHaKO, H MPHHWMMMabHad CTOPOHA, KOTO- 
pad 3aKouaeTcaA B CAeAYIOULeM. 

B ypaBHeHHn TeOpeTH¥eCKOH JIMHUH perpeccHH (6.1.4) Mbr 3a- 
Kpellinem Ha cpeqHem ypoBhe *akTopbl uM V, KOPPeJIAILMOHHO He 
3aBHcalline oT X. TO Ke, OUeBMAHO, u B ypaBHeHun (6. 1.8). Creno- 
BaTelbHO, ypaBHenue (6.1.8) oTseyaeT Ha OCHOBHOH BOMNpoc TeOpHH 
KOPPCIALWHH: «KaK H3MeHAIaCb Obl PYHKUMA Y C H3MCHCHMEM apry- 
MeHTa X, eCiH Obl Npowve ee APryMeHTbl, KOPPCALHOHHO He 3aBu- 
Cale OT X, SbWIM 3aKPelWIeHbI Ha CpeMHEM ypOBHe?». 


YpaspHeHHe perpeccHu y m0 x: y, —=|/a -+ be*, B KOTOPOM Na- 
pametpbl @.u 0 6bi1H Obl paccuvTaHb!l H3 yC/IOBAA 


E(y — y,)? = min, (6. 1. 9) 
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He aeT NpaBHbHOTO OTBeTa Ha NOcTaBeHHEI BEHWE BONpoc B 
YCJIOBHAX cxeMbI (6.1.1). 7 7 


~~ 


SameTuM, 4TO y, He ecTb cpeduan apudmeruueckaa v3 3Haue- 
HHH Y, COOTBETCTBYIOWad 3afqaHHomy x, STo cpelHAaa, onpenenne- 
Max dopmyon (6.1.7); oa HocuT Ha3BaHHe cpeOneit Keadparu- 
“€CKOU M SABAACTCH Pa3SHOBHAHOCTbIO MYHKYUOHAAGKEIX CPeRHHX, 


O KOTOPHIX peub OyzeT HATH HuKe. AHAOrHuHO y, ABIACTCH BbIpaB- 
HeHHOH cpeqHeH kKBafpaTuyeckoH. Tlostomy JIHHMH, mepenatoumne 


HW3MeHeHHe V; H V,C H3MeHeHHeM X, He ABJIMIOTCA OOBIMHbIMY JIMHHA- 
MH perpeccuHu Y MO X; MbI Ha30BeM HX IMNUPULeCKO u TeOopeTite- 
CKOU AUHUAMU (YHKYUOHAAbHOL peepeccuu y OX . 

SamMeTuM Takxke, 4YTO NOMO6HOe NPHHILMNMAbHOe 3HaIeHHe HMeeT 
JIMUIb Mpeo6pasopanve 3aBHCHMOH NepeMeHHOH z==y?, mpeobpa30Ba- 
HHe apryMeHta ¢=e* HMeeT UMCTO TeXHMYeCKOe 3HaYeHHe AIA yupo- 
UlCHHA TpauKoB H pacuerTos. 7 


O606u1uM BbIBOAbI H3 Halllero mpuMepa. 

Mbl BUAHM, UTO BIHMAHHE H3MCHYMBOCTH NOGOUHIX *aKTOpoB Ha 
34BHCHMYIO TIEPeMeHHY!0 Y B PAE CJlyyaeB MOET ObITh UCKIOUCHO 
Np NOMOWH YHKUHOHAbHOrO Mpeoc6pas0BaHHA 3aBHCHMOH Nepe- 
MeHHOM 


z=P(y) (6. 1. 10} 


H moculeqylouero pacueta JIMHHM perpeccuu 2 0 xX. 
O6ulaad cxeMa JelicTBuA PakTOpoB B TeX CyyaAX, roe NOOOHbIH 
MeTO] BefeT K WH, BhIPaKaeTca MopMyJion 


y= Olu + ve (x) + wo(x)+...f, (6. 1. 11) 

re u, UV, W,...— apryMeHTHI, KOPpevls LHOHHO. He 3aBHCAULHe 
OT x; 

@-!— o6o3nayenHe (byHKMMOHAbHOA 3aBHcHMOCTH, 

o6patHo @. | 


Cxemy (6.1.11) 6ynzem HasbIBaTb cxremoti PD—A—M—H, © — ee 
onpedennroweti mynkuyuett. : 
IIpeo6pasopauue (6.1.10) npupogzutT ypasHenne (6.1.11) Kk Buay 


Z=u-+ve(x)+ wh(x)+..., (6. 1. 12) 


NTO cooTBeTcTByeT cxeme A—M—H. CuegopatebHo, ypaBHeHue 
MNpeAeIbHOH TeopeTHyeCKOK JIMHHH perpeccHH Z MO Xx AOJDKHO HMeTb 
BUA 


Z, =u +- Vp (x) + WH(x)+... (6. 1. 13) 
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B oTMe/bHbIX CYYaAX BO3MOXKHO JaJIbHeHWee yNpouleHve ypaB- 
HeHHa (6.1.11) mytem dyHkKUHOHabHOoro MpeoOpa3s0BaHHA apry- 
MeHTa x. Tak, ypaBHeHue , 


z=u-+t v(x) (6. 1. 14) 
Ipeo6pa30BpanHem ¢= (x) NpHBORUTCA K JIHHeHOMy 
z=u-lvt, 


OjHako mpecOpa3soBaHHe apryMeHTa, Kak ObIIO MOKa3aHO Ha 
HipHMepe, NPHHUMMHaJIbHOrO 3Ha4eHHA He HMeeT, TAK KaK OHO He H3- 
MeCHACT OKOHYATEJbHLIX. Pe3YJbTATOB. 

Alia MpoBepKH NpaBubHOcTH ypaBueHua (6.1.13) Hu omeHKu ma- 
PaMeTPOB UU, V, W,... NO OMbITHDIM JaHHbIM PaCCUHTbIBaIOTCA 3MMH- 
puueckad WM TeopeTHuecKad JIMHHH perpeccHH z no x (miu zZ2 no f). 
4 OpAHHaTbI IMNUPHYeCKOH JIMHHH perpeccHu paccyHTHIBAalOTCA M0 

opmyvre 





eae (5. 1. 15) 


rue CYMMHposanue L, NPOH3BOAHTCA AA 3HAYeHHH Z, COOTBETCT- 
BYIOWWHX QAHHOMY 3HaUcHHIO X; 4, — uacToTa NocwieqHero. OnenKa 


NapaMeTPOB ll, VU, W,,.. MACTCA H3 YC/VIOBHA HAHMCHbIUIHX KBapa- 
TOB 


¥ (z—z,)? = min, (6. 1. 16) 


T. €. H3 CHCTCMbI HOPMAJIbHbIX ypaBHeHHhH: 


Lz = nu vbe(x)4- wb (x) +... 
Leg (x) = ube (x) + vB [9 (x)? + whe (x) b(x)-+... (6. 1.17) 
| Lzy (x) = udp (x) + vEe (x) p(x) + WE [dh (x)P-+... 


eS SS, Sc Sc Sc Sc Si Si Sc i Si i Si i Sy 


TipH yMOBMeTBOPHTeIbHOM COOTBETCTBHH 3MMHpHyecKOH Hu Teope- 
THYeCCKOH JIMHHH perpeccuu cuHTaem cxemy (6.1.12), a culeqoBa- 
TeJIbHO, H cxemy (6.1.11) onpaBazaHHbiMn. 

Copepulaa mpeo6pa3s0BaHua 


~ 


y= P-(z,) 


~ 


yn = po! iz), 
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o6paTHbie mpeo6pa3zopanuio (6.1.10), mpl mpHxogum K dopmyae 
SMNMPHYeCKOH HHH byHKUMOHANBHOl perpeccHH y NOx =~ - 


y= O71 ieee | (6. 1. 18) 


h; 


H ypaBHeHHio TeOpeTuyeCKOH JIMHHA YHKWMOHAIBHOM perpeccuu Y 
NO x 


ye= OZ G9(x) + Bex) +..J. (6.1.19) 


 Ypapuenne (6.1.19) oTBeuaeT Ha BOMpOC: Kak H3MeHAJacb. Obl 
(yHKUA Y C H3MeHeHHeM apryMeHTa X, ecm Obl Mpouve ee apry- 
MeHTBI, JelicTByloulNe no cxeme ®—A—M—H, Obinn 3akpemsenbi 
Ha CpeHeM ypOBHe. | oe 


§ 2. ODYHKUWHOHAJIDHBIE CPEXHHE 


Qopmyaa (6. 1. 18). npeniectBytomero naparpada BbIpaxKaeT MpH 
MepeMeHHOM X SMMMPHYecKy!O AHHMIO (YHKUMOHAIbHOM perpeccHu y 
MO X, pH MOCTOAHHOM x — (PYHKIMOHAaJbHY!O CpeMHIOIO 3Ha4eHHH Y, 
COOTBETCTBYIOUIMX 3a4aHHOMY 3HaueHHiO x. B 3aBHCHMOCTH OT BHAA 
onpenesmiouleh. pyHkunn © NoMyyaoTcA Te HIM MHbIe PasHOBHA- 
HOCTH (YHKUHOHAJIBHBIX CpeqHHx. PaccMOTpHM HekoTOpble HaHOo- 
glee HHTepecHble culyyan. | 

B sToM maparpade opmysy dyHKuHoHabHoh cpemHel Oysem 
NHCaTb, ONyCKad HHAeKC, B BHe | 


y= oo |. (6. 2. 1) 


PacueTbl pa3IH4HbIX CpeqHHxX OyeM NMPOW3BOAHTb Ha OAHOM HU 
TOM K€ YHCAOBOM MpHMepe. 


Ta6auua 37 


Ta6auua sHayeHHA y, H3 KOTOPbIX 
-—-s BBINHCJIASTCA MYHKUHOHANbHAN CpeAHAA 


4 4 


= 








s| 2 











1 





1. Tlycth cxema felicrBua cbakTOpoB HMeeT BULL 
y =ut+09(x) + w(x), (6, 2. 2) 


rne 2, V, W— KOPPeALMOHHO He 3aBHCAT OT X. 
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To — cxema A—~M—H, an Koropof mpu Bpuncnenun muHuH pe- 
rpeccHh PyHKUMOHAIbHOrO Mpeo6pasoBaHHA 3aBHCHMOM NepemeHHOh 
He Tpe6yeTca 


P(y)=y. 


CreopatebHo, B dopmyute (6, 2. 1) 


paca Ee omni caer VA 
y= : 
h 
Mb! mpi K dopmyne cpeqHelt apudMmeruueckoli: y=y, KoTO- 
pad TakKe ABIACTCA Pa3HOBHAZHOCTbIO (PYHKUMOHAIbHOM cpenHelt. 
Ilo yaHHbIMm tTa6n. 37 


5+2+ 1-+4+4 = 3,2, 


de 5 


2. Cxema elicTBua cakTOpoB uMeerT BHA 
1 





ee rr 6. 2.3 
ut ug (x) -+ wy (x) \ 
u, U, W KOPPe/IAUHOHHO HE 3aBHCAT OT X. 
Onpeneasioulad (yHKUHA CXeMBI O(iyjyao, CC20BaTe JIbHO, 
y 
no dopmyuie (6. 2. 1) 
= h 
Yn Ye eee Ya 
HAH MO 4HCIOBLBIM JaHHHM TaOJIHILB 
= 9) 
y — = Zoli 


] ] l ] I 

oe an a oe 
Dopmy.ta (6.2.4) HocuT Ha3BaHue opmysE cpedneti eapmonu- 

4eCKOll. | 
3. Hycta y= qeter()+wr(), 4, v, W KOPPeAIHOHHO HE 3a- 


BHCAT OT x. 
Snecbh D(y)=—Igy, crenosaTeabHo, 
A Ig Vitlg Yat... +18 yp 
ya us 


HJ 
oa h 


YV=V IV 20 Ine (6. 2.5) 
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Ilo ra6anue 
x oF 
y=V 5-2-1-4-4 = 2,76, 


@opmyaa (6.2.5) HasniBaetca dbopmynoh cpednett z2eomerpu- 
4eCcKOU. 
4, Cxema 


y=a[¢ (x)? [w]}? (6. 2. 6) 
MIpHBOAHTCA K NpenbizAywjeh myTem nmpeo6pa30BaHnA 


t= qigut+v igo (rv) tig wy (x) 


eciH Igu, v, Ig w KOPpeAANMOHHO He 3aBHCAT OT X. 
Ilostomy 3fecb Takxe P(y) =lgy, 


ae h 
Y=V V1 Yar+Vq = 2,76. 
5. [lyctp 


Rk 
y=V 4+ v2 (x) + wh (x), (6. 2. 7) 


u, UV, W KOPPeAUHOHHO HE B4BACAT OT X; 
Rk — NOCTOAHHOE. 


Onpexeamioulaa yHkuuA cxemMn P(y)=y*. CaenosateabH0, 


e k 


me Pa Se ee oe 
jay BE (6. 2. 8) 


h 


3To — opmy.ia crenenHod cpedned nopanKka k. B uactuoctn, 
mpH k=1 nosyyaem cpeoutoro apudmetureckyr, 

mpH kR=2-—-cpednroro Keadparuueckyto, 

npu k=3 — cpeduioro Ky6uueckyto UT. OL. 

Jina Halllero npHMepa KyO6nyeckan CpeqHAA 


: | 
~ StB+e+ e+ 4 
y = Acai same == 3,74. 


@MyHKUMOHAJIbHbIe CpeHHe Pa3JIHYHbIX BHAOB, BbLIMHCJICHHbIe m0 
OHM MH TEM 2K@ YHCOBLIM JaHHbIM, pa3HualoTcA MexKAy cobol no 
BelnuHHe. Beruguna pacxowKeHHA M@KAY HAMM 3aBHCHT OT xapak- 
Tepa UHCJIOBbIX MAHHbIX, ONHAKO NOPACOK BO3PACTAHUA, B KOTOPOM 
pacnoslaraloTca pa3JIM4Hble (YHKUHOHAJIbHbIe CpesHHe, PACCUHTAHHble 
MO OHHM MW TeM Ke JaHHbIM, BO MHOFHX CUyYaAX NE 3ABUCUT OT ITUX 
4UCAOBbLX OAHHbIX, a ONpederneTca Budom MynkKyuu WM. DTo cBoki- 
CTBO HOCHT Ha3BaHHe CPaBHHMOCTH, HIM M@KOPaHTHOCTH CpeHEX. 
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Caeqyloulwi MpH3shak, ycTraHoBsienublt A. SI. Bosapcxum B pa6orte, 
M CBAULEHHOH OOOCHOBaHHMIO TeEOPHH CpeHHX BeJIMYHH !, naer MocTa- 
TOUHbIe YCOBHA CPaBHHMOCTH MyHKIMOHAJIbHbIX CPeTHHX.. 


[IpusHak MaxkKopantHoctu cpeqHux 


Ilyctb P(y) u Pi (y) — aBe PyHKuuN NOMOMKUNTeMbHOM MepeMeH- 
HOH Y, MOHOTOHHO BOS3pacTalolive H ABaKIbI Aupdepenuupyemple 
B HEKOTOPOM HHTepBaJie 3HaveHHH Y, U MYCTb B KaKAOK TOUKe STOTO 
HHTepBa.la 

&’ (yy) Pi) 
P'(y) Diy) 








(6. 2. 9) 


Torga B S3TOM HHTepBaJie 3HaveHHH Yy 


Vo) > VWo,), 


rqe HHGeKcH (®) u (@,) ykKa3blBaloT Ha BUA PyHKUMOHAaAAbHOR 
cpeauen. 








Paccuntaem otHomenne 2-©) g§ mpumepax, mpupenenHex 
@’ (y) p ‘ p ) p 7 
BbIIHe. 
1. Jaa cpennef apudmetuyeckoh P(y)=y PD’ (y)=—1, 
B"(y)=0, 
Pf (y) 0 6. 2. 10 
Q’ (y) - ( ‘ . ) 


a 
2. laa cpeqHeH rapMOHHY¥eCcKOH oy! 
y 


/ l fy 2 
P ODS DO" (y) = —, 


y3 
fel.) ER ee (6. 2. 11) 
D’ (y) y 


3. Jian cpeaquel reometpnueckoH P(y)=—lgy, 





ee paste, (6. 2. 12) 
P'(y) y 


4, laa cTeneHHoH cpennyeh P(y)— y* 











(9) 2 I (6. 2. 13) 
2’ (y) y 
B uwacTHOCTH, JIA cpeaqHeh KBaapaTuyecKon 
a (6. 2. 14) 
O’(y)  y 
1A. A. Borapcekuit, Cpenuaa, «BecTHHK cTaTHCTHKH» Ne 2, 1929. 
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Aan cpeqneh Kky6nyeckorR 


ON (y) 2 
D' (y) y 


CyleNOBaTeJIbHO, Mp MOJIOMKUTebHbIX SHAYCHHAX Y MBI JOJDKHBI 
HMeTb CJICRYIOMLMH MOPAZOK MaKOPAaHTHOCTH CpeAHHX: CpeMHAA rap- 
MOHHY¥ecKan < cpetHen reomeTpHueckor < cpeqHel apudMertiueckon < 

<< cpemHel KBanpaTHueckoHh < cpemHelH KyOM¥eCKOH, YTO NOAT- 
Bep.K1aeTCA pacueTOM Ha HallleM NMpHMepe. 

M3 dopmya (6. 2. 12) u (6.2.13) BugHO, 4YTO BeHUHHAa KpHTepHA 
MaKOpaHTHOCTH ar WIA cpenHeh reoMeTpHueckon CoBlalaer 
C BeHYHHOM STOrO KPHTepHA Ain CTeleHHOH CpemHeH, eCIM MOoKa3a- 
T@JIb CTeneHH & MOJOXRKUTb PaBHEIM HyJi0o. CiueqoBaTeJIbHO, C TOUKN 
3PpeHHA MA@KOPaHTHOCTH, CpeqHAA TeEOMeTPHYeCKaA HTpaeT POJb CTe- 
MeHHOH .cpemHel c MoKka3aTeiem k=O. ITo OObACHHeTCA TeM, 4TO 
CpeqHAd TeOMeTpHYeCcKad CyKHT MpezeioM BbIPawKeHHA CTeMeHHOH 
cpenHel npn Rk 0. 


(6. 2. 15) 


I] pHBO UM NOKa3aTeAbCTBO 9YTOFO TIPeWIORKeCHHA. 
k 


hoy yk i ( k 
” xtpexbt. eta In(apt gt... + xq) — inh 
h R 
pu &=0 nocnennee BhipakeHve MpeAcTaBAnet HeEOMpeAeACHHOCTh BU Ma 


0 
a Packphipan sTy HeompexeaseHHOCcTh no upaBHuay JlonutTana, NoAyYHM 


k 


7 tte. pay xP in.x, + hin cg +... xf In xy 
lim In ss o= li ——  ?,”§6?P 8 
& +0 


== 111 
k k R 


In x, 4- In x. .. fing eer oS 
pe i Eat ae eg 


h 
CneOBaTeNbHO, 
Ree cs a tt 
k h k h 
Xp +X +e +X, ee 
lim ON mn i oa 
k-+0 h 


YTO H Tpe6OBaNOCh AOKA3ZAaTb. 


@yHKIMOHAJIDHbIe CpeAHHe HMEIOT MPOCTyi0 H B3BeLeHHYIO PopMy. 
[Ipoctaa pyHKUHOHaJIbHan CpeqHAA OnpedesAeTCA dbopmyson (6. 2. 1). 
Ecau 2Ke KaokKgoe 3HaueHHe y BCTpeyaeTCA C BeCOM /M, TO pacdeTbl 
IIPOH3BOAATCA MO opMyvsie BSBeWWeHHOH cpequeH 


y= O-! =") _ (6. 2. 16) 
mn 
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B uactuocru, dopmyua B3BemeHHoL cCpeqHew rapMonHMyecko 


tial 


im 
= (6. 2. 17) 


B3BeIU€HHOH CpeqHel reomeTpuueckoll 


um 


yo V ily , (6. 2. 18) 
I] — 3HaK mpou3Beyenna;: 


B3BeWICHHOH CTenmeHHOH cpesHelt 


R 
yay / rae (6. 2. 19) 
: | 


BoeruHculuM B3BCHICHHble CpetHHe Mo J@HHbIM CAENyIOulero TMpH- 








Mepa. 
_ Tabauya 38 
Bapnauth y Beca m 
I 5 
2 10 
3 25 
4 15 
2. 5 5 
MTOPr04 «4% x | 60 
Cpeuad rapMonnueckan: 
ane 60 
y= 5 1035 18 5 ioe = 2,60. 
] 2 3 4 . 9 


CpeqHaA reomerpwueckaa: 


a 60 
y = V 15.210. 3%. 415.55 — 2.87, 





Cpequaa kBagqpatuyeckaa: 


ae 15-5 + 22-10 + 82-25 + 42-16 + 52-5 
y =/f/ ee ee == 3,20, 
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Cpequan KyOnueckaa: 


3 
va y= + 23.10 + 2 + 4.15 + 535 = 3.39, 


JA B3BeWeHHBIX (PYHKIHOHAJIbHBIX CpeMHUX COXPaHAeTCA MaxKo- 
PAHTHOCTb MpOCTHIX PYHKUHOHAJbHbIX CpeAHHX. 


IIpod. B. C. Actpemckw noka3zaa', uTo Mexy cTemeHHoH 


cpenHeh y, H reoMeTpHyeckoh cpemHeh yo) CyUleCTBYeT COOTHO- 
ImeHve 


Ye=Me 7, (6. 2. 20) 


Pd 
0 [5 


te ere 
raze L = Oy: 
Cootnomenne (6. 2. 20) cnpapea1HB0 MPH HaHUHA HOPMabHOrO 
pacnpeszenenua? nan Iny uw mpH61MKeHHO CnpaBeAHBO, ecH pac- 
mpegemenue Iny 61H3KO K HOPMa.IbHOMY. 
B cayuae, Korga KOadp@uunexT BapHallHH 


ee 2 
ts 


Jy 


HeBeIHK (HallpHMep, MeHbule 10%), To BMecTo paBeHcTBa (6. 2. 20) 
B. C. AcrpemcxuhH mpemviaraeT Nob30BaTbca Ooslee MpOCTHIM MpH- 
6/1W2KCHHbIM  PaBeHCTBOM 


ee An RV? 
amy (14+-92). 


Mopmyvinr (6.2.20) nu (6.2.21) MoxkHO HCNOMb30BaTb AIA OLCHKH 
CTEMCHHbIX CD@THHX C JNOGbIM MOKa3saTeeM Rk, eCJIH H3BECTHO 3Ha- 
ueHHe CTelneHHOM CpeqHeli Mp KaKOM-M60 OHOM 3HayeHHH &. 


(6. 2. 21) 


3, JIHHHH ®YHKUMOHAJIbHOM PEFPECCHH. 
®YHKULHOHAJIbDHAA KOPPEALMA 


PaccmotpuM cioco6 pacueta JIMHHA (yHKUMOHAaJIbHOM perpeccHH 
B TeX ClyuaAx, Korga OO6wlaA cxeMa eHcTBHA PakTOpOB HaM 3apaHee 
HeH3BeCTHA H BONpoc oO Lesecoo6pa3HocTH mpeoOpasoBaHua Mepe- 
MCHHBIX pelaeTCA JIMIb B Mpowecce cTaTHcTHYecKOH oO6padoTKH 
OMBITHbIX JAHHBIX. 


1B. C. Actpemckui, Matematuyeckan cratucruka, TocctatTu3yar, 
}956, ctp. 114—117. 
2 ©O HOPMaJbHOM 3aKOHe pacnpezeneHua cm. raaBy XII, § 2. 
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CpocoOpa3svad TPyAHOCTb, KOTOpaA 37ecb BO3HHKaeT, 3€aKJII0- 
TaeTCd B TOM, YTO MIpH HaXOKMCHHH TeOpeTHyecKO WMHHU tbyHKIMO- 
HaJIbHOH PerpeccHi Mbl HE MOKeM ONMpaTECA Ha rpapuk 9MIMHpH- 
YeCKOH JIMHHH (YHKUMOHAJIbHON perpeccuHu, u60 jWIA pacyeta nocen- 
Hero HeOOXOAUMO 3HaTb (YHKUHOHAaJIbHOe npeoOpa3o0panue 3aBHCcHMolt 
NepeMenHon. BEIXO U3 3aTPyYAHeHHA COCTOHT B MIpHMeHeHHH Cnocoba 
OPUCHTUPOBOLHOLY AUHU peepeccuu. T]oKaxKeM ero Ha KOHKPeTHOM 
IpHMepe. 7 


TpyQ0OeMKOCTb H3rOTOBeHHA TOpAYHX WITAaMMoB 3aBUCHT oT pa3- 
MepoB UlTaMla H ero reOMeTpHyecKkoH dopmpl. Crenenb cOKHOCTH 
reOMETPHYeCKON MOPMbI WTaMMa MOXKHO ONpezeuTh KOMNUeCTBOM 
morepxHocteH. Ha6mioqaetca, OfHaKO, HeKOTOpad 3aBHCHMOCTD 
MCKAY Pa3sMepaMH WTaMNa HW YHCIOM ero NoBepxHoctelt: Gombe 
lUTAMIIbI, KaK MpaBiJlO, HMeIOT OoMbUlee YHCO NOBepxHoctTell; B CHAY 
9TOrO NOKa3aTelb aOcOsOTHOTO YMCA MOBepxHocTell OTpaxKaeT He 
TOJIBKO CJIOMKHOCTb TeOMeTpHYecKOH GopMbl, HO OTUACTH TakxKe H 
pa3MepbI witamma. 

Jia MOwlyueHHA MoKa3zatesa cAO*KNOCTH POpMEI, He 3aBHCAULero 
OT Pa3MEPOB IITaMMa, KaXKeTCA €CTeCTBCHHBIM OpaTb OTHOIWeHHe 
“YHCJIa MOBeEPpXHOCTeH K OObeMy (Becy) UWITamna, T. e. OTHOCHTebHOe 
MHCJIO TMOBEPXHOCTeH, MpHXOMAIMeecH Ha euHHUy O6bemMa (Beca). 
OgHako NocieqHHH MOKaszaTeb HeyROBeETBOpHTeTeH B cuy Toro, 
"TO HCO MOBepxXHOCcTeH YBeHUMBaeTCA He MpOMOpUNOHabHO 
oObemy (Becy) WTaMma, a B 3HaYMTeIbHO MeHbIlelt crenenu — 60- 
Jee 3aMeAJICHHO. 


ToOb! NpaBYJIbHO MOCTPOHTb MOKasaTeMb COKHOCTH TeoMeTDH- 
YeCKOH (OPMbI, He 3aBHCAWLMH OT pa3MepoB LITaMIla, HeoOXO,HuMO 
yCTaHOBUTb XapaKkTep 3ABHCHMOCTH M@2KXy YHCIOM MoBepxHoctTelt 
H OObeMOM(. BecoM) wTamma. Paccuutaem 9Ty 3aBHCHMOCTb Ha Ma- 
TepHase 100 ropaunx witamnos, O6pa6oTaHHbIxX Ha KOMHPOBAaJIbHbIX 
CTaHKax C PYTHON NOMayeli, Mo WAHHbIM, IIpeMOcTaBJIeHHbIM aBTopy 
npod. [. B. Jlypbe (cm. npuoxenne I, ta6u. 2). 

IIpH HaxooxKJeHHH 3aBHCHMOCTH HH OJMH H3 23JIeEMeHTOB CXeMbI 
®P—A—M—H (onpegensiomaa dyukunn ©, cbynxunn (x), 
 (x)...) He mpeanouaraetca H3BeCTHBIM. 

Tlopamzok ompemeneHuA 3aBHCuMOCTH. 


1. Ilo qaHHbim cTrom6uosn 2 u 4 Ta6n. 2 npunoxenua I coctap- 
IA€M NOe KOPPeALMH, KOPpeIAMHOHHY Ta6sMNLy H IMNUpHYecKyto 
JIMHHIO perpeccHn 4MCJIa MOBepxHOcTeh No Becy WITamMa (cM. Ta61. 39 
H pyc. 36). 

JIMHMA perpeccHH paccuHTaHa MpH HepaBHbIX MHTepBasax apry- 
MeHTa BBHZY pe3KOH aCHMMeTPHH rpaduka pacnpesemeHHA MO STOMV 
apryMeHTy. OMMMpHyecKad JIMHNA perpeccHH NO BHeLIHeMy BUHAY Ha- 
nNOMHHaeT rpaduk MpocTroH cTremeHHOH 3aBHCHMOCTH C ApO6HbIM m0- 
Ka3aTeeM cTeneHH (puc. 37) 


Yr = ax’. (6. 3. 1) 
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OpveHtupyAch Ha 3Ty opMyJly, BbINBuraeM mpennomomeHue 
O TOM, 4TO B OCHOBE 34BHCHMOCTH JI@KHT CeAyIOulad Ccxema JelcTBuA 


akTopoB 


(6. 3. 2) 


uUx®, 


y 
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KOTOpand ABIAeTCA Cxemoh P—A—M-—H 


y= lO +eles (6.3. 3) 
Cc onpegzeaniomeH PyHKuneli 
P(y)=Igy, 
eC MpeANOMOKUTb, 4TO IGu HM VY KOPPeAAWMOHHO HE 3aBHCAT 
OT X. 
N 


225,5 ae a Sa re 
st} +4 sai 


165,5 
Soci 
E1455 a 
2s 
= 
51255 ee 4 
Rick Saez 
= ae 
S Ss 55> > 
> 855 nn —_ 
oostee 
Bro 


nO 
Hk 
ane 
| 
| 
ae 8 
lhe 
ci 
} 
» 


te Ws sy iy wy 

£€ 8&8 gs 8 3 ey 3 c 

Ven <a c> C3 C> o & SS S 

Yo & S§ G&S = S S S 

coy os ays ey —- SF Lr) N ut 
Bec 6 re 


Puc. 36. SaBucHMOCTb MeXKAY IHCIOM NOBepxHOcTeH H BeCOM UITaMma. 
OmMnupuyeckad H TeOpeTH4eckad AMHHA PerpeccHH 


2. SamMeHAem MmepeMeHHble 
z=lgy, 
t=Ig x. 
H mpesctaBasem cxemy (6.3.3) B BHze 
=lgun-+ ut. (6. 3. 4) 
CueqOBaTesIbHO, pewesbHad TeopeTHyecKaA JIMHHA perpeccHu Zz 
no ¢ OvIKHa HMeTb BH 


—— 7 z,=a-} Ot, (6. 3. 5) 
ryea=lgu; b=v. 
PaccynTaem TeOpeTH¥ecKy!O JIHHMIO perpeccHH 2 no ¢, WA Yero 
onpezemsem mapamerpbl a uv 6 B ypaBHeHuu (6.3.5) 43 ycrOBHA 
L(z—z,)° = min 
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H MPOH3BOQHM pacueT SMNMPHYeCKOH JIMHHH perpeccun z no f¢. 
JIA BEIYHCIeHHH HCHOIb3yeM JaHHble KoppesAWMOHHON Tabu. 40, 


KOTOPad COCTaBJeHa JIA MOTapHMOB 4HCel xX UW Y,. 3AMMCAHHBIX 
B cTom6uax 3, 5 Ta6nHub 2 mpHaoweHua I. 


y 
20 
45 
40 
Qi 
0 
Qs 40 15 2,0 x 


Puc. 37. Tpapukun crenenxot pyHkuun 


Ypapyenve perpeccHH B YMPOWeHHOM maculTa6e 
Zi = q’ + b’t’. 


Pacuet mapaMeTpoB 
Ez’ = na’ +. b’Dt! 
Sz't’ = a’! + ode" 


:100 


HI 
(1) 17 = 100a’ -+ (—7)y 0’ | 
7 


(2) 98 = ~ 7a’ +299" 
(1) 0,17 = a’ — 0,070’ 
(2)’ 13,29 =— a’ + 42,710’ 
(1)’-+-(2)’ 13,46 = 42,640’ 





hi a: Ot 26 316. 
42,64 
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Ta6auya 40 _ 
Z| 3 a Bios 
a Gee 
J 
ole] ay 
a ; olo/s 2 
5 |2,305—2,405| _| Pf itt | rl fe] 10 
4 b.205-2,a06 | | [el | | | | tel s 
3 2.105—2,205| |_| | | 1 ‘| ial 1" 1" 7 | 4 
2 t2.005—2,105 | toda 2 ‘| sisilel lis} a 
1 |1,905—2,008 See seas wee ee | 
0 [1,805—1. 9051 1 | fa lila talste| las | 0 
1 |1,705—1,808| La ae eal, 2 212 meer 13 
2 |1,605—1,7 | lai | 2 | ritlalia i as! —28 
25 |,,s05—1,608] | 17 Loa a4 T2171 | 10 | —30 
| |, 4051 05 | | | | | | | | | 0 | 0 
—5 1 305—1 405| | Parl | | | men ae 
1|]uroro rAl1| 4 | 4 | 10] 19 [17/3/10] 5 [100] a7 | 
2| at’ — [Ls] —16 | —12 |-20| -19 | 0 | 30 | 20 | 15 |—7| = de 
3] vt’? — [a5] 64 | 36 | 40] 19 | 0 | 30/40 45 | 2901 = Se 
Slai me’ lo | —7 | —5 | o | ~8 | 8 las} 7/5 | a7 | =-s2" 
S|5|  ¢Symz' Tol lis {o] 6 |oltsti4|is|o3 |=ier 
al6} 2 | 0 |—1,75|-1,25| 0 |—0.32/0,47l0,5010,701 1 | —~| — 
g 7) 4 i —| 1,68 | 1,70 [1.86] 1,82 |1,90/1,90!1,92/1,96] — | — 
8| | —| 1,75 | 1,78 |1,81] 1,84 |1,87/1.901.94/1,97] — | — 
oly t—1}47.9 | 50,1 |72,4| 66,1 |79.4/80,3183,2/01,91 — | 
t0 Ve 1 eee goa lee A 69,2 |74, 179, 4ls7,1/93, 3 _| 
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oTKyza 
a’ = 0,192. 
Ilo dopmy.tam (5. 2. 4) 


a= 1,855 + 0,1-0,192 — 0,316 -2% 0,145 = 1,859, 


_ log Nn 


(2) 
- 2,605 





Puc. 38. 3aBHcHMOCTb MexXAy YHCAOM NOBeEpxHOCcTeH H BecoM 
uTamna. TeopeTw¥eckad H SMMHPHuecKad AHHH OGO6meHHOR 
perpeccuu 


0,1 
b= e —— == 
0,316 a 0,105, 


Cie noBpatebuo, 
Z,.= 1,859 + 0,105¢. (6. 3. 5’) 


Teopetuyeckad H SMNMpHuecKan aMHHU perpeccuu 2 no ¢ oKa- 
3aJIHCb OJIM3KMMH Apyr K Apyry, 4To no_TBepxKAaer MpaBHJIbHOCTb 


ee ae HaMH MPCANOJIOKeEHHA O CXeMe eHCTBHA dakTOpoB 


3. BoccraHaBIuBad nepBoHnataibunle nepeMeHHble B dopmMy.ax, 
BbIPAKaloulux TEOPeTHYECKYIO H SMNMPHYeCKYIO JIMHHM perpeccun z 


Ve 
9 131 
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no ¢t, NOmyuaem TeOopeTHYeCKy!lo M SMMHPHYeCKy!IO JIHHHH (PYHKILHO- 
HaJIbHOH perpeccHu y no x. YpaBHeHve TeOpeTHyeCKOH JIMHHH MyHK- 


WHOHAaJIbHOH perpeccHH MovyyaeTCA MOTeHUMpOBaHHeM ypaBHeHHA 
(6. 3. 5’) 


Vp = 72,28 - 01108, (6. 3. 6) 


a 


SHaueHHA y, H Y,, MOMy4eHHLIe MOTCHIMpOBaHHeM 3HaueHHE 
Zz; M 2, 3anvicaHbl B cTpoKax 9 u 10 Ta6u. 40. 


Teoperuueckast H 9MMMpHyeCcKaNd JIMHHH (PYHKUHOHaJIbHOH perpec- 
CHH AaHbl Ha puc. 36, rae WIA CpaBHeHHA HaHeceHa MH OObINHAA 9MIMH- 
puyeckad JIMHHMA perpeccHH. 

Mobil BuyuM, 4YTO xapakTep NocsIeqHel JIMHHU aHasiOrH4eH xapak- 
Tepy JIMHHH MYHKUHOHAIbHOK perpeccHH, HO OHa HMeeT CuUCTeMATU- 
“eCKOeE CMCUJENUE .B TMOJIOMKNTeEIbHOM HallpaByeHuun ocu y. Ilo sToK 
npHunhe rpaduk oOblyHOK perpeccHH faeT HAM JIHLIb NOMe3sHy!O 
OPHeHTHpoOBKy TIP oMmpeqeleHHH Tuma ypaBHeHHA (dyHKWMOHaJIbHOu 
perpeccun [hopmyad (6.3. 1)], Ho He MpHrogeH, OAHAaKO, B CHy CH- 
CTEMATHYeCKOTO CMeLICHHA JIA OWeCHKH NapaMeTpOB ypaBHeHHA. Cu- 
cTeMaTHYeCKOe CMellieHHe OObINHOH JIMHHM PerpeccHu Mo CpaBHeHHtO 
C JIMHHAMH (YHKUMOHAIbHOK perpeccHu OODACHAeTCA TeM, 4TO Tep- 
Bad OCepeHAeT HHAMBUyaJIbHble 3HaUeHHA Y NO dopMywle cpeqHek 
apHdMeTHYeCKOH, B TO BPeMA Kak JIMHHA (PYHKWHOHAIbHON perpec- 
CHH OCepeAHAeT STH 3HAYeEHHA MO PoOpMywIe PYHKUHOHAbHON Cper- 
Heli, B JaHHOM MpumMepe no dopmyvie cpeqHeH TreoOMeTpHYeCKOH. 
B cuJly 2Ke CBOHCTBA MAaKOPAHTHOCTH CpeMHAA TeOMeTPHYecKaA OUI- 
*KHa ObITb MeHbIWe CpeqHeH apHd@MeTHYeCKOH. 

Bosspamaachb K dopmyvie (6.3.6), MbI BHAMM, 4YTO U4HCO NO- 
BepxHocTeH pacTeT B CpeHeEM MpOMOpunHOHaTbHO OObeMy wWITaMmna, 
BO3BEXCHHOMY B CTemeHb 0,105. OTciona WJIx MOKa3saTeJIA CIOMKHOCTH 
reOMeTpHYeCKOH COpMbl, He 3aBHCALero OT pa3smMepoB (oObemMa) 
UiTamMna, MoxKeT ObITb MpesowKena cenzyloulad Popmyvia 


| ees (6.3 7) 


? 
0105 





re Y — YHCAO NMOBEPXHOCTeH; 
X— Bec WTaMila B Kz. 


Gamaua peulena. 
PyHKUHOHAIbHaA KOpperAAUNs 


B cBa3H ¢ paccMoTpeHvem JimHuh CyHKUMOHaIbHOH perpeccuH 
HeEOOXOLHMO OOOOWIMTh HW NOHATHE KOPPeJIAUMOHHOH 3aBHCHMOCTH. 

Onpenmeneuue. Mepemenuaa y waxogutca B PYHKUMOHANb- 
HOH KOppenuHH Bua P OT X, eCAH: 

1) Kaxkmomy 3HaueHHio apryMeHTa X COOTBETCTBYeT pA pacnpe- 
eeHHa PYHKUMH Y, 
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2) MpeweibHad TeopeTuyecKad HHUA (byHKUHOHabHON perpec- 
CHM Y NO X C Onpexelmtouleh PyHKuneHh ® He NapamnenbHa ocn x. 

EcJu 2ke npefeyibHad TeopeTHueckad JIMHUA cbyHKUMOHAMbHON pe- 
rpeccHu y mo x (c onpenesiouleh dyHkunel ®) napannenbHa ocu 
aOcllcc, TO Y He 3aBHCHT OT X B CMBICIe Koppenauun (Bua ®). Tax, 
HallpHMep, Y HaxORHTCA B JlorapHMuyeCKOH, KBalpaTHyeckoH, rap- 
MOHHYECKOH H T. J. KOPPeJIAMHH OT X, ECM MpeAeIbHbIe TeoperTuye- ? 
CKHe JIMHHM MYHKUMOHAIbHOH perpeccuu, paccuHTaHHBle nO cpeaHUM 
reOMETPHUECKHM, CpeQHHM KBaypaTuyecKkuM, CpexqHHM rapMOHHYeCKHM 


H T. Jl. 3HAYeCHHAM Y,, He MapaJIeIbHbI OCH X. 

Jia TlepeMeHHOH Y MOMKET OTCYTCTBOBATb KOPPeJIAIMOHHAA 3aBH- 
CHMOCTb OT X BHAa P UW B TO Ke BPeMA CYMIECTBOBATh KOPPeJIAILMOH- 
Haf 3aBHCHMOCTb Apyroro Buga — P;. KoppersuHOHHaa 34BHCHMOCTb 
sio6oro BHAa ABJIAeTCH UaCTHbIM CAy4WaeM 3ABHCHMOCTH CTaTHCTHUe- 
CKOH. 

PaccmorpyM, B BHXe NpHMepa, MoKasaTeb ClOx%KHOCTH reoMeTpH- 
yeCKOH (popMbI wiTamna K, onpegzensemplA dopmyaoh (6.3.7), u 
MpOBepHM, B KaKOM CMbICJle STOT NOKa3aTeIb OKa3aJICA HeE3aBHCALILUM 
OT Xx. 

JlorapHMupyem ypasuenne (6. 3. 7) u o603HaumMM lg K uepes L 
Igy uepe3 zu Igx yepes f; nony4uHM 


L=z—0,105¢. (6. 3. 8) 
YpaBHeHHe perpeccun L—zZ no ¢ 
(L —z),=—0,105¢ nan L,=Z,— 0,105. 
Ho ua (6. 3. 5’) 
L,= 1,859 + 0,105¢ — 0,105¢ = 1,859. 


Utax, L,= const; 
nNOoTeHLUpyeM, 


~~ 


K = const. (6. 3. 9) 


CreqoBaTeIbHo, TeopeTHuecKand JIMHHA perpeccuu K no x, oOpa-. 
3OBaHHad H3 CpeAHHX TeOMeTPHYeCKHX 3HayeHHH K, napaiesbHa 
OCH Xx. 

JlorapHdmuuecKkan KOppenAuUA Y OT X OTCYTCTBYEeT. 
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[AABA VII 
H3MEPEHHE TECHOTDbI CBA3SH 


§ 1. MPOBJIEMA TECHOTbBI CBA3H. SMNUPHYECKOE 
KOPPEJIAWMOHHOE OTHOWEHHE 


B raape V u3/larasHCb MeTOAb pelleHHa NepBow OCHOBHOK 
npoOJleMbl TeEOpHH KOPpe/AWMH — NpOGOJIeMbI ycTaHOBeHHA MOpMBI 
cBA3H. B MaTeMaTH¥eCKOM aHaJIH3e NPM HCCeAOBaHHH PYHKWMOHAJIb- 
HbIX 3€BHCHMOCTeH MBI BCTPpedaeMCA JIMWIb C 3TOH Mpo6semon. OnHaKko 
B KOPPeJIAWHOHHOH 3aBHCHMOCTH OOHAapyKUBaeTCA HW Apyraa cTOpoHa 
fiedla, KOTOpaA CTaBHT Hac Mepey BTOPpOH OCHOBHOH mpo6semolk — 
IIpo6sIeMOH H3MepeHHA TECHOTOL CBA3H. 

TloscHuM 3TO Ha CxXeMaTH4eCKOM MpuMepe. 

PaccMOTpHM JBa KOppeJIALHOHHHIX noma au 6 (puc. 39). Ilyctp 
JHHHM perpeccHH y no x B O60HX NOMAX pacnoOMOKeHb! OAHHAKOBO. 
OjgHako TOUKH Noa 6 3HauUHTebHO O6J1M2%Ke NMPUMbIKAaIOT K JIMHUN pe- 
rpeccHH, YM TOUKH NOIA a. OTKJIOHEHHA TOUeK NOVA OT JIMHHN pe- 
rpeccHH OObACHAIOTCA, OYCBHAHO, BJIMAHHeM MpouHx dakTopos. Ecun 
Obl Y NMOJHOCTbIO ONpeeAJICA APrYMeHTOM X, TO BCe TOUKH MOA 
HAXOMHIHCb Obl Ha JIMHHM perpeccHu; YeM CH/IbHee BHAHHe MpouHx 
(bakTOpoB, TeM OOJIblle OTKJIOHAIOTCA OT JIMHHM perpeccHu TOUKH 
KOPPe@JIAIMOHHOTO MOA. 

OuesuAHO, UTO B CJyuae Ob BUHAHMe apryMeHTa x B MeHbilien 
CTeMeCHH OCJIOMKHACTCA JEHCTBHEM IIpOUHX MaKkTOpoB, 4eM B CJlyyae a, 
H 3ABHCHMOCTb MexKy Y U xX ABAAeTCA Oosee Tecnou. CremeHb Tec- 
HOTbl CBA3H — BeCbMa Ba?KHOe CBOMCTBO, ONpesemAlouee Hay4yHoe UH 
IpakKTHYeCKOe 3HaYeHHe JaHHOH KOPPeJIAUHOHHOH 3aBMCHMOCTH. 

EcJlH TeCHOTa CBA3H Be@JIMKa, TO, 3HaA APryMeHT, MbI 10 ypaBHe- 
HHIO PerpeCCHH TOYHO MpescKa3blBaeM 3HaAYeHHE CPYHKUHH, BOseH- 
CTBYA Ha apryMeHT, eCJIH OH ABJIAeCTCH NPHYHHOH M3MeHeHHA (PYHK- 
UH, MOXKeM YIIpPaBIATb MyHKUHeH. Ecau TecioTa CBA3H MaJla, TO 
BIMAHHe apryMenTa x Ha (pyHKWMIO OOHapy2XHBaeTCA JIMUIb B Cped- 
HeM TO ypaBHeHuio perpeccun. B KaxKAOM Ke OTIeEbHOM Ha6ulose- 
HHH OHO MepeKpbipaeTcs MeHCTBHEM MOOOUHbIX PakTOPOB. 
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VismepeHve cTemeHH TeCHOTbI KOPPeC/IALHOHHOH 3aBHCHMOCTH — 
BTOpad OCHOBHad mpo6sema Teopuu KOppeauMH. PaccMOTpHM NyTH 
ee peleHHaA. 

Jleficrsue Kakoro-mH60 tbakTopa Ha (PYHKIMIO NPOABJIAeTCA B H3- 
MeCHYHBOCTH (YHKUMH MOA BAMAHHeM H3MCHYMBOCTH AaHHoro @ak- 





Puc. 39 


Topa. IlostoMy nmoka3aTejb H3MeHYMBOCTH yHKUMH — Aucnepcua — 
ABJIACTCA OJHOBPeMeHHO MOKa3saTeleM BJIHAHHA Ha MyHKUHIO H3MeH- 
UMBOCTH PaJIMYHbIX ee takTopos. Tak, B TaO. 27 MbI HaOmogaH 
3HAYHTEIbHYIO KOJeOJIEMOCTb NpeANpHATHH MO BBINOHeEHHIO Mana 
BaJIOBOH MpOAyKUHH. ITa KOMeOMeMOCTh OObACHAeTCH Pa3/IHUHAMH, 
KOTOpbIe HM@JIH MeCTO MexKAY MpeANPHATHAMH NO MHOFOUMCJIeHHbIM 
dakTopaM BBINOJHeEHHA Maha: OGecmeyeHHOCTH paOoveH CHuIOH, HC- 
NOJIb3OBaHHio padovero BpeMeHH, OpraHH3alMH MpOW3BOACTBAa HT. J. 

Jina Toro uTOObI BbIACHHTb CTeNeHb BJIMAHHA KakoOro-1H60 OAHOTO 
H3 9THX aKkTOPOB, C/IeM0BaIO Obl H3MePHTb KOMeONeMOCTb yHk- 
UHH NOM BIMAHHeM faHHOro dakTopa MpH yCIOBHH, 4YTO Npowie 
He3aBHCHMO OT Hero JelicrByloulve cbakTOpH 3aKpensenn. Llenb 
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Oyfer MOCTHTHyTa, eCMH yacTCA pa3OKUTb NOJHY!O MHchepcuio 
HauleH PyHKUMM Y Ha ABe YaCTH, H3 KOTOPbIX O2HAa H3MepaeT BIHA- 
Hue aHHoro *akTopa x, Apyrad — BAMAHMe NpOYHX He3aBHCHMO OT x 
ReHCTByIOWMx dakTopos. Ha mpumMepe KoppenanuonHok ta6n. 27 
PacCMOTPHM METO, Takoro pa3oxKeHUA. MuTepecyioulum Hac (aKTo- 
POM *X ABJIAeTCA MPOWeHT BbINOJHeEHHA Maa Mo 4NcAy oTpaboTaH- 
HbIX 4eJIOBEKO-HeH. 

SaMeTHM, TO B KOppeAUMOHHOH TaGuIue BCA COBOKYIIHOCTb Ha- 
OloqenHh (npeanpunTui) menutca Ha uacTHBIe COBOKYNHOCTH 
(cToN6ubl Ta6NMUbI), B KaKJOM H3 KOTOPHIX NPH3HaK x 3aKpelWieH 
Ha He€KOTOPpOM ypoBHe. Tak, B nepBoH uacTu coBoKynHocTu x=50, 
BO BTOpOK —x=60 u T. o. 

PaccMOTpHM cCpegHiolo apHdbMeTHyecKylO y = =2 H AucHepcHio 


= a 
2 2 
= —- E(y—y) 
i 
Aad OOWeH COBOKYNHOCTH HM aHavlOrHuHbe moKa3aTeH 


ats Diy 2 a ., \4 
sae hin ee rs a; (y—y,) 
i i 
B KaxKJOH H3 “aCTHBIX COBOKymHocTel. CorsacHo H3BeCTHBIM CBOH- 
cTBam (§ 7, ru. I) 


y= — Ly ih, (7.1.1) 


oF oF + oF (7. 1. 2) 


— 1 2 
rye 0, = —- Xsjh, — cpequaa M3 YaCTHHX AHCOepcHha, 


art l 
S=y—-y, Vs — 8h, — AWCHePCHA WaCTHbIX CPeAHHX. 


OOpatumea K aHamH3y dopmysn (7. 1.2). 
Tak Kak B KaxkKOit “acTHOH CoBOoKynHOcTH x 3akpenleH, TO AHC- 
MepcHA of He MOKeT 6blTh OGbACHeHa u3MeHUMBOCTDIO x. Mur no- 


2TOMY BIIpaBe MpeANOMNOKUTb, YTO MePBbI KOMMOHEHT dopMysbI 
(7.1.2) o? wsMepseT Ty uacTbh KOme6nemocTH y, KOTOPaH BO3- 


HuKaeT Olarowapax W3MeHUHBOCTH TIpOYHX MakTOpoB, He 3aBHCAULHX 
OT x. | 
B caMoM jeje, nonoxKHM 


y=u-+y, (7. 1. 3) 


re &W— OTKJOHEHHE y OT Y,, H 2OKaxKeM, TO: 
1) haktop w KoppeaA#uHUHHO He 3aBUCcHT OT X, 


2) MHCHepCcHaA PaxTO,a 4 paBHa 3%, 
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KoppesiauOHHaa He3aBHCUMOCTb w OT x OYeBUAHA, TAK KaK WIA 


KaKNOrO 3HaYeHHA x, CpeqHee uw, PaBHO HYyJIO B CHY HysleBoro 


CBOHCTBa CpeqHeH apHiMeTHyecKol Hu, CleqOBaTeIbHO, He MeHAeTCH 
C H3MC€HEHHEM X. 


ee, ee 
PaBeHcTBO o,= 0? pOKasbIBaeTCA CAeAyIOWMM O6pa3zom: 


a= — (Dep Eu +... Du) = 


l 


[Z1(y —y) + Ea (y — ye) +--+ B, (y —¥,)] = 
[O+0+...+0] =0, 


oie 
n 
1 
n 


Pro 
! 


E(u — u)'= — tut = — (2,0? + Bou? + - .- Eu?) = 
Ei(y—y)? +... +3, —y,)'] = 
[Ayer + Agae—te ee. + 02] = -- Bho? =o. 


! 
ajoal-al- 


Mak, Mbi (oKasaiH, ¥TO NepBEIi KoMnoHeHT hopmya (7.1.2) 0 


H3MepAeT Ty YacTh KoNeOeMOcTH @yHKUHH y, KOTOpaa ompere- 
JIA€TCA W3MCHYHBOCTbIO (akTOPOB, KOPpeAUHOHHO He 3aBHCAIHX 
or x. Ho Tak Kak NomHaa AMcnepcua dyHKuuu o? BOSHHKaeT TaKxKe > 
HM B CBA3H C H3MECHYHBOCTbIO X, TO MOMKHO MPeANOORUTb, YTO 3TAa 
NocweqHAa OTpaxkeHa BO BTOPOM KOMIMOHeHTe  opmyabi 
(7.1.2) 6?. 


B caMOM Jeje, y; H3MeHAeTCH B OCHOBHOM NOX BAUAHHeM (pak- 
Topa x (B OCHOBHOM, HO He MOMHOCTbIO, TaK KaK IPH orpaHHyeHHom 


uucle HaOJogqeHuH 3aKOHOMepHoe H3MeHeHHe y, Hapyllaetca cay- 
WaMHBIMM 3Hr3araMH, BOSHHKA@lOWWHMH Ovlarogapa ocTaTouHomy wel- 
CTBHIO Mpowux dakTopos). CnegosatenbHo, 3; mpegcraBaaer Koue6- 
J@MOCTb Y B TOM ee 4aCTH, KOTOPaA B OCHOBHOM OGycnOBvIeHa BJIHA- 
HHeM @axktopa xX. 
OTMeTHM CJlemyiolllee BaxKHOe O6cTosTeBcTBO. Xota thaktop u 
KOPPeCJIHUHOHHO He 3aBHCHT OT X, OH MOKeT HAXOAUMTHCA C NOCMERHHM 
B Oonee o6uleH craTucTu4eckot CBA3H, B UaCTHOCTH, AuCnepcuA 
(bakTopa u—°% MoxKeT CHCTeMaTHUeCKH H3MCHATECA C H3MeHEHH- 
hioy -F hada + «+ + hss 
——___________— 6yyeT, 
ey oe ae oy 
OUeBHAHO, 3a4BUCeTb OT CHCTeEMBI BecoB fy, he,...h, uw TeM CaMbIM 
OTPaxkKaTb H H3MCHYHBOCTh dbakTOpa x. CreqoBaTebHO, Avia TOTO 
uTOObI pasmoxeHHe (7.1.2) HMeO yKa3aHHbIi BbIlIe PusHuecKHit 
CMBICJI, HEOOXOMMMO, 4TOOEI DHCNepcHa o; CucCTeMaTU4eCKU He U3- 
MCHAAACh C H3MCHEHHEM X, T. e. ee IpetebHOe 3HaveHHe OHIO NO- 
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CTOAHHBIM OTHOCHTebHO x. OTO TNpeANOOKeHHe H NPHHHMAeTCA 
B HaCTOALLEM H CJIeqyIOWeM Maparpadax pw HCTOMKOBaHHH (H3H- 
yYeCKOrO CMBbICJIa MOKasaTeseH TECHOTb! 34BHCHMOCTH. [paduyeckylo 
HHTepnpeTauntw topmMyp (7.1.2) Mbl BuguM Ha puc. 23. Ha noe 
KOPPeJIAWHH MpOBeseHa IMMMPHUeCKaN JIMHHA perpeccHH HM JIHHHA 


oOuleH cpenHeH y=C, napasiesbHaa ocnw a6clincc. 
1 a as 
O6ulaa Aucnepcua o? = —-L(y— y)* npenctapaser cpeaHHi 
n 


KBakpaT OTKAOHEHHH (NO OpAHHaTe) TOYeK KoOppeAWHOHHOrO 
NOJIA OT AHHHH y=C, 


ew! 5 Hythe 
pay y;) 


IIP€ACTABAAeCT CHpeHHH KBaApaT OTKJIOHEHHA TOUCK KOPPeCALAOH- 
HOrFO NOJA OT SMNHPHYeCKOH JHHHM perpeccuu. 


ar, 1 ° — = 
3 = — B(y,—y) 


MIP AcTaBAAeT CPCAHHA KBaApaT OTKVIOHEHHH SMMMpHyeCKOA AH- 
HHH perpeccHu oT aAMHHH y=C, PaccMOTpHM NOKa3aTeb 


% 
= —. (7. 1. 4) 


g2 


1? (9Ta KBaapaT) oTBeyaeT Ha BOMpoc: Kaxaa 4acms NnNoAKOh 
KOoAcOAemMocmuU Y ObYCAOBAEHA U3MEHLUBOCMbIO ApzyMeNmMa xX? 


KopeHb KBaapaTHbId 3 BeJIMYHHbI 1n? HasbiBaeTCA IMNUPUYeECKUM 
KOPPeCAAYUOHHOLM OTHOWeHUEM Y NO xX HM OOOSHAaYaeTCA N; YN CALYKUT 
UZSMEPUTEAEM TECHOTbL BABUCUMOCTU Y OT X. 

OueBHAHO, 4TO n BCerfa 3aKJIOUeHO B Mpemenax oT O po | 


O< 7 <1. 


Py 
Ecau 4=0, to 6;=0 a, ceqOBaTebHO, OTCYTCTBYe€T H3MeH- 
YHBOCTb 4YaCTHHX CpenHux y,. JIMHHA perpeCcHH NMapaaeubHa 


ocH aOclHCC H COBlamaeTc aHHHeH y=C. B stom cayuae roso- 
paT 06 OTCYTCTBHH KOppenAuHH y OT xX}. 


=) 
Ecan y=1, To o =O wu, cCaeOBaTeAbHO, BCe TOUKH 


KOPPeJIAWHOHHOrO MOA JIeKAT Ha SMMIMAPHyeCKOH JIMHUH perpeccHuH. 
B 3TOM CJly4ae TOBOPAT O HaJIHYHH TOYHOU, HIM MYNKYUONAAoAOUN, 
3ABHCHMOCTH Y OT X?. 


1 TIpu ycnosuu G6e3rpaHAyno 6ombworo uncia HaOsoszeHHi. Ecau uncao Ha- 
O.1OCHHH HeBeJIHKO, TO PaBeHCTBO TN} ==(0 MOKeT CyYaHHO NOMy4NTbCA H TPH 
HaJH4HH KOPPeJIAWHH, H, HAOGOPOT, MPH OTCYTCTBHH KOppeAuUHM YN CLyYaiinoO MO- 
~?eT OKa3aTECA > 0. 

2 [Ipu Haawunn G6e3rpaHHyuHo Oombworo uncia Ha6mofeHHH. Ecau uncno 
HaOM10eHHH HEBEAHKO, TO paBeHCTBO 1) = 1 MOXKeT ciyyaHHO NOAYYHTbCA H IPH 
HETOYHOH 3aBHCHMOCTH. | 
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Haxone, B o6ulem cayyae, Korga O<y<1, rOBOpAT O HaHaHH 
6onee WAH MeHee TeCHOM KOPpeJIAUHOHHOH 3aBHCHMOCTH Yy OT * 





(puc. 40). 
pu BEaHcAeHHH 4 yHOOHEe HCNOA3OBATD 3aMeHy MePCMeH- 
b ae Cy 
Horo y vepes y= 
y 


—_- 
a? 


8? $ 72 2 . 
Tax Kak -*. _ —. rae 8; HM 0’ paccuvTaHbI Aid yIpOUeHHBIXx 
CG 


BapHaHToB y’, TO 1) MOXKET BRIYHCIATECA MO HopMyse 


afm. (7. 1. 5) 


[IpumMep pacueTa n MpHBO_UM AA KoppenanHoHHoH taba. 30. 
Bouncalenua pacnoswaraem B Taos. 41. 
Tabauya 41 
Pacuet SMNHpPHYeCKOFO KOppeJALHOHHOTO OTHOMCHHA 7 
Homepa cToa600B 


———— 






































1 | 2 | 3 

y’ ie a 5 | 10 15 | 920 oo ly’ |” 
rn ea are 4 D) 
fetter 
7 6 6 
| 40 | pete fo s| 5] s 
a 0 0 | 
0 | » [os sis | a |mjole 

ee: mnOrneneD | nen ees seen eran Sec 
ee ee ae eS ae a 
-1| 20 | 5 | 4 | 1 | | 10 10) 10 
Snares =A 
-2| 10 | 2 | | | | 2|-«|s 
[| "tor | 10 | 15 | 15 | 10 | 50 | 7 | 45 
Bele pa MM ee Mca ee ee 
: | 7 
S{2| <yny’ | —9 | —1 9 8 
® 2 et eee 
ra oes 
= |3 yy | -2.90 | 0.07 | 0,60 | 0,80 | | | 

oa er 14, 3” 14a 0,900 — 0,0196 = 0,8804 
Bye. o arpe we 50 


139 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Hponoaxkenne 























B 
7 : 7 “ae iaran pe : 7 | . — 7 a —s a: rs | 
x | h | y; | a a (yi — y¥') (9, -y')? 2 

5 10 —0,90 1,04 | 1,08 10,80 

10 15 20 07 —0,21 | 0104 0.60 

15 15 0,60 0,46 | 0.9t 3,15 

20 | 10 0:80 0,66 | 0.44 4°40 

ae Bes ll oe ees 
| 50 | | | | 18,95 





== —"~ — (1). 379 — = = 
0) 5 0,379, 7 / 0. 8804 V 0,4305 0,656, 


Mpexme Bcero HaxXOMM NoKaszaTenn y’, o” 4 yi B pasnene A 
Ta6a. 41. 


B pasnene B  paccunTbipaem _noka3arenb 3,’ gate 1. 
ITpouspeqa avasloru4uuble pacuern mia 3ABHCHMOCTH M@XKAy BanoBoli 
NPOAYKUMeH H YHCJIOM OTPaGoOTaHHBIX YeOBeKO-2Helt (cm. Ta6a. 27), 
nosyyaem yn=0,693. | 

Tak Kak ?=0,4796, ro orciona 3aKJIOUaeM, UTO ANCMepcua y, 
CBASAHHAA C M3MeCHUHBOCTHIO X, cocTaBuinet 48%. or nonHoTt Aucnep- 
CHH Y. MoxkuHo, cileqoBaTeJbHo, CKa3aTb, YTO KOeOeEMOCTh pac- 
CMATPHBA@eMEIX MPeANPHATHH NO MpoWeHTy BbINOMHeHHA TMaHa pBa- 
AOBOH Mpomykunn Ha 48% o6ycopnena Pa3sJIMUHeM STUX Tpennpun- 
THH To bakTopy xX (npoueHT BLINOAHeHHA Nana no WHCY YeJIOBeKO- 
mHei) u Ha 52%. o6ycnoBneHa BAMAHHeM Mpownx MakTopos, Bappii- 
PYIOIWHX He3ABHCHMO OT Xx. 


§ 2. TEOPETHYECKOE KOPPEJIALLMOHHOE OTHOUWEHHE 


Merton pa3ioxkeHua mucnepcun, PaCCMOTPeHHbIM B NpenbiAyurem 
laparpade, mpenctaBiser co6oli mpuMeneHue merona rpynmHpoBok 
K aHaJIM3y QHCHepCHu OObeAMHeHHOM COBOKYMHOCTH. Baarozaps rpyn- 
HHPOBKE COBOKYNHOCTH MO MpH3Haky x dopmyvia (7.1.2), pacuae- 
HAOWaA MOJIHY!O JHCMepcuio Y Ha CpeAHIOIO H3 UWACTHBIX Auchiepcui 
H AMCIIEpCHiO YaCTHBIX CpeAHHX, mpHoOperaeT HoBbIit cMpICI. Ona 
pellaeT 3anauy pasoKeHia AMCNepcuu Ha uacTH, OOYCJIOBJIEHHYy10 It 
HeEOOYCJIOBJICHHYIO H3MCHUHBOCTHIO (baktTopa xX. 

B mpenese np HeorpaHw4eHHo 6OubUIOM UnCe HaOsroenuh cdop- 
Myja (7.1.2) qaeT BnomHe TouHOe u YHHBeEpCaJIbHoe pellleHve no- 
CleqHeH 3aauH B YCOBHAX, OTOBOPeHHEIX: B Npeqbiayulem mapa- 
rpade. 
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OgHako Mp OrpaHH¥eHHOM 4nCyIe HaOsiofeHHH HapsaAy C HeH3- 
6e2KHO BOSHHKAIOULMMH CJIyYaHHbIMM MOrpewIHOCTAMH Be/HUHH 


32, a2, 82, 


MbI MonycKaem B dopmye (7. 1.2) TakxKe M cucTemaTudecKytO ouu6- 
Ky, npeyeeauuuean KomnonenT 67, npeyMeHbWAA KOMNOHEHT 07. 


Sta owu6Ka BO3HHKaeT GslarofmapaA TOMY, 4YTO Y, IPH OrpaHHYeHHOM 
wuciie HaOJIOeHHH H3Me- 
HAeTCA He TObKO MO BJIH- 
AHHeM (bakTopa x, HO O6- 
HapyXHBaeT TakxKe H CJly- 
yuaHHble KONe6aHHA, OODbAC- 
HAIOWLHeCA OCTATOUHbIM 
WeHCcTBHeM IIPpOUHX, He 3a- 
BUCALIMX OT xX MaKTOPOB. 
Ota cuyuahHHadA wacTb KO- 


me6sleMOCcTH Y; MpeyBeJH- 
YHBaeT KOMMOHeHT 67, H OF- 
HOBPeMeHHO MpeyMeHbillaeT 


KOMIIOHEHT O7,, TaK KaK B 
TIOCJIE HEM HeOVYTeHO 
BIIHAHHe MOGOUHbIX MakTO- 
pos !. 

TlostomMy 9MIMpHyecKoe 
KOPpeIAUHOHHOe OTHOLWIEe- 
Hue CHCTeMaTH4ecKH Mpe- 
YBEJHUMBaeT TECHOTY CBA3H 
MexKIy y HW X, MpeyBeJIMuH- 
BaeT TeM CHJJIbHee, 4eM 
MeHblule HaGJIOJeHHH WH 4eM 
601bile CTOMOU0B B KOppe- 
JIAWMOHHOK Ta6suue (Cc yBe- 
JIMYCHHEM KOMIHUeCTBA CTOI- 
6U0B B KaxKJOM H3 HHX 
OKa3bIBaeTCA MeHbIUe Ha- 
6IONeHHH, a 39TO BeleT K 
G6ouee 3HAUHMTeJIbHbIM CJIYy- 
yallHbIM KONe6aHHAM JY). 

B pasnene Ill kuuru 6y- 
AyT yka3aHbl. MWOUDaBKH, | | 
KOTOpble HY2KHO BHECTH B Puc. 40 _ 
BbIUMCIeHHe N AIA TOFO, 





1 Tipu orpanwueHHOM UHCcHe Ha6m0xeHHH BenHUHHAa o2 Take HMeeT CBOIO 
cucremaTuyeckyio oum6Ky (cM. § 3, rapa XIII, paznen II{), HO OHa Masa no 


CpaBHeHHIO C CHCTeEMATHYeCKHMH OWIM6KaMH KOMIOHEHTOB 9j° H 372. 
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YTOOKI YCTpaHHTb CHCTeMATHYeCKy!IO OIMHOKy, BOSHHKA4IOWMylo Ovlaro- 
‘apa CAYYanHbIM 3Hr3araM JIMHUM perpeccuu. Celfyac PpaccMOTpuM 
APYTOH CCTECTBEHHbIN MPHeM, HallpaBJeHHbIt K TOT xe WetH,. On 
SAKJOYaeTCA B 34MeHe SMMUPHYeCKOH JHHUH perpeccHH JIMHHeH Teo- 


PeTHueckoli pH pacuete MoKasatesteli co; u 82, 
Ilyctb y, — uactHaa CPCAHAA, BbIUHCJICHHAX NO ypaBHenniw 


perpeccHu y, == f (x). 3amenaa stow cpequelt SMMHPHYeCK yo cpen- 


2 2 -39 
HIOlO Y,; B PopMyaax Aaa oj, oj, 8), NOWYYaeM COOTBETCTBEHHO 


z ~~ V9 
saat a dX, (y = Pe er (7. 2. 1) 
a ey my), (7. 2. 2) 
age rs: ne a cane 
= Usir hy = = U{Ve — y)*, (7. 2. 3) 


2 es 
paduyecku o?, sbipaxaer CPpCAHHH KBadpaT OTKIOHeHH TOYeK 
KOPPeJIAUHONHOFO NOAA OT TeopeTHuecKol AHHH perpeccun, 8, ais 
é 


CPeMHHH KBakpaT OTKJOHEHHH TeopeTHyecKo wHHUH perpeccuu oT 


AMHHH OOuleH cpeyneli: y=C (Bce orKa0 
HeHHA W3MepsIOTc - 
WuuatTe). ? eo 


Jaa noKa3aterzeii o- 3 
A iT H O;r CNPaABeCAVIHBO cue - 
OMKeHHE. | : eee 


Ecm B ypaBHennu perpeccun Y, ABACTCA JHHeEMHOR dyHKunert 
OT NapaMeTpos 4, 8, C..., rke a — «CBOGOTHBII» llapametp, 


2 Y~=at bp(x)+ceg(x+.... (7. 2. 4) 
eo? + a2 (7,25) 
Mokasatemperso 
es le, = oa me 
S- == -— 2} —y)?= -__ 3 — 
7 (YP —-2 iy — y+, — YP 
oh OS payee, ] e £63. ae ] . ot. a ore 
OY Ya + TE (Ve YP +2 —-E (y= Yn) Ve — 9). 
Ho 
1 ;: ned 9 | eres “V9 02 
EY ye)? = sir; — EB (Vx = y)? = Bir. 
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JloKaxeM, 4TO TPeTHH KOMNMOHEHT 2 E(y — y,)(y,— y) 


pH ycosun (7.2.4) Tox eCTBeHHO paBeH HYAW. 
Jiaa stow weu mpenzcTaBuM ero B Bue 


l e cates Praee i 
2—-U(y-- y,) (Ve — y= 
1 é =a ame ] = . <= 
= 2 ol Vx) Vx —2——-y By — yu). 


Tianee, COCTaBHM CHCTeMy HOPMAJIDHBIX ypaBHeHHH La onpese- 
J@HHA Mapametpos a, J, ¢,... 


rye f= E(y —_ yx)? 
TiIpoussoza auddepenunpoBauue, nowyuuM 
E(y — ye) =0 
B(y — yx) p(x) =0 
Z(y — yx) gq (x) =0 


Ho u3 nepsporo ypaBHeHua cuctemp! (7.2.6) caenyer, uTo 


(7. 2. 6) 


1 uc le —_ 
2 —- y2 (y — yx) = 0. 


7lanee yMHOKaeM MepBoe u3 ypaBHeHuit (7.2.6) Ha a, BTOpoe — 
Ha 0, Tperbe —-Ha C HT. 2.3 CKaQbipad, nomyyaem 


E(y —yx)[a + bp (x) +g (x) +...]=0 
HH 
u(y — yx) Vx == (). 
OtTcrwza 


1 ° aie ‘ame eae 
2 sly Ye) Vey) = 0, 


4YTO H TPe6OBaAN0Ch AOKA3ATb. 


Utax, papeuctso (7.2.5) ocyllecTBiseT, mOq0OHO paBeHCTBY 
(7.1.2), pasmomxeHHe WHCNepcnu y Ha 2Ba KOMIIOHEHTA, H3 KOTOPbIX 
nepBbLId H3MepHeT BAMAHHe PakTOPOB, MeHCTBYIOWNHX He3aBHCHMO OT 
apryMeHTa xX, BTOPOM — BJIMAHHe apryMeHTa xX. 
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Bmecto noKa3atesa 1) MBI MOKCM Telepb HCHOJIbSOBaTb MOKa- 


3aT@JIb 
Cir 
Ur yer oe (7. UR 7) 


Ha3bIBaeMbIM TEOPETULECKUM KOPPeARYUOHHOLIM OTHOWeNUeM Y NO X 
H MMCIOUHH aHaJIOPMYHbI C 1 CMBIC. H3MePHTeIA TeECHOTHI 3aBHCH- 
MOCTH y oT X. OueBHAHO, 4TO 





O<4,<1. (7. 2. 8) 


x2 
Koraa 7,==0, To 8jr==0 w TeopeTH4eckad aMHuA perpeccuH 


NapaswiebHa ocu aOcuncc. IIpu BecbMa 6o.bUIOM 4nCIe Ha6soOLeHHh 
B 3TOM cily¥ae ToBOpAT OO OTCYTCTBHM KOppeHUMH MexKLy y HX. 


Korna 4,1, To o?,==0 wu Bce TOUKM NOA AexKAaT Ha TeO- 


PeTHYeCKOH JIHHHH perpeccuu. T]pu 6onpuiom ance Ha6smIomeHHi B 
STOM CJIy¥ae CUHTAIOT 3€BHCHMOCTb TOUHOK — PyHKUMOHAabHO!. 
Hakoneu, mp O<y,<1 rosopaT Oo HasM4HH KOppenHWMOHHOH 3a- 


BHCHMOCTH MexKAy Y HM X, Oolee HIM MeHee TecHOH (puc. 41). 
_dlerko BuyeTb, YTO B paBeHcTBe (7.2.5) aAuCMepcua Mepepacnpe- 

AeNAeTCA Me2KTY TBYMA KOMIOHeEHTaMH M0 CpaBHeHHIO C PpaBeHCTBOM 
(7.1.2) caenzyiomuM o6pa3oM: Nepsblii u3 KOMMOHeHTOB yBesHUH- 
BaeTCA HW COOTBETCTBEHHO yMeHbilaeTca BTOpOH. JleHcTBUTeJIbHO, B 
KaxXOM CTOJIOWUe KOPpeAWMOHHON TaOJHUbI 

2 2 

<r 
CcOrlacHO MHHUMAaJIbHOMY CBOHCTBY CpeqHeH apudMeTuyeckoH. Cue- 
JOBaTeJIbHO, 


—_— 


a1 < sip, (7. 2. 9) 
a B CHy papencts (7.1.2) u (7.2.5) 


8? > a, (7.2. 9")! 


1 CpenHui KBalpaT OTKIOHeCHHA TOYeK MONA OT SMNMPHYeCKOH AHHHM perpec- 
CHH MeHbille, 4eM OT KaKOH-1H60 Apyrok JIMHHM, K, B YACTHOCTH, MeHbIIe, 4YeM 
CT TeOPeTHYeCKOH JIMHHH perpeccun. Ha nepBblit B3rand STO MOKeT MOKasaTbcr 
CTPaHHbIM, HOO TeopeTHYecKaA JIMHHA PerpeccHH — NpAMag, Mapabona u T. 2.— 
TakKKe nowyyaeTcA Ha OCHOBe TpeOOBaHHA HAMMEHbILUX KBadpaToB. OHaKO serKo 
BHUeTb, UTO KAKAAA H3 STHX AHHHA YAOBJeETBOPHeET STOMY TPeGOBAaHHWO JIHUIb 10 
CDaBHEHHIO C APYFHMH JMHHAMH TO2O we camoec Tuna. Tak, HalpuMmep, Teope- 
THYUeCKaH TIpAMaA perpeccHH ABJIAeTCA «yUWIeH» H3 BCe€X BO3MOMKHBIX IIPAMBIX, 
TeopeTHyecKaH fMapa6owa perpeccHuH ABAAeTCA «AYyUeH» napa6onoH u T. 2. 
Mexay TeM SMNMpHueCcKad JIMHHA Perpeccuu OCyWecTBAReT TpeGOBaHHe HaHMeHb- 
WIHX KBafpaTOB NO cCpaBHeHHWO c 2060 HHOK MHHHeH. 
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Orciona | . 
Tr Sq (7.2; 10) 


HJIM TEOPeTUYECKOE KOPPEAAYUOKHOE OTHOWENUe MeHbUe WAU, B Kpall- 
Hem CAYUAe, PABHO IMNUpUXECKOMY KOPPeAAYUOHHOMY OTHOWeHUIO. 





Puc. 41 


Hepaseucrso (7.2.10) noka3pipaet, uo Nr B KakKOH-TO Mepe 
MCUpaBAHeT CHCTEMATHYeCKyIO OLIHOKY, CBOMCTBeHHyIO SMnupHue- 
CKOMY KOPp@JIHIHOHHOMYy OTHOWeHHIO. OnHaKO ycTpaHaetca AM MOU- 
HOCTbIO 3Ta OlNMOKAa, KOrAa MBI TepexOAHuM OT 9MNMpHYecKoro K TeO- 
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peTHYeCKOMY KOPPe/IALHOHHOMY OTHOWeHHIO? Ha 3TO MOMKHO JaTb 
OTPHUATeAbHBIA OTBET. 

B caMoM Jevle, HCOMb30BaHHad HaMM MpM ONpeneseHHH KOMNO- 
HeHTOB 02, H 6? TeopeTH¥ecKaH AMHHA PerpeccHH He ABAACTCH 


ipeweibHo TeopeTHyecKOH JIMHHeH, a MoJyyeHa Ha OrpaHHYeHHOM 
KONMYeCTBe HaGwJOMeHHH KOCBeHHbIM TyTeM. OHa TakxKe, XOTA H B 
MeHbIUei CTeMeHH, UCM SMIMpHyecKad JIMHHA PerpeccHH, NOABepxKeHa 
BAMAHHIO CLyYaHHbIX :akTOpOB. ITO BIMAHHE NPOABJIAeTCA HE B KO- 
yeOaHHAX TeX WIM HHbIX yYaCTKOB KPHBOM, KaK 9TO MMeeT MECTO V 
QMMHPHNeCKON JIMHHH perpeccHH; OHO CKa3bIBaeTCA Ha MNOJOMKCHHH 
Bcell JIMHHU, KOTOpad MOkKeT ClydaHHO OTKJIOHATCA OT CBOeTO Npe- 


fembHoro momomKenua. Cayualinad KomeOeMOCTb Y, MPHBOAMT K He- 
KOTOPOMY CHCTeEMATHUCCKOMY 3aBbIIIeHHIO Yr- 

Cytb fea 3akso4aeTCaA B TOM, YTO TeOpeTH4eCKad JMHHA Perper” 
CHH, pacCuHTaHHad Mo cnocoOy HaHMeHbINMX KBalparos, 6nunce noo- 
yoOuT K TeEM TOUKAM MOJIA, Ha OCHOBe KOTOPbIX OHA PaCCHHTaHa, YM 
eliCcTBUTeIbHaA MpewzeibHan JIMHHA perpeccHH. Ilostomy nr HMeeT 
TCHACHUHIO K IPeyBeJIHYeHHIO TeCHOTbI CBA3H, XOTA H HE B TakoH 
Mepe, Kak ny. PasyMeeTca, STO ClipaBeQIMBO_MpH YCIOBHH, 4TO THT 


ypaBHeHua perpeccHu BbIOpaH MpaBHJIbHO H Y, THIUb CAYYaHHO OT- 


KIOHAeTCH OT MpemembyHIx Y (x). 3 

Ecau Ke THM ypaBHeHua perpecci BbIOpaH HempaBHJIbHO, CCM, 
llarIpUMep, OH CJIMIIKOM yipomlaeT PopMy CBA3H (BLIGOp MpxAMOJIH- 
Hefinoro H3M@HeHHA BMeCTO Mapa6ouIbl MT. I.), TO TeopeTH4eckan 
JIMHUA perpeccuH, BLIMHCeHHaA No cnocoby HaHMeHbINHX KBaApaToR, 
MOKeT OXasaTbcd Gomee yaleHHOH OT TeX TOWeK, Ha KOTOPbIX OHa 
paccuHTaHa, 4eM MpefeybHad TeopeTH4ecKad JIMHUA PerpeccHH. ITO 
MOXKeT MpHBeCTH K CHCTeEMaTHYeCKOMY 3ANUICEHUIO TECHOTI SABHCH- 
MOCTH B MNOKa3aTeJe 77, 3AHHMKEHHIO TEM 6onee 3BHAUUTECABHOMY, “eM 
cuAbHee ynpowaer BolOpaHHolli Tun ypaeHenun peepeccuu GeticTeu- 
TCADHY!O 3ABUCUMOCTD. 

flonpaBKH, KOTOpbIe CllelyeT BHECTH B BHIUMCICHHe Nr ATA YCTpa- 
HeHHA CHCTeEMATHYeCKHX OWIHM6OOK, GyyT pacCMOTpeHbI B CJ1eMylolneM 
pa3yele KHHIu. 

IIpHpoquM B KauccTBe MpuMepa pacer y 7 AA KOP Pe@JIAWHOHHOK 
Ta6a. 33. 


MOXUHO BHALYUHCJIHTb B YI pOuULe HHbIX KOOPAHHATaXx Ho copmy.je 
Vi 
GN a 


TeoperHueckylo JIHHMIO perpeCCHH MbI PaCCyHMTbIBaJId AVIA 3TOH 
TaOJHIbl B ABYX BapHaHTax: B Buse NpAMOH H B BUse napa6ovibt 
Broporo nopagka. Tlosromy HW pacueT Ny MOMKHO 30€Cb OCYLUCCTBHTS 
B JIBYX BapHaHTaxX MIPHMeHHTe/bHO K Ka&KOMy THHY TeopeTH4ecKoH 
juHuu perpeccun. Pacuer moka3aH B TaGa. 42 H 43. 
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Paciet TeopeTH¥eCKOrO KOPpeJAUHOHHOTO OTHOWMEeHHS 7, 


YpapHeHHe perpeccuH (B yNpOWeHHHX KOOpAHHATAX) 
Ver = — 0,151 +-0,581x’ (cm ta6a. 33). 








| Ta6auna 42 _ 42 
x! h | Vy | Ien-y Gay ic —9yn 
—] 10 —0,732 —0,872 0,76 | 7,6 
0 15 —0,151 —0,29] 0,08 1,2 
I l 0,430 0, 290 0,08 | Oe 
2 10 1,011 0,871 0,76 7,6 | 
| 50 | | ry | 17,6 | 


tra — 0,3520, 


ae 


v uo’ Gepem u3 Ta6a. 41. 


Ortcrona 
0,3520 
= ———— = 0,632. 
"Ir fia 3 


YpaBHeHHe perpeccuHu (B yIIpOMeHHbix KOOpAMHAaTAX) 























Ve == — 0,0233 + 0,740x’ — 0,159" (cm. Ta6.1. 34). 
Tabauya 43 | 
x h *y | Yeoy (yp—y) | (yey) aR 
—] 10 —0),922 — 1,062 1,13 11,3 
0 15 -——0 ,023 —0,163 ' 0,03 0,45 
1 15 0,558 0,418 0,17 = 2,59 
y) 10 0,821 0,681 0,46 4,6 
| 50 | | | 18,90 
Op 0378 
y wo’ Gepem H3 Taba. 41. 
OTkyyza 
0,3780 
— . 56500 
0, 8804 
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Aaa 3ABUCHMOCTH Me2K/Y BaJIOBOH MpOAyKUWeH H UYHCJIOM UeJIO- 
BeKO-HeH TeOpeTHYeCKHe KOPPeCJIALHOHIIble OTHOIWeHHA, paccunTau- 
Hble AHAJIOrHYHBIM IyTeM, OKa3aJIHCb PaBHBIMH: 

1) NpHmMeHuTebHO K NpAMOM perpeccuH y-=0,653; 

2) IIPHMeHHTeJIbHO K Mapa6osle perpeccHH BToporo nopsAKa 
4,7 =0,691. 

O6a KOppeIAWHOHHbIX OTHOINCHHA MpakTHYeCKH MaJlO OTIMYAIOTCA 
OT BbIYHCJI@HHOTO PpaHee IMMMPHYeCKOFO KOPPeJIAWHMOHHOTO OTHO- 
(eH. 


§ 2, KOS®®HUHEHT KOPPEJAAWHH 


PaccmoTpHm HanOovlee BaxKHbIK QJIA MWpakTHKH HU [WIA TeOpHil 
eyual, Korga TeopeTuyeckand JIMHHA perpeccHH BbipamwaetTcH ypaB- 
HeHHemM MepBol cTeneHH, T, e. Cly4alt IMHeHHOM 3aBHCHMOCTH 


y,= at bx. 


Yrviosoh Kosp@uuNeHT ypaBHeHuA perpeccuu 6, WAH, Kak efo 
HA3bIBAIOT, KOIMMUYUeNT peepeccuu Y MO X, NOKA3bIBaeT, Ha CKOVJIb- 
KO CJIMHHL, B CpeAHeM H3MeHAeTCH Y, Kora X yBeJIMYHBacTCH Ha 
OHY eAHHHILY. 

Uem Oobiie KospduunenT perpeccuu, Tem Goulee 3HAYHTCJIbHO 
“u3MeHCIIHe CpesHero Y, COOTBeETCTByIOLece TOMy 2#Ke H3MeHeHHIO Xx. 
ror cmbicl KOIpdHUNeHTAa perpeccHH eNaeT ero Ha NepBEIM B3TIAT 
MOAXOMAWIHM H3MepHTeJIeM CHJIbl 3ABHCHMOCTH Y OT X. 

Oniako BO3HMKaloT Culenyioune BospaxkeHua. UnceHHoe 3Hate- 
HHe KOIPDHUHeHTa perpeccHu 6b 3aBHCHT OT TOO, YTO MIPHHATO 3a 
e[HHMLy u3MepeHia mo x H no y. Ecam eqHHHa H3MepeHHA Xx BedJH- 
Ka, TO YBCJIHYeHHIO X Ha eCAMHHUY COOTBETCTBYeT Goulplee H3MeHe- 
Hue cpenHero y, T. e. 6 Bemnko. Ec eMHHa H3MepeHHA Y BeJIKa, 
TO COOTBETCTBYIOUIee H3MeHeHHe Y BbIpawkKaeTCA MCHbIUHM KOJIHYC- 
CTBOM CIHHULL MH, CleqoBaTeIbHO, b Majo. HanpiMep, Ain ypaBHeHHn 
perpeccHu Beca wellopesecKoro Tela MO ero PocTy MBI NOWYYHM 
u 100 pas Menpumnii Kospduunent 6, usMepaAA pocT B CaHTHMEeTpas, 
10 CpaBHeHHIO C TeM, eCIH erO H3M€PATb B MCTPax. Hao0oport, Mbl 
noszyuum B 1000 pa3 Soupuimit KospduiwenT perpeccHH, eC Bec 
6yeM H3MepATb B rpaMMaX BMECCTO KHJIOrPaMMOB. 

Tak Kak O6ObIGHO MbI PpaCCMaTpHBaeM 3aBHCHMOCTH Me*K {ly MPH- 
3HAKaMH pa3HOM MpMpOAb!, HMCIONIMMH Pa3sJHYHbIe CHHHIbI HSMe- 
PeHHA, TO, OUeBHAHO, 4TO KOSPDUUMEHT YO ABACTCHA BeAMYHHOH, 3a- 
pucawleli OT MpOH3BOa B BbIOOpe EAHHHY H3MeCpCHHA Me€PeCMeHHBIX, 
H MOSTOMY He MOMKeT CLYRKUT YHHBCPCabHbIM THOKAsATCTEM CHJIbI 
cpi3H. OnHaKo cCJlH Obl yRasloch HaliTH Taky!o CTaHAapTiylo CHCTEMY 
CAHHAIL H3MepeHHA, 8B KOTOPO! AaHHbIe MO PasJHYHbIM MPHSHAaKaM 
OKA3aJINCb CPaBHIIMbI MEK AY COOOH, TO BANAHHe NPOWSCOMa B BbIOOpe 
CMUHIb! H3MepCHHA Ha KOsp~uUMeHT perpecchH 6bl0 Obl yceTpa- 
qeHo. CraTuctika 3HaeT Takyto CHCTeMy C€AHHHU. Dra cucrema Hc- 
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Nomb3yeT B KavecTBe eCAMHHUbI H3MepeHHA MpH3Haka ero CpeAHee 
KBafpaTuyeckoe OTKIOHeHHe O (MpH STOM Hayao oTCUeTA O6HIYHO 
nepememlaeTca B TOUKY cpedHeli apudMmetuueckon). Mbt Bipase mo- 
flaratTb, UTO B CTaHAapTH30BaHHOM cucTemMe KOSPPHNUHeHT perpeccHH 
OKaxKeTCA MOAXONAMIHM H3MepHTeeM cHabI cpa3sH. Uccenyem STOT 
BOTIpPOC. ; 

Kosdbduuuent perpeccHu B CTaHJapTH30BaHHOH CHCTEME CHHMIk 
WIM, KOpoue, CTAHLAPTH3OBaHHHI KOSPHUUNeHT Perpeccnu, OTBEUAeT 
H@ BOMpOCc: Ha CKOJIbKO CHM H3MeHAeTCA B CpesHeM Y, Kora X yBe- 
JIMUMBaeTCA Ha OAHY CHrMy? 

CraHgzapTv30BaHHbilt KosduuHeHT perpeccum y NO X OObIUHO Ha- 
3bIBAeTCA KOSMMUUUENTOM KOppeARyuU MEXTy y HW xX uv OOOsHaUaeTCH 
6ykBolt ry, HIM MpocTo Fr. 

OuesuHO, MbI MOyYHM Ff, CCH YMHOKHUM 6 Ha OTHOUIEHHE eH- 
HHI, (CHM): 9TO BbITeKaeT 43 onpedenenna r uO. 


tak, 
r=b-*. (7. 3. 1) 


Sy 


Mopmyaa (7.3. 1)— ocHoBHan ucxoqHan opmysa KOSuUHEHTA 
KOPpeJIALHH. 

TloKkaxkeM Tefepb, YTO KOSPHUMeHT KOPpeIAUHH B CHyyae Mps- 
MOJIMHEHHOH perpeccHi MelCTBHTebHO H3MepseT CHy 3ABACHMOCTH. 
Ilan 3To wen paccMoTpHm topmysly TeopeTHyeckoro KOppedAHOH- 
Horo OTHOWeHHA | 

oe = U(x — y)? 


g2 o2 








e 


my to 


a 


B stow dopMyse 3aMeHUM y, H y UX BbIPAKeHHAMH: 
y,=at+bx, 
yoat bx: 


nocyieqHee PaBeHCTBO BbITeKaeT H3 MepBoro HOPMAJIbHOTO ypaBHeHHs 
cuctempl (5. 1.3): = 





Ly = na + bLx 
nocwie JeJleHHA Ha ft. 
Homnyuaem: 
] - ist qe ha ~~ 
—— Yb3 (x — xP b2 —-N (x — xy 2 
2 n n 9 ox 
{r= == ee 
o2 G2 62 


y 
(o*, cTOMueH B 3HAMeHaTeve, IIPHNHCaH 3HaK Y AIA OTAHYHA OF 
o%, CTOAMeH B YHCNTeWNe). 
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Conocra Baa c¢ dopmysion (7.3.1), nonyaaem 


qr=r . (7. 3. 2) 
HH 
eee ie (7322) 


tT. €. KospPuyuerT Koppeaayuu no abconwrHod Beauuune pasen Teo- 
peTuULecKOMY KOPpeAAYUOHHOMY OTHOWEHUIO (6 Be ald npAamMoAUHeL- 
HOU peepeccuu). 

Orciona cilexyeT, YTO KOaUuLNeHT KOPpeALHH MOKHO CUUTATh 
H3MEPHTeEJIEM CUAbL CBABU Y C X, eCJIM MOHATHEe CHJIbI CBA3H, WO CHX 
MOp HaMH He BMOJHe ONpeseseHHOe, CUHTATb PAaBHO3SHAUHbIM NOHA- 
TUIO TECHOTOL 3ABUCUMOCTU. 

W3 pasenctsa (7.3. 2’) 3aKmlouaem, sro aOcomoTHad BeHUHHA 
KOSPPuUNEHTA KOPPeALHH CNOCOOHA H3MEHATLCA TAK Ke, KaK HH; 
B Ipegenax oT 0 go 1. 

Oguako B OTAMUHE OT Nr KOMPPHUMeCHT KOPpPeIALHH MO?MKeT MpH- 
HHMaTb KaK NOJIOMKUTEIDHbIe, TAK H OTPHWAaTeIbHbIe 3HaveHHA. SHaK 
mpH + CoBmagqaer CO 3HaKOM KO2IdpduuHeHTa perpeccuH 0; 9TO BbITe- 
KaeT H3 ypaBHeHna (7.3.1). 

HTaK, 


AT Soper A: (7. 3.3) 


npH r= +1 win r=—I1 Bce TOYKH KOppeJIAMMOHHOrO NOJIA exKaT Ha 
NpamMoH perpeccuu. B 2sTOM Culyuae HMeeT MeCTO CTporam NMponopuH- 
OHAJIbHOCTh B H3MCHeCHHH y HX (Mp Oe3srpaHHyHO OOJIbILIOM 4HCyIe 
HaGJHOeHHH) . 


TipH r nosoKUTebHOM VY, pacTeT C VB@EAMHYCHHEM X — HMeeT 
Me€CTO NOJMOKHTeAbHAA KOPPevinlHA GOIee HH MeHee TeCHaH: 
MpH F OTPHILATeVIbHOM yY, MagaeT ¢ pOCTOM xX — HMe€eT MECTO OTDpH- 
WaTeibHad KOppesnuwua. Hakonen, upwu r=O npaman perpeccuH 
NapaebHa OCH X, WH NPAMOJHHEHHAH KOPPeJAWHA OTCYTCTBYeT 
(€ciH YHCIO HaOiOReHHH Oe€3rpaHHYHO BeVJINKO). 


IIpHBOAHM PA KOPPeJIAUHOHHbIX TAO, COOTBETCTBYIOLLHX T0- 
CAELOBATEIBHOMY HAPAaCTaHHIO CHJIbl KOPPeJIAWHOHHOM 3aBHCHMOCTH 
(cm. Ta6. 44)'. [loap3yacb STHMM TaO/IMUaMH Kak CHCTeMOH WAa6s0- 
HOB, MO?XKHO MpPHOJIMWOKeHHO Ha Tvla3 ONpeAeJIHTb 3HaueHHe KoOsdou- . 
WHEHTa KOPPeJIAUHH JIA TAOJIHU, BCTPeYalOUlHXCA Ha MpakTHke. 


Pa3jH4Hble MOAMHKALHH COpMyAbl 
KOS(*PPHuWHeHTa KOPpeJAUHH 


Kos@PHUHeEHT KOPpevIAUHH rf Ompefetnetca topmyoh (7.3.1). 
ITone3HO Tak>Ke 3aMOMHHTb H HeKOTOpble MOAMUKAaLHH (BHAOK3Me- 





| ZanmcrBopanpl “v3 KHurH A. K. MutponoatcKkoro, TexHuka craTu- 
cTuyecKkoro ucuncaneHHA, 1931, cip. 372. 
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Ta6auua 44 
Teecnota Csa3sH 


r=0 





| = 








"9 9 2 2 2 2 10 
8 9 5 9 2 9 5 2 iit 
7 9 5 14 2 27 24 14 5 2 17 
6 9 9 24 42 51 42 2 9 2 205 
5 1 #212 #27 51 60 St 7 12 2 1 246 
4 5 9 04 42 51 42 24 #9 2 205 
3 9 5 14 94 27 24 14 5 2 "7 
9 >» 5 9 12 9 5 2 “4 
1 9 29 2 2 2 
0 ee en nena teen re eet es 
s | 1 10 44 117 205 246 205 117 44 10 | | 1000 
r= 0,2 
Seu Pe ag), 

~S "9 1 2 3 4 5 6 7 8 9 10 z 

{ ie a 
a 1 | 1 
1 1 2 3 2 1 10 
: 1 3 7 0 1 #8 38 +1 id 
7 1 3 9 20 20 7 18 8 2 | 7 
6 1 7 20 39 51 45 27 LW 8 208 
5 2 10 29 5! 62 51 2 10 2 246 
4 1 3 1 27 45 «51 39 2 67k 208 
3 9 § 18 27 29 20 9 38 1 7 
9 1 3 1110 7 3 2 ‘4 
1 12 3 2 1 1 
0 : 1 Bose en 

eae Bn a ta 
s | 1 10 44 117 205 246 205 117 44 10 1 | 1000 











0) 
SS] 
8 
T 
6 
5 
4 
3 
2 
l 
0 


s | 1 10 44 17 205 246 205 117 44 10 1 | 1000 
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liponoakenne 























— ems 5. Paes May i. 1; 0,6 
: il : te ad ene 3 ea 
F ~~ 2 4 5 6 7 8 9 QO | v 
10 | — - 
: : | 2 3 3 1] 10 
: 1 5 Il 14 #9) 8 1 44 
2 8 24 36 30 14 3 117 
6 1 8 31 56 60 36 Il 2 205 
i). & 1 5 24 56 74 56 2% #5 | 246 
4 2 11 86 60 56 31 8 | 205 
3 38 14 30 386 2 8g 9 117 
i eo ee ee | a ae 44 
Lo a: ae a) 10 
se es I 
ee Ss ee a ee a 
S| 1 10 44 117 205 246 205 117 44 «10 1 | 1000 
a, Pole ees ey A en =e : 
mee 0 1 2 3 4 5 6 7 8 9g) 4Q | Y 
10 | l I 
Q 2 4 8 1 10 
8 7 18 15 4 44 
7 ! 13 41 43 18 9 117 
6 | 17 62 78 41 #7 905 
5 13 62 96 62 13 246 
4 7 41 #78 62 «47 205 
3 2 18 43 41 43 117 
2,-« 4 15 18 7 44 
1 | | 3. 4 Z 10 
Y | 1 10 44 117 205 246 205 117 44. «10 | 1000 
Ate wea 2 3) eins cad as . - | 0 
ke 0 1! 2 3 4 5 6 7 8 9 10 : 
eee ee 
10 | 1 I 
9 | 10 10 
8 44 44 
7 | 117 117 
6 | a 905 205 
5 246 
4 205 205 
3 117 117 
2 | 44 44 
I | 10 10 
ae oe ee = I 
: 1 10 44 117 205 246 205 117 44 10 | 1000 
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HeHHA) dopmyp (7.3.1), KoTopble mosyyaloTcA TOKDECTBEHHbIM 
mpeo6pa30BaHveM mocwienHeH. | 

OnpenetuM KosiuuneHT 6 v3 CHCTeMbI HOPMAJIbHEIX ypaBHeHHit 
1. 3) 7 


Ly == na-+ b&ix ! 
Lxy = arx + bLx? |’ 


(5. 


KoTOpan NOCIe MevIeHHA Ha Mf NPHBOAMTCH K BUHAY 


y=atbx 











ernce pia x 2 t (7. 3. 4 
yx= ax +b— | 
| n 
ES Lyx 
rhe yx== ——., 
nh 
Peas cucremy (7.3.4) oTHocHTeJbHO 6b, noyunM 
1 y 
pil * Fl _ yee Eg gy 
| Xx vx = 2 
= oo | n — (x) " 





Nogctasaasa 9To Bbipaxenue B dopmy.ly (7.3.1), nonmyyaem mep- 
BYIO MOAHMHKaUHIO POpMyvIbI 7 


re one sae (7. 3. 6) 


Ms (7.3.6) merko nomyauTb Hu cremyloilee, BTOpoe BHAOM3MeHeHHE 


PopMyvibl r 
] a Sas 
7 UE») 
r= —_____—____—., (7. 3. 7) 
TxTy 
B caMoMmM jee, 
l — nd = 
—E (x — x)(y—y) = — Exy — + Exy— 
nt nt 
Pee), lporl ms 
ee Ixy xy—x--Ly— 
: xy + 7 XY == XY Se 
—y = Bx+ —nxy = xy — xy —yxxy= 
= xy — xy, 
3 Yero CNlelyeT CiipaBewIHBOCTh dopmyb (7. 3.7). | 
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Mopmyanl (7.3.1), (7.3.6), (7.3.7) mpeaqcTaBAdioT B OCMOBHOM 
TeOpeTHUeCKHHA MHTepec HU GOYAYT B AabHeHWIeM HaMH HCNOAbSOBaHbI 
As WeleH TeOpeTHYeCKOrO aHaiv3a. 

BuIuHCAATb 2%Ke KOIPDULHEHT KOppetAUHH yRo6Hee no opmyie 


pos ey Hey (7. 3. 8) 
y n&vx? — (xy andy? — (Ly)? 


KOTOpaA Moyuaetca u3 popmybl (7.3.6) mMyTeM YMHOIK@HMA 4HC- 
JIMTeAA WH 3HAMeHAaTeA Ha 72. 

Paccuntaem Kosuuneut Koppesauuu mo cbopmyae (7.3.8) a18 
ipHMepa Ha cTp. 94. 

















TaGauya 45 
Pacuet KospuHUHEHTa KOPpeIRHnH 
-)>, fl» | | - 
Ph eee ae ee, Se ba peas 
5] : 25 | 2601 | 625 1 275 
67 | 30 ! 4 489 900 2 O10 
s4 | 43 7 056 1 849 | 3612 
81 | 4400 6561 | 1936 | 3564 
wl | by) | gonor 82498 
109 | 58 11 881 | 3 364 | 6 322 
71 | 43 5041 | 1849 3 053 
97 | 4600 9409 | 2116 | 4.469 
109 ! 62 | 11 881 3 844 6 758 
go | g981 | 2095 4095 
105 55 | 11025 | 3.025 5775 
89 44 | 7921 1 936 3 916 
S21'055 552 | 96.847 | 26 718 50.599 
| 
Orcw 1a 


12-50 599 — 1055-552 


of 12-96 347 — 1055? 12-26 718 — 5522 
= 24 828 _ 24828 __ 9 gag. 
Y 43139 VY 15912 26203 ,7 


— 


KosxPuUHeHT KOPpeJIAUHH MeKAY MpeMeJIOM BbIHOC/IMBOCTH H 
IpeJeNOM MpOYHOCTH CTaJIM OKa3aJICA BeCbMa BbICOKHM. OAHaKO 4H- 
co HaGwoneHuH (n=12) CAMUIKOM MaJIO DJA Toro, YTOObI STOT pe- 
SYAbTaT MOMKHO ObWIO CUHTATb BIOMHe HAaeKHBIM. 

Korga uncio Ha6JIOTeHHHM BeUKO, MaTepHas MosBepraercs rpyni- 
MHPOBKe HW 3aHOCHTCA B KOppeAUMOHHyIO Ta6suuy. B stom cayuae 
nmpHMeHHAeTcA mpeo6pazoBaune (5. 2. 4) : 





Ee oD , 
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mH KOQDDHUHEHT KOPpeAUHM BLIMHCAIAeTCH MeXKAY NepeMeHHbIM 3/ 
H xX’ 10 dopmyate 

nix’y’ rae Sx! Dy’ (7.3. 8’) 


y mux’ — (Xx’) V niy’ — (2y’) 


IIpeo6pa3opanue (5.2.4) He oTpamaetca Ha BelMUHHe KOIpou- 
UHeHTa KOPPeJIAWHH, NOSTOMY 


Tyo yt = 


Fg Paes (7.3.9) 
B caMOM ele, H3 ypaBHeHHh (5.2.4) nomyaaem 
X= Xi, re Cy, y= yi +C,; 
oTc1ola | 
X= Xiyt+Cy yo=wl+Cc; (7. 3. 10) 
== ivDx, y= iysy: (7. 3. ] 1) 
a ae 7 re ae. Fin fe 
eS eV Yale eA ey 
i n 
C.leOBATC.IbHO, 
FQ Y—H) — igle— EO PI") 
} el fe LO Negra Sed ieee ees ee Eee a a the — 
yy 


p> oF 


A yx —)(" ¥) 
it 


se eee ee ere 





es 
wy 


uTO H Tpe6oBaoch MOKa3aTb. 
Pacuet r Ha mpyMepe Ta67. 33 noKkasaH B Tabu. 46. 


nvix'y’ — Ex/ Ly" 





 —— Reet a Re ae an ni em 
Vi nie? — (ep Vo avy? —Cy'y 
50-34 — 25-7 


So es 0,639. 
y 20-65 — (25)? f 50-45 — (7) 





Jia 3€BHCHMOCTH MeXKAY BaOBOH NposyKuveH WH YMCJIOM OTpa- 
GCoTaHHbIX YesoBeKo-nHeH (cM. Ta6. 27) KoSPDPUUMeEHT KOPPeJALHH, 
paCCUNTAHHbIA aHaJOrHyHbIM MyTeM, OKa3aJicA paBHbim 0,653. 
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Tabauya 46 
PacueT Kos@uunenta Koppensuna r 







































































| a a a. vs > | Homepa cros6uos. 
dL , | i} 2/3 
ae ee ee (a wea ly’ iy” 
oy | : St ee =r 4 = Se ; aiiaaaa Vie hae ee 
ae BO. | ae. 3 6 | 12 
| | | | 
ater | ok tea Boe ean ore 
1p 400 Y 3 : 6 | 6 16 | 15 | 15 
Pe wheres te Meta, : | : 
| | | 0: O OL a 
0 % | 3 1 8 | 6 | 8 % | 0 | 0 
: ee btPee ge, i a | 
: | —5) —4; -~] ak alae ; 
=n 0 a ee 10 Peo 10 
Zo servis : ae fl 
2 10 2 | | 2 Ser. a6 
| | P| 
| oe 0 | 15) | 48 lo | 50 ! 7 | 45 
I Sas eh de ge | | 
! | 
. | Ax’ —10 | 0 | 1 | 20 | 25 | 
es ee ner ee eee reaver 20 
e j * ——— > = 2 
F : | | | 
313) Ax’ 10 oO 7; 6 | 4 65 
) | | | 
fo) | 
a Lymy’ -—-9 | —-] ! g | 8 7 
: 
| ‘Xs , | | - 
pS) x'Symy’ | 9 0 9 16 34 
| i i 





OTO 3HayeHve COBNaqaet, KAK H C.leOBaJ1I0 OXKUAAaTb, C BATHUH- 
HOH 7, PpaccCuYHTaHHCH pavee (cm. ctTp. 148), B npeanomo«weHHH 
NPAMOJIHHEHHOH perpeccHu. 


Kos*uunent KOppeauunn B cy4ae KpHBOJHHeAHOR 
3aBHCKMOCTH 


[Ip H3MepeHHH TeCHOTHI CBA3H Mbl OTBCUAEM Ha CWIeMYIOUMH oc- 
HOBHOH BOMpoc: B KakOl Mepe coG/oqaeTca crporan PyHKUNOHaIb- 
Had 34BUCHMOCTb B H3Me€HeHHH MepeMeHHbIX y uU Xx? OTBeTOM CAYKHT 
BBIMHCJIeNMe KOPPeTAMHOHHOrO OTHOWeHHS. Ecan yn wan yy; =1, To 
3QBHCHMOCTb @YHKUMOHAaIbHad; vem 6Ke HK HysO!, Tem favIbuIe 
nNepeMeHHble Y HW X YXOAAT OT PYHKUHOHAIbHOM 3aBHCHMOCTH. 


' TIpH Hannunn G6e3arpaHnyno Gonbuloro yncaa HaG6sogeHHi. 
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Bo MHOrHX Cly¥aaX Mbl MO2KEM, OMHAKO, YAOBMETBOPHTbCA Oouee 
y3Koli MOCTaHOBKOH BOMpoca, a HMCHHO MbI ClipalMBaeM: 6 Kakolt 
Mepe COOMOOAETCA CTPOZAAH NPONOPYUOHAASHOCTH B UBMeHEHUU Ne- 
P@MCHHOIX Y U x? 

Ha 9TOT BOMpoc oTBevaeT BbINHCMeHHe KOSPUUHEHTa KOPpesIsA- 
nun r. Ecru r=1 win r=—l, To 3aKmouator (mp SesrpaHHuHo Oodb- 
WIOM KOJMUeCcTBe HaG6slomenui) O CTpOroH MpOMOPMMOHAJIbHOCTH B 
u3MeHeHHH y WH X!. Uem One 7 K HY, TEM AaJibille MePeMeHHbIe 
y W Xx OT CTporo MponopuvoHambHoro w3MeHeHHA. B STOM CMBICJIE 
KOSPDHIUMEHT KOPPeIAWHH Ha3bIBAlOT MepoH MpONOPUMOHAaJIbHOTO 
H3MCHeHHA HIM Mepo Tak Ha3biBaeMOM cCNpAMAeHHOU SaBUCUMOCTU 
MepeMeHHBIX. OTOT cBoh cMbICA KoSPuUMeHT KOppeAWuM COxpa- 
HAeT H€3aBHCHMO OT TOPO, NPAMOJIMHeliHa HIM KPHBOUHeHHAa JelicT- 
BUTeIbHaA TeOpeTHYeCKaA JIMHHA perpeccHH y M10 X. 

OgHako B MepBoM cJlyyae KOISMDPUUHeEHT KOPPCVIALBU ABJACTCH 
OAHOBPeMeHHO HM MPaBHJIbHbIM H3MEPHTeJICM TECHOTHI KOPPC/IAIHOH- 
Hoi 3aBHcuMocTH. Bo BropoM xe CJlyyae BeM4HHa KOSpuUMeHTA 
KOPPeAALHH MOMKET OKAZATLCA BHAYUTEAOHO MEHUEe TEOPETHYECKOPO 


y 4 


Leucmbumensuaa qunua 
peepeccuu. 91 


e,4 om . . 
eo ese Tn Ps 
a7 o-. 


CnpaMnennan nurtug s 





Puc. 42 


KOPPeAAUHOHHOrO OTHOWeHHA, pacCdHTaHHOro B MpeAMoMOKCHHH 
KPHBOJMHeEHHOH 3aBHCHMOCTH, eCJIH NOCMeTHAA CHJIBHO HCKaKaeTCa 
B pesyIbTaTe ee 34MeHbI MpAMOH JMHHeH. Bo3MOxKHbI ake cJlyuan, 
Kora HPWH CMpAMJeHHH KPHBOMMHEHHbIX 3ABHCHMOCTeH KOIPDHIUHCHT 


1 Peub ugeT, pasyMeeTCH, He O MpONOpLHOHabHOCTH y H x, a O Mponop- 
ILMOHAJIBHOCTH HX M3MeHeHHH (mpupamennii) Ay u Ax. 
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KOPPeIAUHH OKa3biBaeTCA OIH3KHM K 0, B TO BPeMA Kak KOppera- 
IHOHHOe OTHOWeHHe 61H3KO K | (puc. 42). 

Ecau, OMHAKO, TeOpeTH¥ecKy!O JMHHIO perpeccHH MOXKHO npes- 
NOWaraTb HE CJIMIUKOM YKJIOHSIOWeHCA OT NPAMOTO HanpaB.ienns, 
HampHMep, eC/lIH OHA HM€eCT MOHOTOHHO BO3PaCTaWOWIHH HJIH MOHO- 
TOHHO yObIBaIOllMH XapakTep, MOMKHO NOMb30BaTECA KOIuUHeH- 
TOM KOPPeJAWHH IA MpeIBapHTeJIbHOH OPHeHTHPOBKH B CcH.Te 
3? aBHCHMOCTH. 

Mita, B Cly4uae KPHBONHHeHHOH 3aBHCHMOCTH BbINHCHeHHe Koacp- 
UUMEHTA KOPPeJIAUMH MOKET MpecseqoBaTb Wee LeU: 

1) xapakrTepHs0BaTb CTeneHb MpHOmMKeHHA KOPPeALMOHHOL 3a- 
BHCHMOCTH K QYHKIUMOHAaIbHOH MpAMOMHHeEHHOK 3aBHcuMocTH. 2ta 
Web BO MHOrHX TeOPeTHYeCCKHX BONpOCaX HMeeT BaKHOe 3HAUeHHEe: 

2) MaTb OpHeHTHpOBO"HOe mpencTaBseHHe oO TeCHOTe KOppevsi- 
IMOHHOH 34BHCHMOCTH. 

Ta WelIb HMeeT CepbesHoe NpakTu4ecKoe 3Ha4eHHe, Tak Kak BBI- 
UHCAEHHE KOSPPHUKEHTA KOPPeVIAUHH 3HAYHTeMbHO Mpolle, 4eM BbI- 
WHCeHHE 1 HM nr. Ilo sroli mpuunHe H3MepeHHe CBA3H MexKY Tepe- 
MCHHBIMH OOBINHO HaYUHAIOT C BbIUMCeHHA KOS@PMUUMeHTA KOPpesA- 
WHH MaKe NO HaxXOKTeCHHA JMHHY perpeccHH. 


Boiuucaenve MpaAMOM perpeccHH c MOMOLLbIO Tabb 
OCHOBHbIX MOKa3aTeJen 


Kos@OuuventT KoppeAauMH MpHHagmexuT Kk UHCJIY OCHOBHbIX 
CTaTHCTHYeCKHX MoKasaTewen. 
IIpH WsyweHHH MaTepvata no OnHOMy BapbHpylOWleMy MpH3HaKky 


(x) OCHOBHBIMH MOKa3aTeJIAMU ABJISIOTCA X UO. 
[ip M3yucHHH xe MaTepHasa No AByM Mpv3HaKam (x) 1 (y) 
TaOJIMWa OCHOBHDIX NOKasatesei comepxKHT CuleLywolUMe NMoKa3zaTeH: 


Ta6nulla OCHUBHbIX NOKaZaTeneh 


i « : 
ane Jy 


| 
y | 
| 
| 
| 





Pyuy 


Ae Stee, Jaden hems, eee ed 


ITH NOKa3zaTeH HapAy C SMNMpHYecKOl AMHHeli perpeccuu pac- 
CUHTBIBAIOTCA B MepBy!o OYepeb, MOCe STOO NMepeXOAAT K NOCTpoe- 
HHiO TeOpeTHYeCKOH JIMHHH perpeccuH Hw K Oomee TOUHOMy H3Mepe- 
HH!O TeCHOTbI CBA3H IPH MOMOUIH KOPpeJIAWHOHHbIX OTHOIICHHH. 

Mme TaOJIMuy OCHOBHIX NoKa3aTemel, JIerkKo paccuuTaTb mMapa- 
MeTPbl NPAMOH perpeccun y oO x 


Ves =". @ ot bx. 
158 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


3re OcyIeCTBIAeTCA C MOMOLLbIO POpMY.I 


b= r— (7. 3. 12) 


a= y — bx. (7. 3. 13) 


Popwyaa (7.3.12) BprrexaetT u3 cbopmywtnr (7. 3. 1). 

@opmyaa (7.3. 13)—H43 tepsBoro HOpMabHOTO ypaBHeHHsA 
Ly =na+b<Xx nocse AeeHHA Ha 2. 

IIpHMeHHM STH (OPMYJIbI K pacueTy MpAMOM perpeccHH AIA KOpP- 


PeJIANHOHHOH Taba. 27. ; 
OcHopypie noKka3aTesu Mb Nomyyaem 43 pacueTHOH TaO.. 41. 





x= 104,16, y= 107,62, — 
oy = 24,965, 90, = 23,128, 
ry. = 0,653. 


Orca 


23,128 9° 
en sae am 22) 
b = 0,653 94.265 == 0,6 


a = 107,62 ~- 0,622- 104,16 = 42,79, 





Vx = 42,79 +- 0,622x, 


uTO COBManaeT C YPaBHeHHeM, BBIUHCJICHHbIM paHee APyrHM CTOCcO- 
6oM. 
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[HABA VII 


COMPS KEHHDIE MOKASATEJIH KOPPEJIALLUH. 
CHUMMETPHYHbBIE CXEMbI JEMCTBAA ®AKTOPOB 


§ 1. COMPA SKEHHDIE NMOKASATEJIH KOPPEJIALLHH 


IIpH HCCJIeqOBaHHH CBA3H Me*KAy ABYMH MepeMeHHBIMH MbI pac- 
CMaTPHBasW OAHY H3 HHX Kak (yHKUMIO, Apyrylo — KaK apryMeHt. 
Bpi6op dyHKUMH H apryMeHTa oONpeneinetca wesleBOH yCTaHOBKOH 
licesleloBaHHA. Ec W3MeHeHve OHOH 3 BeJIMUHH ABJIAeTCH Mpu- 
UHHOH H3MCHeEHHA APYrou, TO, ECTECTBEHHO, IPHHATb NepBy!O B Kaye- 
cTBe apryMeHTa, BTOPylo — B KauecTBe yHKUHH, HOO Takum OOpa- 
30M HelocpeACTBeHHO MOXKHO MPOCAeAHTb BJIMAHHe MpHU4WHbI Ha 
calemcTBue. OnHakO HepeAKH culyuan, Korga o6e€ HaxXOAAWIHeCA B KODN- 
PeJIAIHH MepeMeHHble MOTYT PaCCMATPHBAaTbCA OAHOBPEMeHHO HU KaK 
MIDHUHHbI H Kak CJI€ACTBHA MO OTHOWeHHIO Apyr K Apyry. Tak, Ha- 
IIDHMep, H3BeCTHO, YTO yBetHyeHHe OObBeEMa TIPORYKUHH ABJIAeTCA 
(baKTOPOM, CMOCOGCTBYIOUIUM CHH2KeHHIO CeOeCTOHMOCTH H3JeJIHA 
(BCJICJICTBHE OTHOCHTCJIBHOFO COKPalleHHA TAK Ha3bIBAeMbIX TOCTOAH- 
HbIX HWJIH c1a60 MeHAIOULHXCH pacxonoB). Ho cuywxKenHe ce6ecTOHMO- 
CTH, B CBOIO OUePeAb, ABJIACTCH BeECbMa CYILECTBCHHOH NpeANOCbIIKOH 
VB@JIHUCHHA MPONSBOACTBEHHOH NporpaMMbl mpeanpuatua. Takum o6- 
pa3oM, KoppesisuHA (OOpaTHan) MexKAY OObEMOM IIPOAYKUHH HM YPOB- 
HEM CeOeCTOHMOCTH HMeeT JIBYCTOPOHHIOIN TIPHUHHHY!IO HalpaBvJieH- 
HOCTb. 

Bo MHOrAxX CyyanxX HH OHA H3 KOPPeMHPOBaHHbIX TIe@PeCMeHHbIXx 
He MOKET pacCMaTpHRATbCA KaK NPHYHHA H3MCHEHHA APyrou, a Kop- 
P@JIHWHA BOSHHKaeT Ha O6a3e OOWMX NPHYHH, COBMCCTHO BJIMAIONLUX 
Ha o6e nepeMeHHble. 

Tak, HaTIpHMep, NoKa3aTeau TBepAecTH cTamH mo BpHueusto 
TCCHO CBSIZGHbI C pesyAbTaATaMH HenbiranHh mo PoxBesay. OnHako 
M@KIY TCMH H JPYrHMH He CyUlecTByeT NPHYHHHOH 3aBHCHMOCTH, 
a KOPpeJIAWUA BOSHHKaeT Ha 6a3e CBOHCTB MaTepHaJla, OMHOBPpeMeHHO 
MPOABJIAIONLHXCA B TeX HW APYFHX HcMbITAaHuAX. TOUHO Tak Ke KoOppe- 
IAL, HadomawlladcA MeXKAVY POCcTOM OpaTbeB, He BbITeKaeT H3 
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TIPHUMHHOK 3aBHCHMOCTH M@KAY 3THMH MpH3HaKaMH, a ABJIAeTCA 
BbIPaKeHHeEM HaJHUMA OOMWLMX PakTOPOB HaCJIeACTBEHHOCTH H Cpe, 
OHOBpeMeHHO eHCTBYIOWMX Ha pocT 6patbes. Unu Kopperauua 
MexKAY WeHaMH HA ABYX KOJIXOSHBIX PbIHKaX MOMKeT B HeKOTOPON 
CTeNeHH OObACHATBCA HeMOCpeACTBEHHbIM B3AHMHbIM BJIHAHHeEM 3THX 
PEIHKOB, HO B OCHOBHOM MopoxMaeTcaA OOWMMH SKOHOMHUECKUMH yc- 
JIOBHAMH, OMPeAeJIAIOWIHMH PbIHOUHbIe IeCHbI. 

Hlajee 3aMeTHM, 4YTO B Mpoweccax, HaNpaBAAeMbIx K oMpeseseH- 
HOH WelM, MHTepecHa Takada MOCTaHOBKa BomMpoca, mpu KOTOpO! 
CJIEACTBHE ABJIH€TCA APryYMEHTOM, a IIPHYHHa — yHKuHelt. Tax, Ha- 
NpHMep, M@XK LY BbITYCKOM NPOyKUMA WH KOJIM4YeCTBOM NOTpe6eHHOrO 
CbIpbA Ha MpeANPHATHH MMeeTCA NPAMAA KOPPeJIAMMOHHaA 3aBucH- 
MOCTb. Cbipbe ABJIACTCA MPH 3TOM MATePHaNbHOH MpHyHHOlt BO3HHK- 
HOBeHHA MpOAyKUMH. OAHaKO HETPyAHO MOHATb, YTO 2KOHOMHUeCKH 
He KOJIMYeCCTBO CbIPbA ONpefeiAeT BbINYCK NMpOAyKUMU, a, Haobopor, 
NPOH3BOACTBeHHaA MporpaMMa NO MpOyKIHH onpegelaeT moTpeb- 
HOCTb B Cbipbe. IlosToMy 3fecb HHTepecHa MocTaHoBKa Bolpoca, npH 
KOTOpOH O6beM MpPOAyKUMH CLyKUT APrYMeHTOM, a KOVIHYeCTBO 
CbIPba — *PyHkuneH. 

Mb! BHM, TaKHM O6pa30M, 4TO BO MHOrUxX clydaax Koppeu- 
POBaHHbie MepeMeHHble PaBHOMPaBHbI C TOUKH 3peHHA ux BbIOOpA 
B KayecTBe apryMeHTa HM dyHKunH. Tlostomy, Hapayzy c BbluHce- 
HHe€M ypaBHeHHH perpeccuu, KOPPe/IAUHOHHBIX OTHOWIeHHI HM ApyrHx 
MOKa3saTeleH, XapaKTepu3ylOWNHX CopMy M TeCHOTY CBA3H Y NO X, 
MIpeACTABJIAeCT TakKe HHTepeC HW BbIUMCAeHHe AHAJIO“MYHbIX MOKa3a- 
Tee, XapaKTepH3yIOWINX (opMy MH TecHOTy cBa3H x no y. TaKue 
MOKa3aTeJId Mbl Ha3bIBaeM 63QUMHO-conpAMeHNoimMUu. Ha mpHmepe 
KOPPeIAWHOHHOH Tal. 26 paccuvTaemM COnpsKeHHble SMIMMpHyecKHe 
H TeopeTHuecKHe JIMHHH perpeccuH (Mpamble wu Napa6ouH BTOporo 
nopsaakKa). 

B ra6a..47 mpow3soqHM pacueT opfuHaT 2MnMpHyecKHXx JIMHHE 
perpeccHH H HaXOMHM BCe CyYMMBbI, HeOOxonuMble JIA COCTaBJIeHHA 
CHCTEM HOPMAJIbHBIX yPaBHeHHH MW pacueTa napameTpos. 


1. yy =a’ b'x’, 
3 = 200a’ + 98d’, 
208 = 98a’ + 6640’. 
Otcwra a’ = — 0,186, b’ = 0,416. 
Ilo @opmyaam (5.2.1) uaa us cdopmystnt 


Sp TAO = png yy RSNT 
ae ae 





NOyuaeM 


Vx == 787,1 + 34,666. (I) 
11 9. H. Jlyxomcxua 161 
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2. Ve eat Wx! + ex 
3=200a’ + 98b’ + 664c’, 
958= 98a’ + 664b’+- 1052c’, 
£0 = 664a’ + 10526’ 4+- 6508c". 


Orciosa 
a’ == —0,00394, b’=-0,4961, c’ =0,0675. 
M3 (bopMy.1Li 


ye 1410 x—17,7 





een ere: 
0, 


nowy uaem 
Vx = — 2258,645 + 373,217x — 9,375.x?, (IT) 


3. xy sa’ by’, 
98 =200a'-+ 30’, 


258 = = 3a’ + 5030’. 


Otciona 
a’==0,481, b’ =0,464. 


Ilo dopmyviam (5, 2.1) Han H3 CPODMy.IbI 





Pr re | y—1410 
nee = a’ -t- b e y— 1410 
0,6 50 
HaXxXOAHM: 
([a) 


Xy = 10,15 + 0,005586y. 


4. xy =a’ + by’ Le’y”, 
98 =200a’ + 36b’+4 553c’, 
2958= 3a’ + 553b’ — 243¢’, 
366 = 553a’ — 2430’ +- 5365c’. 


Ortciona 
a’ ==0,32527, b’ =0,4898, c’ = 0,05687. 
M3 ypaBHeHHun 
hy © oo ee ESTANOY Gp AIO 8 
are ee 50 sa 50 








0,6 
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nowyyaem 


y= 36,74 — 0,(3:6y +-0,C0001364y2, (Ia) 


« 
i. 


Opannatat TEOPCTHYCCKUX JIMHHH yKasanbl B Ta6a. 47.0 
1lo STHM OpAHHaTam cTpouM rpapuk COMpAXKeHHBIX sMtHH pe- 
rpeccnn (pic. 43 a, 6). i 
O6paTuMca K aHann3y sTux mnHHi. : 


IIpexae Bcero 3aMeTuM, 4TO yxe caMBIii (bakT cyllecTBoBaHna 
PasAUudarouUuxcA MexKAy coOoh conpsAxKeHHEIX HHH perpeccuy ap- 
JHETCH OCOOCHHOCTDIO KOPpeAALHOHHOM 3aBHCHMOCTH. lpaduyeckoe 
us06paxkenne PyNKYUOCHAASNOU 3aBHCHMOCTU He MeHHeTCH, OT TOrO, 
OTHOCHTCIBHO KOTOPOH H3 ABYX MepeMeHHBIX pellleHo ypaBHeHHe, 
T. €, Kakan MepeMeHHad CuMTaeTCA apryMeHTOM H KaKaad — (byHK- 
uve. Conps2KeHHble ypaBHeHua NowyyaloTca 3necb OHO u3 Apyroro 
TOMKACCTBEHHBIM Mpeoc6pasoBpaHnem. 

Mexyjy TeM AJIf KOppenAuHOHHOM 3aBHcuMocTH BhIOOp apryMeHTa 
H @YHKUMH MeHAeT rpaduK perpeccun: COMPS2KeHHbIe yYPaBHeHHA He’ 
MOryT ObITb NOJYueHbI OAHO 43 APyroro TORKAeCTBEHHEIM npeo6pa3o0-~- 
BaHHeM. OHH CYLIECTBEHHO pa3JIMUHbI WIM, Kak rOBOPAT, HeoOparTumot. 
EcJlH MbI COMOCTaBHM IpHpallenua a6cuuccn A OpHHAaTHI Ha corpa- 
*KCHHBIX JIMHHAX PerPeCCHH, TO YBHAHM, 4TO y H3MeHAeTCA'’ NO OTHO- 
UICHHIO K X 3HAYHTeIbHO OblcTpee Ha BTOpoH aMHuU (x MO y), 4eM 
Ha nepBow (Y no x) (cM. puc. 43). | | | 

TakHM O6pa30M, Mbl BHM, TO H3MeHeHHe MpH3Haka 3ameo- 
AKe€TCAH, KOTMa OH BbICTYNaeT B KOPPeAAWHOHHOK 3aBHCHMOCTH: Ha 
mpaBax PyHKWMH MO CpaBHeHHIO C H3MeHeHHeM ero Ha mpaBax apry- 
MeHTa. ITO ABJeHHe MOET ObITb Ha3BAHO 3QKOHOM peepeccuu. 

B 3akoHe perpeccuH novlyyaeT o6bACHeHHe TEPMHH: «AUAUU 
u YpasHeHuA perpeccun» !, | | 

CywHOcTb STOrO cBOeo6pasHoro 3aKOHA YACHAeTCA M3 CHeEMyOWAX-. coo6- 
paxkeuHi. Crenyet, Bo-nepBbiX, HM€Tb B BHAY, 4TO CONPAKCHHbIe AHHHH perpec- 
CHK Pa3IH¥aloTCA MexAy co6oh mo cmpCcaAy. a ee 

BHEWHeEH CTOPOHbI OYeBHYAHO, UTO MepemeHHWe x ti y HepaByonpaBun 


B ypaBHeHHAX CONMPAKeHHEIX AHHHH. B neppoh mmunn (y 0 x) x ABIACTCA HH- 
AHBHAYaJbHBIM 3HaYeHHeEM MIpH3HaKa, B TO BpeMA KaK y BICTyNaer B BHZe 
COOTBeTCTBylOlleH eMy rpynnosoh cpenHel (y,). eaten Eng 
Bo stopoi annuu (x no y) y aBanetca HHIMBHAYaIbHBIM 3HaYeHHeM MpH- 
3Haka, a X—rpynnoso cpeguelt (xy). . a ee 
PacxokeHHe M@KAy CONPAXKCHHKIMH JIMHHAMH perpeccHH OKa3biBaeTca, < 
(POpMaIbHOH CTOPOHHI, BO3MOXKHbIM NOTOMY, YTO HX ypaBHeHUA CBA3HIBaI0T pa3- 


AMMHBIC MepeMeHHHe: Nepsoe ypaBHeHue —y, HM xX, BTOPOe—xy uy. OnnaKo 


1 3akoH perpeccHH 6b Bnepphle OG6Hapyxen anurauiicKumMu OvoMeTpHkKaMH 
MPH H3y4YeHHH MeTOAaMH KOpPpeAWHH BONMpOCOB HaCJeAcTBeHHOCTH. OgHaKo 6u0- 
MCTPHKH QavlH STOMY 3aKOHy HeNpaBHJIbHOe HM CaydaiHoe ucTomKoOBaHne. ’B cBa- 
3H C STHM, MIP€AOKCHHEIH WMH M BOWIE BO BCeObIee ynoTpebreHHe TePMHH 
“yPaBHERHe perpeccHH> MpH3HaBalicA HeyMaqHbIM. B wHauwei antepatypé 6b 
MPeMIOMKEHHA O 3aMeHE STOTO TepMHHa ApyrMMH, Kak, HanpHMep: «ypaBHéHne 
MPOrpeccHH», <KOPPeJIALHOHHOe ypaBHeHHe» wu Ap. Mbt nonaraem, 4Td pu npa- 
BUJIbBHOM IICHHMA@HHH 3aKOHa perpeccHH HET HEOOXOQHMOCTH MCHATb TepMHH. - 


11* 1633 
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PACYUET CONPSAYKEHHDIX MOKASATENEM 
































































































































Gea fitaae ee. oe Oh ee es Seer als 56 
x 
e ts,3 | 15,9 | 16.5 | 17,1 | 17,7 | 18,3! 18,9 | 19,5] 20,1} 20,7] 21,3! 
y | 
7 3) (5 | | | 
5 | 1660 | | | | | | 
| se les ae : | “5 
1 | 1910 ee lee Ale esac echt 
=i | ~2) 3 1) (3 | 6) (9 | 6) a 4) i. | 
a ee | | : oe ae 
~ | 7 al (6 | 8) (16 116) (6/16) ao 8) (4 | 
af | | le be 
~ 14) (2| 6) (6 | (13 :([17) (17 6) | 6) 2 | | 
7 1460 | | | | | 6 | 13 | 17 | 3 | 2 | aes | 
“— jes eae (a 9%) |9) | 4) | 
Jue P| Pel we PP PL 
| ; 20) (10) - 7 (—2| (-12 |) (- a) 4 4/3) (- i (15) (1 
A, 1360 | f | 12 aed 
anal | —6) (41-10) (-10] 1) (~2 = See 23) (214) (2 . 
anit cape | ~9) (—9|—4) (—6|—2) ( SG 3) (—3 
—3 | 1260 | ' Me fee ie iF a | | | | 1 | eo se 
a —4) (—4|—3) (—4 Hit! qaah | 
4 1210 | cae a | MN _ | | | 
—5 | 1160 | | | ae, 




































































an 
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ao 
bho 
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Oo 
o 













































































x 25ymy' ~-64 | —153 —84 | —13 : | 144 
- hx" | = on | —44 | -27 | 0 |) 41 | 64 | 51 | 24 | 5 | 8 | 
i | ae | | a6 | se | gs (| a7 7 0 at [128 | 153 | 96 | 25 | 36 

al hx’? [ae | —64 | —162 | —176 eee , 0 | 41 | 256 | 459 | 384 | 125 | 216 

| nate | 256 “| nets | 256 | 486 | 362 | 2 ! o | 41 | st 1377 | 1536 | 625 | 1296 

|, | az ; | 1210 | 1268,5 | 1362.0 | 1386,0 | 1403, 5 | 1439,5) 1444,5| 1443,5] 1360 | 1610 
me | 1317,49] 1338,29| 4359,09] 1379, go| 1400,69|1421,49|1442. as eae 
a a 1239, 35| 1305,41] 1347, og| 1382 02) 1 1410, ,20|1481 63)1446, 3i|4s4 al ass, ao|n4sa, 14|1437, 53 
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Tabauya 47 
YMPYFOCTb—PA3MEP 3AMKA 
OT? | yma y y'Eymx' | y' BE amx' | ly’ | dy’? | dy’? | dy | oxy ay |e 






























































1 | 3 | 3 | 15 | 75 | 5 | 25 | 125 | 625 | 19.50] 19,40 20,20 
1 | 6 | 6 | 24 | 96 | 4 | 16 | 64 | 256 | at.ad 19,12 ots 
8 | 15 | 1,87 | 45 | 135 | 24 | 72 | 216 | 648 | 18,82 18.95 19,06 
26 | 47 | 1, 80 | 94 | 188 | 52 | 104 | 208 | 416 | 18,75 18, 51 18,60 
43 | 19 | 0,44 | 19 | 19 | 43 | 43 | 4s | 43 | 17,96| 1,25] 18.21 18,21 
49 | 32 | 0,65 | 0 | 0 | 0 | 0 | 0 | 0 0 | 18, og 18,01] 17,88 
40 | —3 | 0,08 3 | —3 | -— 40 | 40 | — 40 | 40 | 17,65 | 17 3 1762 17,62 
18 | —4 | ~0,22] 8 | ~16 | —36 | 72 | ~~ 144 | 288 | 17 57| 17 as| 17.4 17,43 
9 | —12 | ~1,33| 36 . | — 108 | -—27 | 81 | — 243 | 729 | 16. so 17.17] 17,32 
4 | ~—§8 | —2 | 32 | — 128 | —16 | 64 | — 256 | 1024 | 16 s 16 a 17,26 
Z o | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 0 | 17,70 16.61 17,27 
: 1 | 3 | 3 | —18- | 108 | —§ | 36 | —216 | 1296 | 19,50 16,33 17,35 
200=n | ae | | 258 =« | 366= | 3a | 553 == | -263-| §365 = | | | 
Bety’s | = Ex’; [aix'y's | =Ex'y'3; | aby’; |niy =Ey!3; j=Ly’s; | | 
258—Ex'y! 
| 80~Ex'8y’ 
98= Ex’ 


] 
Tpumeuvaune. B aeBhX BepXHHX yraax KaAeTOK TA6AnnLF 
664— Sx. CTORT NPOHSBeAeCHHA YACTOTM KAeCTKH Ha COOTBETCTBYOWHe x’. B upa- 
| BLIX BEPXHHX yrAaX—NPOHSBeAEHHA YaACTOTH KHeTKH Ha y’. 


1052< Lx'3 





6508214 
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Nogo6HOe OpMabHOe OOBACHeHHE He paCKpblbaeT BHYTPCHHHX TIPHUHH pac- 
- XOM ACHHA. | ; 

Ilo cyecTBy Ke 06a ypaeHeHuA perpeccuh CBASBIBAIOT rpynmnmopble cpednue 
sHavenun x H Y, HO MlepBpoe ypaBHeHHe NOWyYeHO Ha 6a3e 2epynnuposku mMaTepua- 
au no npusxaxy x. Tlo sro mpwunve B NepBOM ypaBHeHHl rpymmopble cpesHHe 
NO MIpH3sHaky X COBMaMaloT C HHAMBHAYaIbHEIMH 3HaveCHHAMA X. Bropoe ypaB- 
HeHHe mowyueHO Ha 6a3e rpyMiMpoBKH MaTepHata MO MpusHaKy J. Tlostomy 
rpynnmopble cpeqHve MO NpH3Haky Y 3feCb COBNAaAAIOT C HHIMBHAYaJIbHBIMH 3Ha- 
UCHHAMK Y.- 

TlepemeHa npvsHaka rpynnupoBKu BeweT K H3MCHCHHIO COOTHOWMCHHA = Me- 
KY TPyNNOBLIMH CpeAHUMH. 

Jaa myuilero yaCHeHHA 9TOTO BaKHOFO NOMOMKEHHA 3aMETHM, UNTO MeTOL 
perpeccHH ABMAeTCA YaCTHBIM CAy¥aeM 6oulee O6tlero mpHeMa, H3BecTHOTO NOA 
Ha3BaHHeM MeTONa Naparrenbnoix pxdos. On SOCTOUT B CileyIOIleM: 

a) NPOW3BOAMTCA TpyNMKpOBKa MaTepHasla MO HEKOTOPOMY IIPH3HaKy @, 

6) B KaxkOM rpyiMe paccuuTblBawoTcd CpeAHHe sHaveHHA NO Xx H no ¥; 

B) PAH 9THX CpeAHHX COMOCTABJAWTCA Mey co6OH JIA YACHeHHA 3aBH- 
CHMOCTH MexKY Y 4M X. 

Tak, HaNpHMep, MOXHO NONYINTh 3aBHCHMOCTb Mey POCTOM H BecoM 
WIKOJIbLHHKOB, eCJIM: a) Pa3rpynMmnpoBaTb MaTepHadl NO BO3pacry, 6) B Kak OH 
pospacTHOK rpynme paccuHTaTb cpeqHHii pocT MH CpeAHHH Bec, B) CONOCTABUTb 
Mexay copol WBa pa CpeAHHX, CNeAA 3a MapaeIbHBIM H3MCHEHHCM 9TH 
WoKka3zaTevcn. 

TIpw foctaTouHO 6ONbUIOM YHCe HaOJOeHHH MOMKHO CUUTATb PpynnOBble 
cpeuve mo x H MO y TOUHBIMH PYHKUMAMH 2: 





i ¢ (Zz) 


a (8. 1.1) 
ve> 4) 


Ypasnenna (8. 1.1) aBaaioTcd ypaBHeHHsAMM perpeccHH x NO 7 Hy HO %. 


B HHX BbIpakaeTCA 3ABHCHMOCTb MCKAY Yz U Xz B Tak Ha3bIBaeMOH MapaMerT- 
puHyeckoH opme. 


IipenctaBaasd 9TY 3aBHCHMOCTb B ABHOH popMe (TaM, re 3TO BO3MOXKHO), 
nomyyaem 


| ye=F (2) (8. 1. 2) 
HJH 


Xe f (ye) (8. 1. 2’) 


f7'—oyuxuna, oOpatnan f, cleqoBaTewbHO, yDaBHeHHA (8.1.2) nu (8.1.27 
o6paTumol, T. e. MGAyualOTCA OHO M3 Apyroro TORKAeCTREHHEIM mpeo6pa3o- 
RaHHeM. 

Tak, HampHMep, 43 AByX ypaBHeHH perpeccuu — pocta No BospacTy UH Beca 
110 BO3pacTY — MOXKHO .MOAYYHTh 3aBHCHMOCTb CpefHero pocta OT cpeAHero Beca 
H O6paTHo — cpegHero Beca OT cpeAHero pocta. 

OuepuHo, 4TO ecAu nOAGeaTb @ OCHOBY epytinupoGKu pasAudnole NpusHa- 


KU 2. TO SQBUCUMOCTb MedCOY YzUu Xz MOIKeT CYUWECTGERHO CUOOUZMEHATOCH. 

B camMom ene, ypapHenna (8.1.1) B cxeme (A—M—H) moxkaspipawT, kak 
H3MCHAIMCh Obl NpH3sHakH xX u Y B CBASH C H3MCHeHHEM apryMeHTa 2, CCIM Obi 
(poune He3aBHCHMO OT Z AelCTByIOLHe cbakTopb GblIH 3akNeNeHbI. — 

CnenopatenbHo, ypapHenua (8.1.2) wu (8.1.2’) moKka3sIBaloT, KakoBa Ona 
Ohl 3ABHCHMOCTbh MeKAY y HX, CCH Obl OHA CKNAAHBalach NOM HCKIOUHTCJIBHEIM 
BAKAHHeM H3MeHeHHA cbakTopa z (ecu Obl NpOde HESABHLHMO OT 2 mevicTBylo- 
He akTOpH He W3MeHAHCh). Ho nockoJIbKy cooTHOIWeHHe H3Me€HEHHR X H Y 
Ke NOCTOAHHO, @ 3aBUCUT, BOOOWe 2OBOPA, OT NPL pOOs Npw3sHaKa 2, NOM BAMA- 


HHeM KOTOPOrO 9TH H3MeHEHHA MPOUCXOAT, TO ACHO, YTO 3aBHCHMOCTh Me*KAYy yz 
1) Xz MOMKET OKA3aTbCA UHOH MPH PasHbIX Z. 
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Tak, 3aBHCHMOCTb Mex AY POCTOM H BeCOM, eCIH Obl OHA CAOKHMACh UCKIO. 
HhT@IBHO B CBA3H C H3MCHCHHEM BO3pacTa, BbIrAAea Obl MHaYe MO CpaBHeHHIO 
¢ TEM, KaK eCC/IH Obl 3TA 3ABHCHMOCTb COKUNACh MPH NMOCTOAHHOM BO3pacTe B 
CBA3H C H3MeHEHHeM Apyrux dakTopos, HanpHMep pexkumMa nuTanua (H3MeHe- 
Hue BOspacTa MOET CHAbHee OTPa3HTbCA Ha POCTe, peKHM "IHTAHHA — Ha Bece). 

IloqTBepAHM 93TH COOOpakenHuA MaTeMaTHUecKHM pacueTOM. 3aBHCHMOCTb 


MCKAY CPeMHHMH Yz HU Xz B CIPAMCHHOM Bude MOKeT GOvITD BbIPaxKeHa cop- 
MyIOH y,—y=k (x,—x) waH TOK WecTBeHHO' :popmyaoit (x2 — x) = Ry (yp —~y), 


l 
rae Rk, ---—. 
k 
Kosppunneuti k uw Rk, moayyawrca uz ypaBHeHuh NPAMbIX perpeccuH y 


NO r HX NO F NVTCM TeAe@HNS ONOrO YPaBHCHHA Ha Apyroe 


Go 
ss : y re 
Ye VY -Fye 5, (@—2), (8. 1. 3) 
Xy—X yy (2 —2), (8. 1. 4) 
Otciona 
vey tye 8 
Gee ae, ae 
Vy —— XK Vy, Ty 
H (8. 1. 5) 
he a Og 
] 
R Lyzty 


H3 NOCACANHX BbIPAKEHHH MOXKHO CeaaTh BbIBOA, ITO 4eM Oonrpue mec- 
HOM CNPAMACHHOU 3abUCUMOCMU NpU3sHaKA Y OM NpU3NAaKA epynnupoBKU z 
U 4M CAQOCE MECHOME CNPAMACHHKOU gasucusaocmu x OM zZ, MeM HoOAbIE KO- 
spguguenm ku menowe k,. 


Ypapyenua perpeccnuu y no x HAM xX TO Y MOMHO PpacCMaTPHBaTb Kak COOT- 


HOM@HHA MeK AY Xz H Yz MAA TOTO YaCTHOrO C/lyYan, KOra TpymMmApoBKa MaTe- 
} Halla MPOH3BOMUTCA NO MpH3sHaky x M60 No NpusHaky y. HM stak Kak mpH nepe- 


MeH€ MPH3HAKa TPyNMNHpOBKH COOTHOWeHHE MeKAY rz H Yr BHAON3MeHACTCH, 
TO OTCIOAA MOHATHO PaCXOMMeHHe MeKAY CONPAXKeHHBIMH JIMHHAMH perpeccns. 

B mepBoM c1y¥ae a6comoTHad BemnuuHa KOoPPHMNeHTa KOPPeALLHA Me- 
Ky XM 2 MOCTHTaCT MAKCHMAJIbHOM BeMMUHH! (/7rz1== 1) w 3aBemomo Goble 
aOcOJIOTHOH BeNHUHHbI KOIpPuunenTa Koppeaauun MexKIY Y H Z, BO BTOpOM 
cayyae — Hao6opot !, 

3aMETHM, UTO NOHATHIO apryMeHTa Tak Ke, KaK H NOHATHIO (PYHKILHH, MOXKHO 
HDHAaTb B CTATHCTHYeCKOM HCCJIEQOBaHHH BOAKHI] CMbICA. B nepBoM cmpIce 
(J10Ba, Mbl Ha3blbaeM, KaK 3TO OObIMHO MPHHATO B Ma@TeMaTHKe, apryMeHTOM Ty 
3 NepeMeHHbIX, 3HAUCHHA KOTOPOH HaMH 3aalOTCA, T. @. DacCMaATPHBAIOTCA B 
Ti060M No *Keanulo nopasKe. 

PynkineH %#®e MBI Ha3bIBAeM MePpeMeHHY!O, 3HaueHHS KOTOPOH paccMaTpH- 
BaloTCA TaK, Kak 9TO ONpeAeeHO NMOPAAKOM paCCMOTpeHHA 3HAaUeHHIi apry- 


" B cayyae ecu 2 eOuncTeenHolui paktTop, o6ycaoBaAnBalounit KOppeALHIO 
MexKIY x H Yy (CM. Clleq. Naparpad), coorHomenne (8. 1.5) mpeppalaetca B 
ypaBleHHe TaK Ha3bIBaeMOH e€QHHOH JIMHHH CBA3H, Mpemaomwennoe A. A. Kontwo- 
COM (CM. CTaTbIO B COopHHKe «Bonpoce cTaTHcTH4ecKoro H3MepeHHs CBAB3elt 
MOEKLY ABJCHHAMH>, Tocnaany3izat, 1950). 
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MeHTa. ApryMeHT H (YHKUHIO, B 3TOM CMBICIe cOBa, GyeM Ha3blBaTb qop- 
MUAONOLMU, 

Bo BTOpOM CMBICJIe C10Ba, apryMeHTOM ABAAeTCA TOT MIpH3HaK, NO KOTOpOMY 
npouzsodurca epynnupoeka Matepvana. B oranyne or (OpMasbHOTO apryMenta 
STOT MpH3Hak 6yeM Ha3biBaTb CTaTucTudeckum apeymexTom, Vinaue ero Ha3bi- 
BaloT CTATUCTU4eECKUM noOneHaium. CTaTucTueckod dynKyuell 6yMeM Ha3bl- 
BaTb MPH3HaK, MO KOTOPOMy BHIMHCIAIOTCA CpeqHHe MOKasaTeu! aan KaxKO 
rpynnibl noAsekallero. ITH cpeahve HOCAT Ha3BaHWe crarucTuuecKoeo cKa-- 
3yeMmozO, 

Tloustua cTaTucTuyeckoro Hw dopMabHoro apryMeHta (HH (yHKUHH) He 
copnagawtT. B ONHOM H TOM Ke HCCeqOBaHHH Mpu3HaK OMHOBPeMeHHO MO KeT 
ObITh OPMaNbHEIM aPryMeHTOM HU cTaTHCTHYeCKC!i dyHkuveh Hw Hao6opor — 
(opMaIbHOH dbyHKuHeH mM CTaTHCTHYeCKHM apryMeHToM. B KOPpeJIALLMOHHOM 
HCC€MOBaHHH MpPH3Hak xX OyeT POpMa/IbHHIM apryMeHTOM, eC1H MBI 0 cpeHHM 
SKAYCHHAM Xz ONpeeaeM cpefHHe 3HayeHHA yz. OH 6OyneT cTaTHCTHYeCKHM 
ApryMeHTOM JIMUIb B TOM CJly¥ae, KOrZa MO HeEMy MpOu3BOAMTCA rpynnuposKa, 
T, @. Kamada CpeQHAA Xz BbIUHCAAeETCA H3 OOUHAKOBDIX CMEeDCHOIX BHQ4eHUI X. 

PaccmotpuM npxMep. B mpouecce usroToBeHua NOpUHeBHX KONeL vipyrnue 
CBOHCTBa KOJIbla peryHpyloT MyTeM H3MeHeHHA pagMepa 3aMKa. Tlostomy 
P€UIaWT BONpOC O PasMepax 3aMKa, BeYULHX K KeTAeMBIM 3HAUCHHAM BeHUHHEI 
ynpyroctu. [Ip Tako noctaHoBke Bompoca ynpyrocth (y) sBaserca Pop Mavb- 
HbIM aPryMeHTOM, @ pa3Mepbhl 3aMKa (x) — opManbHol dynKunelt. Tlostomy 
CleyeT OTNPABAATLCA OT ypaBHeHHA 


Xz =f (¥2)- (8. 1. 6) 


Ilo KakoMy *Ke mpH3Haky (Z) Aaa sTOTO yparHeHHA CleLyeT MpOH3BOAHTb 
rpymnuposky? 

TipakTHyecKkH MBI HeTOCpeAcTBeEHHO pacnopaxKaemca pa3MepaMu 3amKa, Cae- 
AOBATebHO, MWapTHIO KOvIell MbI MOXKEM FpPyNNHpOBaTb BAM KOMIMeKTOBAaTb 
TOMBKO TO pa3Mepy 3aMKa, OTOHPad HyXKHBle HaM pa3sMepst. Orcioga cuemyer, 


uTO B ypaBHeHHH xz= (yz) CTaTHCTHYeCKHM apryMeHTOM JODKeH OHITb pa3- 
MEP 3AMKQ Xx. 

Mtak, olenka Tpe6yemoro pa3Mepa 3aMKa OmKHa NPOH3SBORMTBCA NO nep- 
COMY CONPAKeHHOMY YyPaBHeHHIO perpeccHH 


Vx = f (x), 


pewax ero OTHOCHTelbHO x (B HalleM cayyae no ypaBHeHHio y, = 787,1 -+ 


+ 34,6661 nan y, = — 2258,645 + 373,217x« — 9,375.22, pemenuomy oTHocn- 
TeEAbHO x). 


Ilo sTOMY ypaBHeHHiO MbI HaxOnuM Ppa3Mep 3aMKa (+), BeRYUHH K xKe- 


1a€MOMY CpeQHeMy 3Ha4eHHIO ynpyrocTH (y,). 
Vcnoab30paTb Aaa avadOrM4uHol Wer CONnpsxkeHHbe ypaBHenua 


xy = 10,15 + 0,005586y 
HAH 


Xy = 36,74 — 0,03264y + 0,00001364y2 


Mb He MOXKEM, TaK Kak MpaKTHYeCKM HeOCyUleCTBHMa IpyNNHpOBKa MaTepHaaa’ 
0 YNPyrocTH B YCOBHAX, KOr1a MOCMeAHAA HeMOCpeACTBEHHO He ONpemessetca,. 
a peryupyeTca pa3sMepoM 3aMKa. 


1 Han apyrue o606uaounme nokazatean. 
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PacxommenHe MeKAY POPMAJIbHBIM H CTaTHCTHUeCKHM APFyMeHTOM MBI Il0- 
AYUHM H B npHMepe 3ABHCHMOCTH Me@KY OObeMOM MpOMYKUHH HK KOJIHYECTBOM 
NOTpe6HOrO CBIPbA H B APYrHX CayyaAX MPaKTHYeECKOTO HCHOIb3OBaHHA YyPaB- 
HEHHA CBA3M B WeIAx BOSZelicCTBHA Ha TedeHHe ytkInn. 

O6paTumca K pacCMOTPeHHIO COMPAKEHHBIX moka3aTesen TeCHOTbI 
cBa3H. OueBusAHO, YTO KOIPDHUHEHT KOPPEJIAWHH f MeKAY NpPH3Ha- 
KaMH X HM Y He 3ABHCHT OT Toro, Ha MecTe JIM apryMeHTa WIM Ha 
MecTe (YHKUMH OKa3alaCb Ta WH WHaA TepeMeHHad. ITO BbITeKaeT 
u3 popmyan (7.3.5), (7.3.6), (7.3.7) aa Kosppunnenta KoppeasA- 
IHH, KOTOPbIe BIOJIHe CHMMCTPHYHbI OTHOCHTCbHO MePpeMeHHBIX X H Y. 

tak, ryy=lyy =, T. &. COMPMKCHHBIC KOMPPHUMEHTHI KOppesa- 
WHH papibl. Panee MbI onmpeeJHJIA KOSPMHUNEHT KOPPeJIALHH MexK- 
Ay y WX Kak MoKagatedb, OTBETAIONIMH Ha BOMPOC: Ha CKOJbKO CHIM 
B Cp@MHeM H3MeHACTCH Y MpH YBeAHUCHHM xX Ha OJHY curmy? Compa- 
MKCHHHILN KOIPMUUNEHT KOPPeIAWHH OTBeYAeT Ha BOMPOC: Ha CKOJIbKO 
CHrM B Cpe@AHeM H3MeCHSHeTCA X Tp YBeIMYeHHH Y Ila OAHY cHrMy? 
V3 papeHcTsa COMmpAKeHNbIX KOSPPHUNCHTOB KOPPCIAWHH CeAeT, 
uTO Hapsgy c dopmysiol (7. 3. |) 


r==b,-——, (7.38.19 


roe b,—Kospdunvent perpeccuu x M0 ¥. 


Heparencrzo [r| < 1 NoKa3bipaeT, uTO cpeOHee Uu3MeHeHUe (DYNK- 
Wu MeNDULE UZMeHeHUA ApeyMeHTA, eCAM 00a NPH3HaKa BbIPAKeHbl 
8B CPaBHHMBIX efuNHuNAX (curMax). 

B sTOM Apyran (opMa BbIPaKeHHA 3aKOHA Peepeccuu. 

M3 mopmya (7.3.1) u (7.3. 1°) caenyer, uTo 


(22.00; (8. 1.7) 


WH npousBedeHue CONPAMKEHHOLX KOIPPUYUeHTOB peepeccuu PABHO 
Keadpary Kosp@uyuenTa KOppeAN UU. 


B csyuae, Kora r=7£1, T. @. Korma HMCeT MecTO TOUHAA Ipo- 
HOPWHOHAIbHOCTb H3MCHCHHA X H Y, Mbl NOTY4aeM H3 MOpPMYVJIbI 


(8. 1.7) Omer . Sto 30a4gnt, UTO Ip 7 == +1 conpsxKenhbie MpsAMbie 
} 


perpeccun counanaioT. Uem MeHbive aOco.0THaA BeMYMHAa KOIu- 
IMCHTA KOPpeJIAIHH, TEM OoOJIbIle Ppacxo*KMeHHe Mey CONPAKeH- 
HbIMH MIPAMBIMH perpeccuH, TeM B Oomee peskoH PopMe MpoABAAeTCA 
3aKoH perpeccun. IIpu r=0 compsKeHNble NpAMble perpeccHH B3aHM- 
HO-MepieH/MKYAPHbI, Tak Kak H3 cpopmysp (7.3.1) 4 (7. 3. 1’) 
cilelyeT, 4TO B 9TOM cayyae 6 u by paBHb Hysto (px. 44), 
3aMeTHM TakKe, TO COMpAKeHHbIe KOSPDHUMEHTHI perpeccuH 


A7O 
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6b u 0) HMeIOT 3HaK, COBMAMalOWH CO 3HaKOM MIpH r [Kak 9TO CilenyeT 
u3 dopmys (7.3.1) u (7.3. 1°)]. Mostomy 6 u 5; Bcerga UMeIOT 
ONMHaKOBbIe 3HaKH: OHH JIMO0 06a MOJOMKUTEIbHbI, WHO6O 06a OTpH- 
WATeJIbHbI. 





Puc. 44 Puc. 45 


Ecau KoopQuUMeHT KOPpeIAWHH He 3aBHCHT OT TOO, Kakaa H3 
Me@PeCMeHHbIX CTOMT Ha MeCTe PYHKUMH H KaKad Ha MeCTe apryMeHTa, 
TO KOPP@JIAWHOHHbI€ OTHOWeCHHA y To x U xX HO y (TeopeTHyecKHe 
H SMMHpHyecKHe) ABJIAIOTCA B CJIYYae KPHBOJIMHeCHHOH 3aBHCHMOCTH 
Pa3HUHBIMH NWOKa3aTeJIAMH Walle BCeLO Nyx H Ary OJIM3KH Apyr 
K [pyry; O0HakO BCTpeyaloTca CJlydau u Oo/blloro pacxowKTeHHA 
MexTY HHMH. He uckKIo“eHa Wake BO3MOXKHOCTb O.1H30cTH K | OF- 
HOFO H3 COMNPAKECHHbIX KOPPCJIAWHOHHBIX OTHOLMCHHH H OMHOBPeMeHHO 
Onusoctu K 0 — gapyroro. Tlogo6Hnli cryyah u3s06paxken Ha puc. 45. 

Heo6xoauMo, CJIeAOBaTeJIbHO, Pa3IHYaTb TeECHOTY CBABU Y NO x 
ux nO Y. 
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IIpu Nye = Nyy =O CONPAxKeHHbIe JHHHM perpeccuH mpespa- 
UlaloTCcaA BO B3aHMHO-MepneHAWKyAapHHe mpampie. [pu 4, = 
= 7, = 1 MMeeT MecTo coBnageHne O6eux sMBHA perpeccHit. 


I]pHBoqHM pacy¥eT COMPAXKeHHbIX KOPPCAWMOHHDIX OTHOWEHHH, 
IMIIMPHYeCKHX H TeOPeTHYeCKHX, AIA 3aBHCHMOCTH MexAy ympyro- 
CTbIO H Ppa3Me€pOM 3aMKa MOPuINeBbIX KOMem (cM. Tab. 48). 

COmpAXKeHHbI€ KOPPeIAMHOHHbIe OTHOWCHHA OKa3aquCch 6AH3KY 
Me@2*K IV co6or 


Nyx —— 0,5 ] ig "ety = 0,557, 
ConpsxeHHbie TEOPETHYECKHE KOPPeJIAMMOHHbIe OTHOUICHHA LF are 


H “ryjy, PACCUHTAHHble B MpeANOOKeHHA MPAMOMMHeEHHOH 3aBHCh- 


MOCTH, JOJDKHBI ObITb PaBHbI KOZPuLWHeEHTy Koppertnunn r=0,440. 
ColmpsKeHHble TeOPpeTHYeCKHe KOPPeJIAWHOHHbIe OTHOWECHHA, paccyH- 
TAHHbIe B MpeANOJIOKCHHH KPHBOJIHHEHHOH 3aBHCHMOCTH, Tak>Ke OKa- 
3aJIHCb OJIH3KHMU TIO BeJIHYHHe 


Nyy =0,475, Wry y = 0,471, 


3aMeTHM, TO BbIPaBHHBaHHe COMPAKCHHDIX JIHHHH perpeccun no napa6onaM 
BTOpOrO NOpAAKa B HallieM MIpHMepe MpOH3BORHMOCh Ha TOM OCHOBAHHH, UTO 3TH 
KPHBble Ha JaHHOM OFpaHHYeHHOM y4UaCTKe H3MCHeEHHA AapryMeHTOB pH6aHnxKeH- 
HO BOCNPOH3BOAAT XO,l H3MeHCHHA yHKuWHH. Bo sce mae MocKOcTH (x y) coO- 
NPAKeHHbe AWHHH perpeccHu, Kak nmoKka3saHo QO. B. CapManHoBbim!, He MOryT 
OJHOBPeMe€HHO BbIPaKaTbCH MHOTOUIeHaMH CTemeHu Bbille, uem 1-H, Tak KaK 
NOPpAAKH PpOCcTa COMNPAKeHHbIX JIHHHH PperpeccHH OJMKHbI ObITb CBA3ZAHbI MeKAY 
coOol Tak Ke, KaK NOPAAKH pocTa B3aMMHO O6paTHbIX yHKUMA y = Q(x) Hu 


x= '(y). 


§ 2. KOIP®HUHEHT KOPPEJIALLHH H CHMMETPHYUHbBIE CXEMbI 
JEACTBHUA SAKTOPOB 


B oOuleM Ccilyyae KOppeAWHA MeXxKAY ABYMA NepeMeHHbIMH xX HY 
BO3HUKAeT B CHJIY HaMHYHA PaKTOPOB, OAHOBPeMeHHO MelicTBYIOULNX 
Ha o6e nepemMeHHbie (O6ULHxX daKkTOpos). 


[lycTb 
a (8.2.1) 
b aes p (u, W) J 
T. €. X HW Y ABJAIOTCH HEKOTOPHIMH (PYHKIWAMH OT *akTOpOR 4, 
U, Ws; 


@akTop u aBaneTcH OOLINM, dakTOpbI v, w — cneiMduyecKuMH. 
Cuctema (8.2.1) aBasetca YacTHbIM Clyuaem GOovlee OOmel CHCTeMbI 


X= (lly, Ug... yy Uj, Ug... Up) 


(8 2.2) 
y= (4, U5, ee » 4s, Wy, Wo, er . W)) 


'O. B. CapmMauos. O npsmomnHehHoi Koppenauun. Jlucceptauua, 1948. 
O. B. CapmMatios. O nopaake pocta auHHit perpeccuu. Tpyani Btoporo Bce- 
CCIO3HOrO COBeULaHHA WO MaTeMaTHuecKOH CTaTucisike, Taulkeut, 1949. 
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Tabauya 48a 
Ynpyroctb — pa3smMep 3aMka 


PacveT KoppeASUHOHHBIX OTHOMCHHA Nyjx Hr) x 




















ELT 


Vx = — 2258,6 + 373,22.x% — 9,375.x?. 
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: | h | | G5) Gao lGews cE | 5 (5.-9/ pay 
21,3 1 1610,0 | 199,25 | 39700,6 39700,6 | 1437,53 | 26,78 717,2 | 717,2 
20.7 1 1360,0 —50.75 2575.6 9575.6 1454.14 43.39 1882.69 1882,69 
20.1 6 1443.5 32°75 1072.6 6435.6 1455.42 4467 1995 ,4 11972,4 
19.5 17 1442.5 31.75 1008, 1 17137.0 1454.24 43.49 1891.4 | 32153,8 
18,9 32 1444.5 33-75 | 1139-1 | 36451.2 1446.31 35,56 1264.5 | 40464,0 
18,3 Al 1439.5 28.75 8296.6 | 33890.6 1431.63 20.88 435,97 | 17874,7 
17,7 46 1403,5 7 a7 OF 52.6 9419.6 1410,20 —0,55 0,3 13,8 
17,1 27 1386.0 24.75 612.6 16540 ,2 1382.02 98.73 925.4 | 22285.8 
16,5 22 1362.0 —48.75 2376.6 52285 .2 1347 ,09 — 63,66 4052.6 | 89157,2 
15,9 6 1268.5 —142,95 | 20235,0 121410,0 1305, 41 105,34 | 11096,5 | 66579,0 
15,3 ] 1210,0 | —200;75 | 40300,6 | 40300,5 | 1239,35 | —171,40 | 29377,96 | 29377,96 _ 96 

200 369 146,2 no 312478, 55 
—  369146,2 ~ 31247855 
1410,75, ; mt 1845 ,73, i a 5 
2 , 
oS dae, 2 _ 1845,73 9 op, 2 _ 1562.39 ooen 
‘ix ~ 6913, 92 aes “Type 6913,92 ie 
‘ype = 9,517, ae 0,475, 





PLL 
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Ta6auna 486 
Ynpyroctb — pa3Mep 3amKa 


PacueT KOppeAAMHOHNbIX OTHOWEHHA Weng: WAT Sis 








l | Xj Xj— x (x;— x) | (xj;—x)% oS Xy— x Xy— x)? Ga 
pci pena tes SS ws era | —_ ree ee ae ae Ra Stee a a SS 
: | 
| j 19,50 | 1,51 2,280 9 280 20,20 | 9 91 4 884 4,884 
1 21,30 3,31 10,956 10,935 19.6) | 1,61 2599 2,592 
8 18,82 0,83 0,689 6,512 14,06 1,07 1,145 9,160 
26 18,78 0,79 0,624 16,224 18,60 | 0,61 0.372 9,672 
43 17,96 —~ 0,03 00009 0,039 io; | 0,22 0,048 | 2,064 
49 18,09 | 0,10 0,010 0.49) 17,88. 4 <0, 0,012 | 0,588 
40 17,65 —0,34 0,116 4,640 17,62 =), 37 0,137 5,480 
18 17,57 —0,42 | 0,176 3,168 17,43 —0,56 0,314 5,652 
9 16,90 —1,09 1,188 10,€92 17 32 —0,67 0,449 | 4,041 
4 16,50 —1,49 : 9290 8 880 17,26 —0,73 0,533 i 2,132 
0 17,70 —0,29 0,084 0,000 17,27 me ee) 0.518 0,000 
| 19,50 1,51 | 2,280 2,280 17,33 —0,64 0,410 0,410 
200 65,161 46 675 
2 —; 65,161 46,675 
x = 17,99, o7 = = 0,326, ; —~— .- (), 233, 
a J 200 1? 900 a 
a 0,326 0,233 
? ’ 9 ’ 
= —— = 0, 2937, 4 ee UE 
ey ag Wye egy 
Tejy= 0,542, ‘Tyy = 0,458, 























Pe = 36,74 — 0,0326 + 0,00001364y?, 
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B KOTOPOK MepeMeHHble x HW Y NpeCTaBJIeHbl B BUAe PYHKUMK OT pana 
(baKkTOPOB, 4YaCTb H3 KOTOPHIX (ti, Uo,... U,) ABJIAIOTCA OOWUMU, py- 
rue — cneyuguyeckumu. Takoro poma cCHuCTeMbl OyfqeM Ha3bIBaTb. 
CUMMETPUYHOLIMU CXCMAMH JeCHCTBHA akTOpos. 

TlokaxkemM Ha DpocteHie CHMMeTPHYHOH CxXeMe, KaK MpH onpe- 
J@NeHHBIX YCJIOBHAX M@KAY X U Y BOSHHKAeT KOPpeJIALHA, OOYCJOB- 
Jl@HHaA HasHuvemM OOWLMX PakTopos. 


1) Ilyctb 
ae: | (8. 2.3). 
y=u+w 

Kaka 43 M@peMeHHBIX X HW Y CKafbIBaeTCA B BAe CYMMbI JBYX 
(akTOPOB, OAMH H3 KOTOPHIX ABJIAeTCA OOLIHM. DakTOpPb U, V, W,... 
OyHeM CUHTATb JIMHEHHO He3ABHCHMbIMH, T. @. KOS@MHUMeEHTHI KOD- 
PeIALHH MexKAY HAMM MPH HeorpaHHyeHHo OobIOM 4nCe HaOVtO- 
JeHHH paBHbl Hyl0!. Bce asibHeHiive pacueTbl OyeM MpOH3BOUTb. 
B TIpeNOJIOKeHHN, YTO YHCJIO HaOMOZeHWYA AOCTaTOUHO BeJIHKO H 
KOIPDUUMeHTHI KOPpeIAWHH MeKAy PakTOpaMu MOMKHO NpHOJIMKeH- 
HO IIpHpaBHATb Hy.I110. 

Cxemy (8.2.3), NpefcTaBJAloulylo, OYeBHAHO, YaCTHBIA cJIyualt 
cxempl (8.2.1), Ha30BeEM CHMMeTPHYHOH CXCMOH ANAUTHBHOTO HU He- 
3ABHCHMOrO JeHCTBUA (baKkTOPOB UWJIH, KOpoue, cxemoh (A—H)c. 

_ [luis mpoctorpl HcceqOBaHHA NOMORKUM, YTO BCe (PakTOPbI HMelOT 
OMHHaKOBylO AHCMepcHN, T. €. ¢, = 9,==5,. ITO OrpaHHyueHHe B aJlb- 
HeHlwem 6yeT CHATO. 

Paccuntaem KosppuuveHT KOppesALHH MexKAY X UY 


1 = 7 
L(x — +) (y — y) 
r — ——_ exwnnrnnr ee e 
*Y TyTy 


Ho 


KS ——- S_ 
n n n nh 


ee: a) ve eee 


MH MO aHatorny y=u-+w. Orciona 
E(x —x)(y—y) = + B[(@—W) + (W—9)] [(w— 4) + 
+ (w —@)] = 3 (a — a)? + 3 (uw —H)(¥— 9) + 
4 E(u — i) (w —w) + —E (0 — 0) (w—@) = on + 
+ Fg Fu%y FP gene + Towle = % 


1 Mpr He Tpe6yeM 3eCb NMOMHOM KOPpeAALMOHHOM He3aBUNCHMOCTH dakropon, 
a JIMUIb HX JIHHEAHOH He3aBHcuMocTH. JlMHeHHO (TOUHee, MPAMOMHeEHHO) He3a- 
BUCHMBI€ Me@PCMeHHbIe HE ABJAIOTCH OOA3aATeEbHO KOPPeAWYOHHO He 3aBHCHMBI- 
MH, TaK Kak mpu r=0 MOKeT OTIHYATHCA OT HyJIA. OfHaKo KOppenAuHOHHAaA 
HC3@BHCHMOCTb TepeMeCHHBIX BMeyeT 3a COOOH H HX JMHEAHYIO He3aBACHMOCTD, 
Tak KaK IpH 7 =O r Takxe pasex 0. 
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Tdh kak 


i216 te HU 


B CHAY JIMHEHHOH He3aBHCHMOCTH (aKTOPOB. 
Jlajee 


522 ae B(x — x)= yf, hu 2) + (0 —v)P = 








a == eee a ze = 
. as (a — a)? 4+ E(v-- a) +24 B(u—a)(v—9) = 
7 ni nt 
0 Le 
ca V on alr 9p 
Ana. JOPHUHO 


= on se. 
Orciona 


62 


(je ee (3.2.4) 


oe 2 2h a, 2 
V 2+2 VY %+%, 


Ilo Tak Kak COrmacHO yC.l0BHIO 6,=s6,=5,, 


l 1 
LS SSS =, 
= ee ye 2 


Kosm@puyuenr Koppeaayuu meocoy X UY OKA3AACH PABHbIM OO0.1e 
oOtuux daxkToposB 6 cocTage X U Y, T. &. OTHOWeHHIO YuCIAa O6MLHX 
(pPaKTOPOB K YHCJY BCeX (bakTOpOB, BXOAAMLHX BX HY. 

2) Paccmotpum O6oulee o6ury1o cxemy (A—H)c, kxorga x u y 
HMeIOT B CBO€M COCTare HeCKOJIbKO JIHMHeHHO He3aBHCHMbIX OOULAX 
(PaAKTOPOB Wj, Uo,...U, H PA cMewHpHyecKHX JIHHelHO He3aBHCUMBIX 


(PAKTOPOB: Uy, Us, . 0+, Ugh Wy, Wo,..., Wy 
IlycTb 
X == Uy -}-Uy +... UL Up + VQ +... +4, 


YH + Ug... $U,+W,+, 4-...+ 4, 
rae 


r ==> == == — = 


H MpHO.mKeHHO cuHTAeM Gu, = Su, = Fw, 
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Jlerko MOKa3aTb, YTO B 3TOM CJly4ae 
1 a we 
—f(x—-x)(y — y) 
n 


— — — — 
xy oy ; 





2 2 2 
i a) ae Si 


SS eee eee 


a 


Yate ta ++... +e%, x 
fade ee 


xy of, +... + 4 oo capa + a4, 
H B CHJIY paBeHCTBa DHcnepcuit 


s s Ss 
= = , 8.2.7 
v VsFhy stl V on s+ : 


s “4 b3,% 
; WBAMETCA momeh oOuux aktTopos B cocTaBe x, 


(8. 2. 6) 














§ 
— moneH OOMLHX GbaKTOPOB B COCTaBe Yy. 
Sh 

Mopmy.ia V ab Ha3blBaeTcCA, Kak H3BeCTHO, CpeaHeli reoMeTpH- 
yeckoH uncesl a, b 

TakuM o6pa3som, KOSPPUUHEHT KOPPeVIAWHU PaBeH cpedHeli 2e0- 
MeTpuuecKol uz OBYyx uucen: OoAU OblWUuUxX aKTOpos 6B cocTaBe x 
u OoAuU OOujuxX MaKTOpOs 6 CocTaBe Y. 

Cxema (8.2.3) noayyaetca u3 cxempl (8.2. 5) nipH s=k= 
=={=], 

3) PaccmoTpuM euje 6omee O6mryo cxemy (A—H)c, mpu koTopon 
KaKIbIM dakTOp BXOZHT C ONpemeeHHbIM BeECOM (KOapPPunHeHTOM 
MpOMOPWHOHAJIbHOCTH) B COCTaB MepeMeHHEIX Xx HY, T. e. O6€ nepe- 
MeHHbIe MO2KHO PACCMATPHBaTb KaK B3BELIeCHHbIe CYMMBI HIM JIMHeH- 
Hbl@ KOMOHHALHH STHX PakTOPOB 


xX=a+bu,+...+ + Dgibg Fy, Pos He CRU (8.2.8) 
Y= a! + Diy... pO slg + C1W, +. CIB, 
Tipu cheaHHbIxX paHee JOMyWeHuAx (JIMHeMHaA HeKOppeupo- 


BaHHOCTb, paBeHCTBO AuCMepcHH dakTopoB) JerKO MOWYINTh Wis 
cxembl (8.2.8) cleqylomlee BbIPaxKeHHe KOIPMUUHEHTA KOPPeJIALHH: 


b ib, +. lee bs b, 
$y = 
fat ar eer rex 
bib) + aoe bb. (8.2.9) 
i ; 
"XV See Ue Shp as 
12 9. HH. Jlyxomexnai 177 
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M3 opmy.ibt (8.2.9) caegzyer, uto ‘yy TEM OOJIbIUe, eM 3HadH- 
TCJIBHee BECOBbIE KOIPDPAUHEHTH! MPH OGILUTX (bakTopax NO cpaBHe- 
HHIO C BeCOBbIMN KospuuneHTaMHU Np cnelM@uyeckux daktopax. 
ITO CIpaBeAHBO MPH yCAOBHH, YTO COOTBETCTBeHHbIe KOIMMUULHEHTHI 
(5, u b’,) umewr onuHaKosble 3HaKH, T. €. YTO OOUIMe (PAaKTOPHbI BAMAIOT 
Ha MpH3HakH X HM Y B TOM Ke HalpaBJleHun. 


Tak, Hampimep, WwIa cxembI 
X=2u+ y, 
y= du + w, 
2°3 6 
vy areal a og ae = - T= ——=— OSD. 
SY SEPP ee 5 y 10 








SHaueHne 7 ,,, OKA3a0Cb 6o.lbie, YeM B CXeMe (8.2.3), TaK Kak 
oOmmMH akrop i BXOAUT 3mecb Cc OTHOCHT@JIbBHO OOJIBUIHMH BeCaMii 
bu 0’. 

Ec 2Ke HEKOTOPbIe COOTBeETCTBCHHBIC Kosppuunenth (0, u b’,) 
HMCIOT Pasuble 3HakU, T. €. HeKOTOPble OOulHe (akTOpHI NPOTHBO- 
NOJOKHBIM OOPA30M BIHSIOT Ha NpH3Hak X HW MpH3HaK y, TO BelM4H- 
Ha Ty, YMCHbUIAeTCA H MOMKeT OKa3aTbca paBHoit 0, OTPHIaTeJIbHOl 
HW axe Ou3KkoH K —I. 

Tak, HanpuMep, qa cxembl 


X=2u +4, 
y=— 3u++-aw, 








B cxeme 
X= U-+-y, 


vy=u—yY, 


o6a dakTopa uv uv ABASIOTCA OOLIMMU, H CXeMa He COMPUT crie- 
WudpuyeckHx daktopos. Ho tax Kak (bakTop u BJMAeT Ha NepemeH- 
HbI€ ¥ H Y B TOM Ke HallpaBJleHHu, a PakTOP Vv — B NpOTHBONOOK- 
HBIX HaMpaBJeHHAX, TO B Pe3yAbTATe F,, OKASbIBACTCA PABHbIM HYvUO: 


I— ] 
‘oo VB ya V Po r2 = 0. 
i 

4) B mpegbizyuux cxemax mpegnovtarasocb PaBeHCTBO AHCNepcun 
AJIA BCeX PakTOpOB. OTO ycsIOBHe BCerqa MOXKeT G6bITh peaJIH30BaHo, 
CCH H3MCPATb KaKJbIM H3 PaKTOPOB B CTaHAaPTH3O0BaHHbIX eLMHH- 
Wax ~~ curMax. [lepexog oT HaTypaJbHbIx eAHHMIL H3MepeHHA K CTaH- 
AaPTHSOBAHHbIM eCAHHHWAM JOJKEH, OUCBHAHO, OTPa3HTbCA Ha BeCco- 
BbIX KoIpPuiwwentax. B caMom jee, nycTb, Hanpumep, 


x == bu-}-cv 
y= d'un + cw 








(8. 2. 10} 
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re VU, U, W BbIPAXeHLI B CBOHX HATYPaAbHbIxX eAnHAax, O503-. 
HaunM Oyxsamu U, V, W nepemenupie Yu, Vv, W, KOrAa WoCvier- 
HHe BbIPAKeHb! B CTAHAapTH3O0BaHHHX eAMHAWaX—CHrMax. Oue~ 











BHJ.HO, 4TO . 
v= Uu A U Vv — w 
7 Sy _ oy a Toy 
’ Ho torga oo 
x= 6bo,U +¢6,V /\. 
aero 8. 2 10") 
WH HHaYe 
A=BUE CV | 
: 8.2. 10" 
cotta aes 
rae — 


B = b3,; C=¢2,; 
B’=b's,, C’ =c's,,. 

B cxeme (8. 2.10”) co6mogzaeTca papencTBo Aucnepeni, Tak 
Kak 0, =o, —=36,,—== 1. CregospaterbHo, mpumenaad dopmyuly (8. 2.9), 
NOAYUHM . 

B.B’ 
VY B+ OV B24 C? 
OTclola OKOHYATEAbHO 


— 


ly = 


b+ b's" 
r a a 
— 5 5 29 : 
9 , P) 2.2 
y/ br, + 052 4/6 Pie ob ae 


Popmyaa (8.2.11) merko o606maetca Ha cayyai MuHorux qpak- 
Topos. IlyctTb | 


X=a+d, Uy... +0, + c,0, +... + CpU, 
y = q’ + du, + ees 4. bu, +cw,+.. + ere, 
apsaeTca cxemMoH (A—H)c, B KoTopoft mbl ceituac ne npeOnonazaem 


aes Oucnepcuti dakropos, KaK 3TO uMenO MeCTO OAA CXeMbE 


Torgqa Bnomve aHasorayHo dopmyste (8.2.11) mb nomyuaem 
dopmyaly 


(8.2. 11).7 


; (8.2. 8’) 


616,07 +... + b,b,02 
ry =— z 


xy | Scares 
2.2 222 22 pS 
V by01,, +e..0+ Oey + C455, +...-4+ cep, > 4 


, 2 . ¢ 
Ohio, tee Hp bb, 


— 





—_ 





———— n'y 
xp b, 0, ys aa ec C; oy, -f be; Sw, 
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5) TIpupesenuble Bbllle CXeMbI, HECMOTPA Ha HX WaCTHbIM xXapak- 
Tep (aMAHTHBHOe WH He3aBHCHMoe AeHcTBHe PakTopoB), MaloT Bce *Ke 
BO3MOMHOCTh B pxAwe clyuaeB NOHATb MpOHCXOwKAeHHe BeJIHYHHD! 
KosdMuWHeHTa KOppeAWMH. B HeKOTOPbIX CJIy"aAHX 9TH CXeEMbI MO- 
ryT ObITb HCHOIb30BaHbI DJIA rpyOoro ONpeAeleHHA BeIHUAMHbI KOId- 
(PHUHCHTa KOPPCIAUMH Ha OCHOBE MpeBapHTeJIbIUbIX COOOpaxKeHHi!! 
© Tpwposze 3aBHCHMOCTH 6e3 WaHHbIX CTATHCTHYeCKorO HaOJOWeHH A. 


Iipumep 1. Jina peca BaluKa 9 H OOKOBO!H MOBepXHOCTH S CYLke- 
CTBYIOT 3aBHCHMOCTH 


ga=or-ny . e) | 
= 2rrh ; 


rye r— panmnyc monepewHoro ceyeHHs; 
A — BbICOTA; 
Y — yesIbHbIH BEC MAaTepHa.14a; 
(1 + ¢)— kosduunerdT vckaKeHHA WAAMHApMYeCKOH PopMEt. 
JlorapHMupysA 9TH paBeHCTBa, IIPHXOAUM K COOTHOLICHHAM MexK- 
wy JorapHdMamMu 


Ing=Ine+ 2inr-+Inda-+ Iny-+In(l +8), 
Ins=In2xe+4+Inr+Ink 


Hil B Jipyrux OOosHayeHHAX 


X == In7w-+ Qu, + ug -1- Vy -1 Us, 
y=In2e + 4,-+ 4. 


IIpamMem cJlenyioulWe OPpHeHTHPOBOYHbIe JONYULeHHA: 
a) APFYMeHTHI WW, Uy, Vy, Ve HHEHHO He KOPpeJMPYVIOT MEKAY 
cooo#; 


6) 6, 39, 5, ~s,. 


Ha ocHoBe 3THX OPHeHTHPOBOUHLIX AONYWICHHHA MbI MoxKeM rpydo 
CUCHHTb 3HaveHHe KOIMDHUHELTAa KOPPeIAWHH M@KAY X HY, He MDE- 
6craa K OOpa6oTKe cTaTHCTHYeCKHX JA@HHBbIX: 

2+ | 3 
pe = sar SS ee = 0,867. 
V4+t1tiyl+ 





y= = = 
r yp 

Utak, KosbduunedT KOppeiAWHyH MexKAy JorapHdMaMu Beca 
OOKOBOH NMOBEPXHOCTH WMIMHApa Mbi MIP CAe1aHHbIX BbIMe MOyure- 
HWHAX ORKULAeM MOYYUTS (MPH AOCTaTOUHO OO.IbIUOM KOJIHMYeCTBe Ha- 
OmowewHH) paBnam 0,87. 


Ecavw BuecTO JONYUWeHHA (6) NPHHATh Aelysleuire 


i are ast Rg ee 1a gees 
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Pe Cy, Coy Cg, C,— 3apaHee NpemnonaraemBle KOSpPPHOREHTL! Mpo- 
NOpUHOHAaAbHOCTH, TO 7,yy paccCuHTaeM Ho opMyae 


‘ Qe} + 5 
= 
xy — er? ~——————— * 
f sitatay +e 


6) O6uwe cxembI NeHCTBHA PakTOPOB 





X= O(u, Vv) | (8. 2. 1} 
y= (4, w) 
H 
koe ola niaae dS (8. 2. 2) 
(Vr 0(4,...0,, W,... W) | 


re p HW  — PyHKUHH OT AHHeEHHO HeEKOppeIHpOBaHHbIX apryMeHTOB, 
yaCTO MOFyT ObITb MpHOWKeHHO cBegeHH K cxemam (A—H)c. Tak, 
eCH @ HM tp MOHOTOHHO H3MeHHIOWMeCA aHaJuTHYeCKHe (yHKUHH 
CBOHX apryMeHTOB, TO OOBIYHO B AOBOJIbHO WWHPOKHX MpeyesaxX MOKHO 
VHOBJETBOPHTECA JIMHeHHOM YaCTbIO pa3sOKeHWA 3THX PYyHKUHH B 
pagbt Tetiiopa 


pt, ¥) = % +——— is eas ae: vey 


1 Ou 1 Ov 
yp Bate [Ob] pw wo [ob | 
(U4, W) = Yo + rs a lseitee 


uTO mpHBonuT K cxeme (A—H)c. 

To O6cTOATeIbCTBO JedaeT cxempl (A—H)c nome3HbIMH WIA 
rpyOo OpveHTHpOBKH MH pH HeaMMTHBHBIX CxeMax AeHCTBHA *ak- 
TOPOB. 


Ipumep 2. Mexay olleHKaMH yclleBaemMocTH, KOTOpble NoJlyuator 
CTYNCHTbI 10 pa3JIHYHbIM TpeMeTaM 9K3aMECHAILMOHHOH CeccHH, Cy- 
UIeCTBYeT KOPPe@/IAWHOHHAA 3aBHCHMOCTb. CTYJeHTHI, MOyaHBIUHe 
jy4uIHe OWCHKH MO ONHHM MpeszMetam, Nosmyyalor, Kak mpaBuso, Oovee 
BbICOKHe OTMeTKH H NO ApyruM Mpegmetam. H, HaoOopot, xXyAWHM 
OI@HKaM IO ONHHM MpeAMeTaM COOTBETCTBYHIOT XYAIMe OWeHKH HU NO 
ApyryM .ipeametam. 

Hasnuve Takoii KOppelAUMH Helb3A OODACHHTb MPHYHHHOK 3a- 
BHCHMOCTbIO M@Kly OleHKaMH. OueHKH MO HHOCTpaHHOMy A3bIKy 
He CTOAT, HalIpHMep, B NPHYHHHOH 3aBHCHMOCTH C OWeHKaMH MO CO- 
NPOTHBJIEHHIO MaTepHaioB. TeM He MeHee HaJlMuve KoOppeJIAluH 
MexKyY OWeHKaMH MO 3THM ABYM MIpewMeTaM BMOJIHeE 3aKOHOMCPpHO 
H, Wake He Mpou3BonA HaOJOAeHHH, MOXKHO OXKHAaTb ee 3apaHee. 
O6pACHeHHe ZTOM KOPPeIAUHH MOXKeT ObITh WaHO Ha OCHOBe TeOPHH 
o6uuux dbaktTopos. B caMoM eve, MOXKHO C HECOMHEHHOCTbIO yTBEP- 
*KLaTb, YTO TakHe KayecTBa CTYMeHTOB, Kak Tpysoo6ue, cnocobHo- 
CTH, YMeHHe OpraHH30BaTb CBOIO paOoTy H ApyrHe, ABIAIOTCA akTO- 
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paMH, ONpeeNAIOWMMMH y OMHHX CTYeHTOB Oosee BbICOKHe OLeHKH, 
V APyrux — XyAllve. pesyJIbTaThI 10 MHOrHM MpeaqmMeTam OfHopBpe- 
MeHHO. Hasimune TaKHx OOWIMX (aKTOPOB H JOJ2KHO BbIZBATb Koppe- 
JIAWHIO MEKMY OMCHKAMH MO Pa3JIHUHbIM MpesqMetaM. OyHako Hewib3a 
3apahee MpeCKa3aTb BeJIMUMHY STOW KOPPeJIAILMH, TaK KaK He 3HaeM 
HH NONHOrO CNHCKa OOUIMX MH CHeuApUueCKHX B3aHMHO-He3aBHCHMBIX 
(bakTopos Koppeauun!, Ha yebHbIX BecoB, BbIACHAIOWHX | 3HauH- 
MOCTb KaXKoro PakTopa, H, HaKOHCH, He H3BeECTHbI NOKa3zaTeN WHC- 
M€PCHH STHX (PakTOpOB B ZAHHOM KOJWJICKTHBE CTYCHTOB 2. . 

Beauunia Kos@@uuHeHTOB KOppeAUHH MoxeT ObITD nowyueHa 
JIMIUb TYTEM pacueTa Ha KOHKPeTHOM MaTepHavle. 

IIpus0quM Hayao TaGAHILbI, B KOTOPOM MaHbl pesy/IbTaTH 9K3a- 
MCHAUMOHHOH CeccHH mo mpesMetam II kypca uuHcTHTyTa gaa 40 
CTY CHTOB. | 

cree eh | Ta6auuya 49 
. Pesyapratol SK3aMCHAWLHOHHOA ceccHH cTyeHTOB II Kypca 


OueHKa NO mpelametam 








Homepa. |———--—__—---_—__— 
, CTYACHTOB,"| Teope- OcHoBbI 














no see Matema- THueckas Conpo- jQaextpo- MapKCH3- ) Hee 
y THKa MexXaHi- MaT TeXHHKa Ma- JI@HH- ci 
: Ka 3 HH3Ma 
{ 
1 4 | 4 | 4 | 5 3 5 
2 3 4 3 3 4 4 
3 5 3 — 5 ) iS) 
4 ) 4) 3 4 5 4 
6 3 3 3 3 3 4 
y 3 4 3 5 3 3 


Yio stow Ta6lMue Hamu OblaM HCuMCTeHEI KOSpMUHeHTHT KOp- 
peIAWHH Mey BCeMH MpeqMeTamu TonapHo. IIpuBogum Ta6snuLy 
3TUX KOS@PULHEHTOB. 

Avasu3 ta6s1. 50 moKa3piBaet, uTo Kostpuynenth KOppeJIAHH 
KOJICOJIOTCA BOKPyr CpeqHero yposua r=0,33. 

Bplietue B OAHY rpynny mpemmMers! cu3uKo-Trexuuyeckoro Ha- 
npaBJleHHa, yOexaeMcA B TOM, YTO cpemHHi KospbunneHT KOppe- 
AUHH MeKTY Mpe@MeTaMH BXOAAWIHMH B JaHHyto rpynny, oKa3avica 
SaMeTHO BBIUIe, YeM CpeNHHH KOSPDMUMEHT KOPPeJIAWHH MexKTLY 
MpeAMeTaMH (H3HKO-TeXHHYeCKOTO HalpaBeHHA M ApyruMu mMpeg- 
Me€T@aMH CeCCHH 
_-- 9:33 + 0,39 + 0,33 + 0,43 + 0,3140,50__ 4 a¢ 
aaa “oi 2 4 eo rs ya 3 $ 


r 
A 6 


‘ Tlepewncnenune BEILIe @akTOphl He ABJAIOTCH B34HMHO-HE3aBHCHMBIMH. 
2 GamMeTHM Take, uTo cxema (A—H)c gonna 3yecb paccCMaTpuBaTLca 
‘IMlb B KavecTBe BeCbMa rpy6oro mpH6snKeHHaA. 
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__0,29-+ 0,29 + 0,28-+ 0,13 + 0,35 + 0,31 + 0,29+ 0,31 
tp See a ag et ed ee = 0,28. 


STO NOHATHO, TaK KaK BeIHYHHA KOIPMHUMEHTOB KOPPeJIALHH B 
fleppo rpynne o6ycloBleHa MelicTBHeM OonoAHUTeNbHOZO OOujezO 
qcbakTopa — pOXCTBOM 9THX MpesMeTOB HM HaHuneM yYy CTYJeCHTOB 
60JIbIIeH WIM Me@HbuUIeH CKJIOHHOCTH K (U3HKO-TeEXHHYeCCKHM JMCLMN- 











JIHHaM. 
TaGauya 50 
ee eee er ee : : ee 
os | 5 %  |Ss : a | 
CS = = = . A . e, = 
= ® = Oo He f2ag| & = 
v . i" “wa [Oss] 6 = A 
SB |33) 2 | Se isee) 22) 2 
S lez] oO |HEIOSE/Se |] O 
MatemaTtHKa...... Cay a x 0,33 | 0,39 | 0,33 | 0,29 | 0,29 | 0,33 
Teopetnueckad MexaHHka . . .| 0,33 x 0,43 | 0,31 | 0,28 | 0,13 | 0,30 
ConpoMmar ..«.e.... {| 0,09 | 0,43 x 0,50 | 0,35 | 0,31 | 0,40 
Jaextpotexuuka..... =| 0,33 | 0,31 | 0,50 4 0,29 | 0,31 0,35 
OcHOBbI Ma PKCH3M a-@HHHU3Ma 0,29 | 0,28 | 0,35 | 0,29 0,33 |0,31 
WinoctpanHbli A3bIK ‘ 0.29 | 0,13 | 0,381 | 0,381 | 0,383) x 40,27 
P tf f ft ft | fo38 
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[FAHABA 1X 
KOPPEJIAWHA TPEX NEPEMEHHbIX 


§ 1. YPABHEHHE MHO)KECTBEHHOM PEFPECCHH 
AJIA TPEX MEPEMEHHDbIX 


B HacTOAIWeH riaBe Mbl paccMaTpHBaem 3amaun KODPeJIAILHOH- 
HOro aHaJlu3a, BOSHUKAIOUHe IPH H3y4YeHHH CTaTHCTHYeCKOrTO MaTe- 
pHasla NO TpeM BapbupylOuluM MpH3Hakam. 

Hcxognpili Marepnal mpencraBaser cobolt COBOKYNHOCTb Ha6,vIio- 
ACHHN Hak SleMeHTaMH OAHOTO H Toro xe BUA MO TpeM npu3HaKam 
X, Y, € ORHOBPeMeHHO. TakoBbl, HanpHMep, WaHHble Ta6.1. 49, KOTO- 
pad COACPAHT NPHMePpHylo 3aNHCb pe3yJIbTaTOB Ha6woneHHit Han 
SIEMCHTAMM COBOKYMHOCTH (CTYZeHTaMH) no 6 BapbHpy!ou.HM TIpH- 
3HaKaM (OWeHKH MO pa3vIM4uHbIM WpegMetam ceccun). 

B kKayecTse BTOporo MpHMepa TaGIHUbI, CozepxKatlell aHHble 
HaOJHOAeHHH MO TpeM MpH3HaKaM, paccmoTpuM Ta6a. 51, B KOTOPOH 
yKa3aHbl MCXaHHYeCKHe XapaKTepHCcTHKH (Mpenzed BbIHOCJIHBOCTH, 
Mpewes MpOvHOcTH, TekyyecTH) AIA 55 oCOpa3lloB pasvIMYHbIX Mapok 
Ciaau }, 

IIpi usyuenin KoppesaiMH Tpex MepeMeHHbIX OANa H3 HX pac- 
CMaTPHBaeTCA KaK MYHKUMA, Be Dpyrue — Kak apryMeHTbI. Bmecto 
ABYMeEPHOH KOPPeAWHOHHOH TaGOMHUbI WIA CHCTeEMaTH3aUMH Wauubix 
HAOMIOACHHH 3eCb HCHOb3yeTCA TpexMepHasd KoppelauMoHHad Ta6- 
JIHla, B KOTOPOH KaxKACH KOMOMHAILHH BapHaHTOB 10 TpeM MpH3Ha- 
KaM COOTBeTCTByeT CBOM YacToTa (cM. Ta6u. 52). 

Iloqo6uo Tomy Kak JBYMepHad KoppeAMMOHHaA TaOwuMa rpadbu- 
ueCKH H300paxKasach B BRE NOMA KOPpeJAHU, MAHHbIe TpexmMepHolt 
KOPPCAUHOHHOH TaOMUbI MOKHO CeOe NpesxcTaBuTb Ha rpaduKe 
B BHA KOPpeIAMHOHHOrO MpoctpauHctsa. Ilo ocw x uw OCH Y YKa3aHbl 
MHTCpBaJIbI APrYMeHTOB, MO OCH Z— UHTepBadbl dyHkunu. Uacrota 
KaKOH KoMOnHAaUHH (x, y, Z) BbIPaxKkaeTCA COOTBETCTBYIOUIMM KOVJIN- 





1 Cm. C. JI. Ky kos, Buy caa3u npenena BEIHOCIMBOCTH C XapakTepuctH- 
K2MH MPOYHOCTH MPH PacTAKeHHH, «SaBosckan Ma6opaTopua», Ne 1, 1946, 
cTp. 105. 
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Ta6auya 51 
' o a“ : w 
é ELBE $ g | £38 
=o = os = a eae 
= 225 | SR |Z GN = oF / Se | B28 
= = yee Sm A = Sm = = ews GV as a 
Hog Sse ~s aa & a Fok oa mA, = 
O az 2 cs = o a. > ape RES 
= So® jl or [o_o = Bes. || O28.) oe oe 
. & ~aerNy Re |e Sos s Fy mos aN) HESS 
a. Ow ox |ob Ee C. vx vx | YO 
oJ a= a. a8 & a a. = a moO am 
=, Soe | 22 ieee] =, Sow |! ES eases 
25 51,6 33,0 | 25,0 || 30XMA | 143,0 | 138,0] 61,5 
® | wo] ma) so 1mm | go | eo | aes 
A , , Vv 
|) Ree) eos eet lh axa More+ || <=.) 42,0 
45PC 80,8 | 66.4; 40,0 | joyH3A} 141,0 | 112,0] 64,0 
12°1A 60,0 41,0; 29,5 12XH3A | 61,6 47,5 | 36,0 
12r2A 145,0 123,0 55 ,0 XNXH3A 96,0 87,0 43,6. — 
12F2A | 123,0 | 113,0;) 49,0 || 90xH3A | 84,0 79,0 | 43,0: 
12F2A 80,0 72,0; 43,0 || 90xH3A | 76,4 71,1 | 32,0: 
12r2A | 85,0 | 42,0) 36,0 || 37H3A | 126,5 | 121,0] 56,5 
25xrCA | 162,0 | 135,0| 54,5 |] 18XHBA | 150,0 | 25,0] 63,0 
25XTCA | 146,0 132,0 o1,5 18XHBA | 139.0 119,0 62,0: 
25XTCA 80,9 82,0 41,0 18XHBA | 137,5 114,0 62,0 
30XPCA | 180,0 ; 153,0] 71,5 I8XHBA | 124,6 | 112,1| 51,0 
30XPCA | 154,0 137,0 | 65,0 I8XHBA | 116,5 77,0 56,0 
30XPCA | 90,0 | 85,0} 48,0 | 25xXHBA| 98,0 | 84,0) 45,0 
B80XPCA | 193,0 | 155,0; 60,0 | 25XHBA | 112,0 96,0] 50,0 
(008) 25XHBA | 108,6 | 98.0| 50,0 
30XPCA | 178,0 | 154,0] 59,0 ||}40XHMA | 212,0 | 172,0; 73,0 
(mtO08) #OXAMA (B)| 102,0 | 86,0] 55,0 
30XICA 158 ,0 142,0 54,0 40XHMA 110,0 106,0 08 , 0 
Oro08) 40XHMA | 104,0 92,0 | 45,0 
30XPCA | 165,6 | 134,2| 63,0 || 40XHMA | 119,0 | 113,0) 55,0 
Ui, 20XHPA | 102,0 98 ,0 48,0 
445) 
OSOXHPA | 107,5 | 103,0| 50,0 
30XrCA | 116,8 91,7 | 48,0 
(naaBKa 38XMIOA | 103,0 85,0 46,0 
1445) 3U-273 | 98,3 | 83,0] 46,0 
‘naan | ote | 279; 36.0 | guo7a | 143,0 | 105,0| 65,0 
1445) 3H-275 114,0 | 109,0; 63,0 
30XTCA 69,2 44,1 32,0 3-312 95,0 -| 50,0 44,5, 
(MaaBkKa 
1445) 3H-310 90,0 45,0 | 42,0 
30XMA | 160,0 | 145,0) 62,0 || 9-69 72,0 40,0 | 45,0 
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Ta6auya 52 
TpexMepHad KoppensHHOHHas Ta6qanua 


yy - Ye: | V1 



























































4YeCTBOM TOYCK, Pa3MELICHHbIX B MPOCTpaHCTBe, B KOOPAHHAaTHOH 
muehke (X, y, Z). 

B kako HHTePBaJIbHOl KleTKe (Xx, y,) Mbl paccuHtaem cpemHee 
3HaueHHe alMIMKaThl 2;; MIX BCCX TOUCK, OKA3ABUINXCA B COOTBeTCT- 
BYIOLICM Tapadwielenunegze (pvc. 46). Ormeyaem 3HauKom (*) Bep- 
(WHHY KaKOH anmiukatel. TeomerpHyuecKoe MeCTO 93THX 3HaUKOB 





Pre. 46 


naet MpeAcTaBleHve OO 2SMHHPHYECKOH TiOBePpXHOCTH perpeccHH 2 
NO X HY, CCAM BOOOpPa3HTb NOcMeAHIOW B Bue THOKOM MaTepHH, Ha- 
TAHYTOH Ha HaulH 3HaUKH. 

C ypelmyenHem kovluyuectBa nvaGsofenni u OJHOBpeMeHHOM, HO 
He CTOJb OBICTPOM YBC@INYeHHH UHCIa MHTepBasloB rpynmupoBKit 
(10 X WH Y) SMMMpMYeCcKaAd NOBeEPXHOCTb PerpeccHu BbIPAaBHHBaeTCA 
H CTP@CMHTCA K NpeeJIbHOH TeCOpeTHYeCKOH MOBePXHOCTH perpeccHH 
(pyc. 47). | 

HaxomneHie TeopeTHuccKOH MOBepXHOCTH perpeccHu, BbIpaxaio- 
Wl€H SABHCHMOCTb MexKAY CpeqHUM 3HadeHHeM (byHKUMH 2 xy M apry- 
MeHTAMH X H Y, COCTABJIAeT COMepmaHHe HacTommero maparpada. 
Pasymeercs, Tak »%Ke KaK H B CJly¥ae JBYX MePCMeHHBbIX, pellenHe 
3aMauH JOJUKHO ObITb JaHO Ha OrpaHHYeHHOM KOWHYeCcTBe HaGuw0se- 
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Hu KOCBCHHEIMM MeTonamu. Mbt orpaHwuNMca HccieqoBaHHemM Toro 
"acTHOTO, HO HaHGoslee BaxkHoro CJlydan, Korma TeopeTHuecKaA NO- 
BEPXHOCTb perpeccHH ABMIAeTCA MOCKOCThIO (puc. 48). 


z | 





Puc. 47 


Nyctb 
Zry=atbetcy (9.1.1) 


ypaBHeHHe IIocKocTH perpeccnH, rye a, b, ¢ — HeH3BeCTHbIe Mapa- 
MeTPLI, Tpe6yrolive ONpezeeHuA. 





Puc. 48 


Pacuet mapametpos a, 5, c NpoH3BoAuM CiOCOOOM HaHMeHbLIHXx 
KBampatos. Ilorpe6yem, uToObl cyMMa KBaf[paTOB OTKJIOHeEHHH (pak- 
THYeCKHX ANMIMKaT 2 OT aNMMHKaT Z,,, BHIYMCICHHBIX No ypaBHe- 
HHIO perpeccHy, Oblla HaHMeHbILUeH. 

Y (2 — Zxy)* = min. (9.1.2) 

Jlesyio “acTb BbipamxeHua (9.1.2) o6o3Hayum OyKBol f. [| eCTb 
(byHKUMA OT HEH3BECTHbIX NapameTpos Q, J, c. 
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MUHHMyM 3T0h dbyHKuHH MbI Halizqem u3 ypaBHeHHii: 


BOP of OOF 1a 
=O = 0, =, (9. 1.3) 


IIpouspena muddepenuupospanue, nanuuem cuctemy (9. 1.3) 
B OKOHYATeJbHOM Bue 


Lz= na + bdx + cLy 
Y2x = aLx+ bEx?-+ cLhyx |, (9.1.4) 
“zy = aLy + bixy+ chy? 


Cuctemy (9.1.4) peuiaem oTHOCHTeNbHO HeM3BeCTHBIX a, 0, C 
C€LYIOWNM OOpa3som. Pa3yeMM KadKfoe ypaBHeHve Ha n, NOy4HM 


z=atoxtecy 
= = Lx aucun 
a ee me a2 (9. 1.4’) 


zy =ay + byet+c2 


YMHOMKaeM BepXHee ypaBHeHHe cuctempl (9. 1.4’) Ha x HM BBIUH- 
TaeM H3 BTOpOoro 





——— — =< ¥ y3 — —_—— —_ 
zx — ZK =| ae — x) be (yx —y-x). (9.1.5) 


nt 


AnaJlOrHuHo, YMHO*KaA BepxHee ypaBHenne (9.1.4’) Ha y u BbI- 
WHTaH H3 HMKHELO, TOYIHM 


oe wes tes a at hast ¥ y2 = 
zy —2-y =b(yx — yx) +e(—— — y'). (9.1. 5’) 
Sameuas, 4TO 
pee a Se soe eh yee, 
it ft 


H HCHOb3yaA opmysty (7.3.5), 3anuiem ypaspHeHua (9. 1.5) 
H (9. 1.5’) B Buze 


2 
pamenneare 9.1.6) 
PF yyFzS 'y —— bry x36 Pra a 
Wn 
lr 2x9, == 53, HCL yx5y ah 
: (Gilet) 
ly %, = bry .o, + Coy 
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Pemiasa ypasuenua (9.1.7) oTHocuTebHO 6b uC, MPHXOJHM K CJie- 
AYIOWuM PopMywlaM: 


Ty Tae —Vayl xy 
2 
¢ ia memieanll 
x ] rey 


(9. 1. 8) 


_ 8g Fay ~ Fax! xy 


2 
Sy l= fy 


M3 nepporo ypaBHeuua cucTempl (9. 1.4’) HaxoguMm, 4TO 
a==z—bx—cy, (9. 1. 9) 


rye b, c ye onpezeszenn popmyamnu (9. 1. 8). 


IlocMoTpuM, YTO Ke HOBOrO WIA YACHEHHA 3aBHCHMOCTH MeKAy 
BeIM4HHAaMH BHOCHT ypaBHeHHe MHOKeCTBEHHOH PerpeccuHH Mo CpaB- 
HEHHIO C ypaBHe€HHAMH TapHou perpeccuu. ConocTaBuM OXHOHMeHHbIe 
KOSMMHUHCHTH! B YpaBHeHHAX NapHOH WH MHOKeCTBEHHOH perpeccun 


Zx=atodx, (1) 
Zry=atbx—Ley. (II) 


Koasdouuneut 6 B ypaBHeHuH (I) paccuuTplBaetca mo dopmy.ute: 


e) 
b= Pe ee 
Ou oTBeyaeT Ha BOMPOC, Ha CKOJIBKO CAHHHILL B CPpeHeEM H3MeHAeTCA 
2 pH yBeIH4eHHH X Ha OFHY enHHuLy. Nau nHaye, Ha CKOMbKO efH- 
HHI, H3MeHMWJICA Obl 2 C H3MeHeEHHeEM X HA O/LHY eCAHHULy, ec Obl 
mpowwe felcTByloume mo cxeme (A—M—H) qaktoppi z octTaducb 
6bl Ha OMHOM HM TOM 2Ke CpeAHEM yPpoOBHe. 

Kosdduuneut 6 B ypaBHeHuu (II) paccunTbIBaeTca no dopmyuie 
(9.1.8). On oTBeyaer Ha BOMpoc, Ha CKOJIbKO CHHHI, H3MeHAeTCA 
B CpeHeM ZC -YBeJIHYeHHeM X Ha OAHY eAHHULY Mplu NOCTOAHHOM Y. 
WUnu wHaye, Ha CKOJIbKO @2HHHIL H3MeHHJICA Obl 2 C YBeJIMYeHHeM X 
Ha e€MHHULy, eclH Obl Y He H3MeHAJICA H Npouve AeHCTBYyIOWIMe MO 
cxeme (A—M—H) qaxtoppil 2 ocrTapavcb Ha OXHOM HW TOM Xe 
CpeqHeM ypOBHe. 

TakHM o6pa30M, ypaBHeHHe MHO?KeCTBCHHOH perpeccHH M03Bo- 
JIH€T JJHMHHHPOBaTb (yCTPpaHHTb) He TOJIbKO BJIMAHHEe TeX MakTopos, 
KOTOpble JeHcTByIOT mo cxeme (A—M-—H), Kak 3TO HMeeT MecTO 
B YpaBHeHHH MapHow perpeccun, HO u BAUANUC GaKkTopa y, KoppeAA- 
UUONHO CBABQAHHOZO C X. 

B 9TOM HM 3aKJIIOUaeTCA TO CYHICCTBEHHO HOBOe, YTO BHOCHT ypaB- 
HeHHe MHOMKECTBEHHOM perpeccHH B HCCeOBaHHe CBA3H Me@KJLy Be- 
JMYHHaMH. 
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Mpumep 1. Tima uccnenopanua 3aBucumocry MeXKY MpOH3BORH- 
T@JIBHOCTbIO TPYAa, BO3PaCTOM H CTaxKem paOouero 6biwin coOpansl 
CBeNeHHA O OOMbIOH Tpynme paSounx ogHOli H TOI we CHeUHabHO- 
cTH. IIpHBogqumM tTa6suuy OCHOBHEIX HoKa3gaTenelt 9Tof rpynlibl mo 
TPpeM MPH3HAKaM: MPOH3BO,AHTeAbHOCTH Tpyla— 2, Bo3spacTy — x, 


CTAMY — Y. 
TaGauuya 53 
z = 70 exqunny o,= 8 enHHu rey = 0,20 
x = 40 ner ¢,=5 aeT Fry = 0,40 
y= 8 ner | ty=4 roga ry = 0,80 





[lo MaHHbIM 2TOH TAGJIHUBI paccuHTaem B NOpAAKe TipHOsWKeHHA 
YpaBHeHHA CIPAMJeHHOl perpeccun: 
a) YpaByeHHe mapuolt perpeccHH MpousBoguTenbHOcTH Tpyga m0 


BO3PacTY 
Zea EDX: 
b= r,y 2 = 0,20. = 20,32. 
a= 2 — bx =70 —0,32-40 = 57,2; 
oTKyAa 
Zz, = 57,2 + 0,32x. (2) 
B) YpapHe!:.:° mapHolt perpeccHu MpousBoANTeIbHOCTH Tpyza Mo 
CcTamKy 
zy = acy; 
c= —-+0,40 = 0,80; 
a=/0—0,80-8 = 63,6; 
OTKYa 


Zy = 63,6 -+ 0,80 y. (B) 


c) YpabpHeHne MHoxccCTBeHHOM perpeccun MpoHu3BOHTeIbHOCTH 
TpyHa NO BO3pacTy HW CTaxKy OAHOBpeMeHHO 





ae 0.8 we 
b = 8. , 0:20--0,40-0,80 8 (=0,12) _ __ 9 gg. 
5 1 —- 0,802 5 0,36 
= 2 9 
eg 2 EY a a 
4 1 — 0,80: 4 0,36 


a = 70 +-0,53-40 — 1,33-8 = 80,56; 
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OTKY 1a 


Zxy = 80,56 — 0,53x + 1,33y. (7) 


ConoctTaBIAd MOJIyYeHHBIe ypaBHeHHua, MbI BUAHM, 4TO KoORpdu- 
" UHCHTEI PerpeCCHH CYULCCTBEHHO H3MeHHJIMCh MpH Mepexoge or Map- 
HOH KOPpeJIAWHH K ypaBHeHHIO MHOxKecTBeHHO! perpeccuu. Tak, Ko- 
SPPUUMeEHT Np cTaKe BbIpoc oT 3HaueHua 0,80 no 3HaueHHA 1,33; 
KOSPPUUHEHT Mp Bospacte b ynan u mpeBpaTusca B OTPHUaTeb- 
HbIW — OT 3HayeHHA 0,32 no 3HaueHuA (—0,53). O6patum BHuMaHHe 
Ha mociemuee pacxoxgenne. Tlombsyacb ypaBHeHuem (a), HaxoguM, 
ITO C YBeJIHY€HHEM BO3Spacta paOouero Ha OAMH oj, NpoOu3sBomNTeNb- 
HOCTb Tpya pacTer B cpemHeM Ha 0,32 equnuup. Tlomp3sysch ypas- 
HeHHeM (Y), MOXKHO 3aKJIOUHTb, TO C yBerTMYeHHeM BO3pacta Ha 
OAHH TOM MPOH3BOAMTeIbHOCTh MagqaeT B CpeqHem Ha 0,53 equHuUb. 


B yveM Ke pasraykKa 9Toro MpoTHBopeuna? YkKaxem, uTo Koaddu- 
IMe€HTBI perpeccHH B YpaBHeHHAX (a) Hu (Y) OTBeYaloT pa3MUHoOlt 
NocraHoBke Bompoca. B cayyae (Y) KOSPDUUMEHT perpeccun MOKa- 
SbIBACT CKOPOCTh H3MCHEHHA Z NO X MPH MOCTOAHHOM Y, T. e. N0Ka- 
SbIBaeT, KaK H3MCH#aCb Obl MPOMSBORUTEIbHOCTh Tpyma c yBemHye- 
HHEM BOspacta, ecAu Oot CTA OCTAaBAACA Ha TOM 9e ypoBHe. B CJIY- 
uae (a) NocneOnee yCraosue He cTaBUrTca. 


UTOObI MOHATb CMBIC STOO ycOBUA, oOpaTuMca K aHasu3y pu- 
POMbI AeHcTByoulMx dakropos. Bospact, ecm PpacCMaTPHBaTb ero 
Kak NOKa3aTeIb paOoTocnocoOHOcTH oOpraHH3Ma, osKeH, MO-BHLU- 
MOMY, OKa3bIBaTb CJIeqyiollee BMAHHe Ha MPOH3BORMTeAbHOCTS 
Tpyfa paOouero: c yBeIHYeHHeM BOSpacTa MPOU3BOZUTebHOCTS Tpyma 
pacTeT, MOCTHraeT MAaKCHMyMa, a 3aTeM TocTemeHHO cHHKaeTcR!. 
OnTuMaJIbHoe 3Ha¥eHHe BO3pacTa He ABIAeTCA YeM-TO He€H3MCHHbIM. 
Moxxo, m0-BuauMoMy, YTBEPpRKTATb, YTO AIA Mpodeccuh us3uye- 
CKoro Tpy4a MaKCHMyM pa6oTocnocoOHocTu ocTuraeTca B Gowlee 
PaHHeM BospacTe, 4em AIA Mpodeccuh ymcTBenHoro Tpyza. B uameit 
npodeccvouasbHoH rpynne cpezHHH Bo3spacr pa6ounx oKa3asica paB- 
HbIM 40 roqam (cM. Ta61. 53). Ecrb ocHoBaHHa MoNaraTh, uTO ONTH- 
MaJIbHOe 3HaveHHe BO3pacTa B AaHHOH mpodbeccuu 3HayNTebHO 
MeHbIle CpegHero. Ilostromy Ha HallleM MaTepnase cmeqoBalo Obl 
OKHAATh OTPHWATeIbHOH KOPpeAALMH MEXKAY MPOH3BOHTeIbHOCTHIO 
TpyHa HW BO3pacTOM, eCIM PaCCMATPHBAaTb NOCMeAHHH JIMIWb Kak 0- 
Ka3aTeIb PaOoTocnoco6HocTH opraHH3Ma. OgHako c ysemu4eHvem 
BOSpacTa YBeIH4HBaeTCA CTA, a C/leAOBATebHO, NPOH3BOCTBEHHBIit 


* OTcioga celyeT, uTO cxeMBI IpAMOJMHEHHOTO H3MCHEHHA MepeMeHHBIX, 
MOO7KEHHBIE B OCHOBY ypaBHeHufi (a) u (7), He MOryT PpacCMAaTPHBaTbcA B Ka- 
H€CTBE MpaBHJIbHOrO OTOOpaxKeHuA HCKOMOH s3aBycHMOCcTH. MBI, OnHAaKO, OrpaHu- 
4HMCH PpaCCMOTPeHHeM BOMpoca B YMpOUleHHOM Buse, HMeR B BHAY, YTO nouyyae- 
MBi€ KOSPOPHUMEHTHI perpeccHH BbIPAKaOT He HCTHHHBIE CKOPOCTH H3MeHECHHA 
€PEMCHHBIX, a JHUIb CpeqHHe 3HaYeHHA STHX cKOPOCTel B OnmpeeleHHOH oG6sa- 
CTH H3MCHEHHA TepeMeHHBIX. 
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OMbIT H KBalH@uKauwua paGouero. MerkAy BO3pacTOM HM HPpOn3BOACT- 
BEHHbIM CTaxKeM HaOlofaeTca TeCHaA KOPPe.TAUHA: 


io O89. 


YpemnueHve Mpou3BOACTBeHHOrO CTaKa, CONMYTCTBy!OWlee YBeJIH- 
4eHHIO BO3pACTa, KOMMeHCHpyeT OTPHIUAaTeIbHYIO POJIb MOC/eCAHEero 
KaK HoKa3aTea paGoTocnocoOHocTH OpraHv3Ma. OTHM o6yc1oBeHa 
NeOO/JbUIAA NOOKUTeIbHAA BeNMIMHAa KOIPNUMeEHTaA KOPPeJIALHH 
M@XKMLY MPOHSBOHTeAbHOCTbIO Tpya H BO3pacTOM (r,,2=0,20) u 9THM 
Ke OODACHACTCA HEOOMLUIOH NOMOXRKUTEIHBIN KOSPDULMEHT perpec- 
CHM JWI BO3pacTa B ypaBHeHHH (a) : b=0,32. 

B caMom jeje, ypapHeHiie (a) OTBeYaeT Ha BOMpOc, Kak B Cpes- 
{OM H3MeCHACTCA MPOH3BOMHTCJIbHOCTb TpyAa C YBeJIHYeHHEM BOSpacta 
{fa onHH ron. Ho, yBetuuHBaA BO3paCcT, Mbl TEM CaMBIM YBeJIHNHBaeM 
Hu craxK pa6ouero. M3 AByx ciydalHO B3ATbIX pa6ouux 6ovlee cTap- 
uit To BO3pacty O6JlafaeT B CpesHeM H OOJbUIMM MpPOH3BOACTBCH- 
HbIM onbIToM. IlocnenHee OGOCTOATEJIbCTBO 3aCTABIACT OMKUTATb OT 
HeTO B CPeMHEM H HECKOAbKO Gosee BbICOKOH MPONSBOAUTCJIBHOCTH 
Tpya. 

YpapHeHHe (Y) OTBeuacT Ha AHAJIOFHYHbIN BOMpOC H B TO Ke 
BpeMHA TpeOyeT 3akpenJieHHA MPOHSBOACTBEHHOTO = CTAKa. Ho 43 
mpyx paOounx, O6aaloulux OAHHM H TeM 2K NPOHSBOACTBCHHDIM 
cTaokeM, OT MJlaqWero MO BOspacTy ORKHMaeTcA Oosee BbICOKAA NPO- 
H3BOJHTeIbHOCTh Tpyta. ITO 3anevaTMeHO B BHAe OTPHWAaTebHOTO 
KospdpuuveHTa 6 AIA BOBpacTa B YpaBHeHHH MHOMECTBEHHOU Perpec- 
cuH. Tak OObaACHAeTCA KaxKYLeecH TIpoTHBOpeyHe MeKy ypaBHe- 
HUAMH (a) H (Y). 

Anasloruuno ycTavaBJIHBaloTcA MIPHUHHBI, B CHJIY KOTODPBIX KOIQ- 
(PHILNeHT! PerpeccHH MPOW3BOAMTebHOCTH TPyAa NO CTaxy B YpaB- 
Henugx (B) H ({) CHIbHO pacxORATCA MexK]y cooon. 

CBa3bIBad TMPOM3BOAHTCIbHOCTh Tpyf@a CO CTaxKeM YPaBHeHHeM 
(B), Mbl He WeaeM HHKAKHX OFOBOPOK 06 H3MeHeHHH Bo3pacta. Ho 
C YBCIHYeHHeM CTaKa B CpeAHEM YBeIMYHBaeTCH BO3SpAacr pa6ouero 
B CHJY TeCHOl KOppeIAUHH MeKAY THM ABYMA NPHSHakaMu. Tlo- 
3TOMY YBe/IMNeHINO CTakKa Ha OAMH To CooTBeTCTByeT NO YPaBHe- 
HuI0 (6B) SHAYHTeIbHO MeHbILUMH MpHPpOCT NPOH3BOAMTCbHOCTH Tpy Aa, 
H@ExKeIH 9TO HMecCT MecTO 0 ypaBHeHto (7), re BO3pacT CUMTAeTCH 
3akpelieHHbIM. B 9TOM MpHunHa pacxo*K eH KOIMPULHEHTOB 
perpeccHu. 

Mpumep 2. Tipu u3syyeHuu MexXaHH¥eCKHx CBOHCTB CTadu mped- 
cTaBifeT HHTepec HaxormKdeHie (OpMyJIbl, C MOMOLILbIO KOTOpOH 
MOXKHO OMPeACMATh MpeAeA BbIHOCJMBOCTH Ha OCHOBE CTATHYeCKHX 
xXapakTepHcTukK Metasuia. J[ia 9ToK Wen HaliweM m0 JaHHBbIM 
ra6a. 51 ypaBHeHHe MHOxKeCTBeHHOM perpeccHH, CBASbIBAIOMIce Mpe- 
esl BbIHOCHBOCTH (Z) C MpesesOM TIPOYHOCTH Ha pa3PpbIB (y) 4 
mpenenom tekyyectn cramu (x). Ilpexme Bcero paccdHTaeM TAGAHILV 
OCHOBHBIX NoKazaTewell: 


eae 


~ 
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TaGauya 54 


aw ee OO A yp 





z= 49,72 s,= 11,01 rz. = 0,814 

x= 93,89 oy = 35,73 rzy = 0,881 

y = 114,47 sy = 35,62 rey = 0,896 
n=55 


C nomoulblo Ta61. 54 BHIuMcdeM KOSUuNMeHTE! ypaBHeHUA MHO- 
*KECTBEHHOH perpeccuH no dopmyviam (9.1.8), (9.1.9): 


p — 11,01 | 0,814 — 0,831-0,896 = 0,039: 
35,73 1 — 0,8962 
__ 11,01 0,881 —0,814-0,896 __ 
35,62 1 — 0,8963 | 0,288; 
a= 49,72 — 0,039-93,89 — 0,238. 114,47 = 18,82: 
Zry = 18,82-+-0,039x + 0,238y. (A) 


YpapHenve (A) nosBouiseT paccunTbIBaTh Mpeqed BEIHOCUBOCTH 
CTaJId M0 JaHHbIM O Tpefeyie TekyyecTH HA Tpewqeme mpounoctTn. 
B paOote C. JI. Kyxosa! ana Tout xe wen npenmomena Apyran 


cbopmyvia 
Zry = 20,5-+-0,138 (x + y). (B) 


Tipu spipoxe opmysnt (B) MeTonom napxod Koppelauun 2 
C CYMMOH X+yY aBTOp HCXOAM/ H3 Tpesnoo*wKeHHA O paseHcTee Be- 
COBbIX KOSPDHUHEHTOB Mp xX H Y. 

B dopmyne (A), npeacTapastoueh nausyuntyio (B cMpICae MeTo- 
Ra HaMMeHbIHX KBaspaToB) JMHeHHyIO KOMOMHAUMIO X HY, BeC 
NpH x OKa3aJICA HAMHOTFO MeHbIle, 4eM Bec pH y. IlosTomy d@opmyuia 
(B) doukHa ycrynaTb B TOUHOCTH dopmyme (A), ecu cpaBHuBaTb 
HX MIPHrOMHOCTb Ha MaTepHasie Tabu. 5! 2. | 7 


IIpumep 3. Ilo qanHpmm Ta6a. 55 naliqem ypaBHenue MHomecT- 
BCHHOH PerpeccHH, CBA3bIBalOWee YIIpyrocTb NopuwiHeBOro KOLA C 
ABYMA ee PakTOPaMH OAHOBPeMeHHO: pa3sMepoOM 3aMKa B CBOOOAHOM 
COCTOAHHH HM M@arHHTHOH MpouHaemoctaio kosbua. TIpusogum 
TaO. 55 OCHOBHBIX MOKa3aTesell, paCCUHTaHHbIX M0 JaHHbIM Ta6vl. 4 
pHwoxenna I, | 


1C, JI. Kyxos, Bun cBa3H npemena BEIHOCIMBOCTH ¢ XapaKTepHcTHKaMH 
NPOWHOCTH TPH pactaxKenHnH, «<ZaBogcKan a6opatopua» Ne 1, 1946, erp. 105. 

° B Ta6suuy, NpwBexeHHylO B cCTaTbe, MO-BHAHMOMY, BKpPalach olu6Ka. 
B crpoke 35 cBepxy 3Ha¥eHHe mpenena Tekyyectu (x), BePOATHO, JOJKHO ObITb 
[25, BMeCTO yKa3aHHoro 25. Ecan yuecTb 3T0 HcitpaBsJeHHe, TO zy COMH3HTCA 
C zy MW Beca Ip X MH Y OKaAMYTCA OM3KHMM pyr K Upyry. | 
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n-= 200 


TaGauya 55 
z--1410,75 | e8S8314. .: ry> == 0,440 
x= 17,99 Lay 1,05 ray = 0,305 
y= 7,48 sy = 2.72 rey == 0,099 


PaccuHTaem MapaMeTPbl ypaBHeHHA MHOKeCTBEHHOH perpeccuh 


__ 83,14 0,440 — 0,395-0,099 





me, SE =: 32,70; 
1,05 1 — 0,0992 
__ 83, 14 0,305 — 9, 440-0,099 

— _. 9,205 — 0, 449-0, 0: ee 8 07; 
2, 72 1 — 0,0992 


a= 1410,75 — 32,70 - 17,99 — 8,07 - 7,48 =762,12 
oTcio a 


Zry = 762,12 + 32,70% -- 8,075. (1) 


Cnenyet, OMHaKO, HM€Tb B BUY, YTO MPAMOJIMHeEHHBIN THM 3aBH- 
CHMOCTH, MosOxKeHHOH B OCHOBy ypaBHeHHuA (A), MOxKeT ObITb 37eCb 
NpHHAT JIHWWb B KayecTBe MepBoro H rpy6oro npHOmnxeHva. Bbosmee 
eTaJIbHOro HCC1eNOBaHuA 3TOM 3ABHCHMOCTH, OCHOBaHHOrO Ha CX€MaXx 
KPHBOJIMHeMHOrTO H3MCHeEHHA MepeMeHHBIX, He MPOHSBOAUM. 


§ 2. MOKA3ATEJIH TECHOTbI CBA3H 


PaccMOTpHM KOPpe/IAWHOHHOe MpPOCTpaHCTBO MePpeMeHHBIX X, Y, 2 
TlocrpouM SMMMpHeCKy10 MOBePXHOCTb perpecCHH H MAOCKOCTh Z=C, 
NapasWeIbHY!0 KOOPAHHATHOH MIOCKOCTH xy Ha YPOBHe cpefHel Be- 
IMUM! 2 (cM. pH. 47). 

Tlucnepcus 0%, H3MepseT KOJeOJeMOCTb TOUCK KOPPeANMOHHOTO 
MpOcTpaHCcTBa BOKPyr nmockoctw z=c. Ory AUcMepcHio MOKHO pa3- 
OMKUTb Ha XBa KOMIOHEHTA: 


2 oF 30 
Oz == Si > Oj, (9. 2. 1) 
eo a i we 
ai L(z—-2,)?= rs Yisz;m (9, 2. 2) 


—— H3MepHeT KOJICOJEMOCTb TOYeK KOPpedIAIMOHHOTO npocrpauctpa 
BOKPYr 9MMHPHyeCKON MOBePXHOCTH perpeccuH, 
3 


in . e. ria } \. 
9) = — L (25; — 2a Loj;m (9. pie 3) 


-—M3MepseT KOMeCOMCMOCTh SMMHPHYeCKOH MOBeEPXHOCTH perpeccHit 
BOKPyI IJIOCKOCTH 2=C. 
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B dopmy ax (9. 2. 1), (9, 2. 2), (9. 2.3) noxasatean Zz, 3,,, 8, 
CONPOBOM NaloTCcA ABYMA HHAeCKCaMH i, /, Tak KaK 3Hd4UeHHA STHX 
nokasaTeeH OTHECEHbI K KOOPAHHATAaM (x, yY) H CyMMHpOBaHHe 
NPOW3BORUTCA NO ABYM HanpaBseHuam. 


Bpipog popmyvint (9.2.1), tak xe Kak u chopmyanr (7.1.2) ana 
cJlyuad ABYX M€PCMeHHDIX, OMMpaeTcA Ha Teopemy O AucHepcuu WIA 
OObeMHEHHOH COBOKYNHOCTH, AOKa3aHHy!O B MpembIAyulem pa3gene 
KHHTH. 7 

Tak Ke, Kak H B CJly¥ae KOppeJIAUMH ABYX MepeMeHHLIX, MOXKHO 
CUHTATb, UTO MPH OesrpaHH4HO GoMbUIOM UNCIe HaG6viOLeHHH KOMNO- 


HeHT 6°,, OTPpaxkaeT BIMAHHe (bakTOpoB xX UM Yy, a KOMNOHeHT 0° 


BJIMAHHE MPOUHX, HE3aBHCHMO OT X HY MelicTByIOMNx (bakTOpoB. 
IIpH mMasiom uncie Ha6mNomeHH cayyalinbe 3ursaru IMIIMpHue- 
CKOH MOBePXHOCTH perpeCCHH CHCTeMaTHYeCKH MpeyBeMYMBalOT KOM- 


noHeHT 6%,,; H MpeyMeHbUIaloT KOMMOHeHT 0?,,. 
SaMeHAA SMMMpHYeCKy!IO MOBEPXHOCTh perpeccHH MOBepxHOCTbIO 


TeOPeTHYECKON, Mbl MOKEM BOCIOJb3OBATbCH BMECTO paBeHCTBAa 
(9.2.1) chopmy.on | 


i 


are a2 
az = of7 + 8) /7, (9. 2. 4) 
rAe 
ay ] ee el, 9 I 9 . giz 
jT = - y (2—Zxy) = a Loj;7m,, (9, aie 3) 
i 
PC) Pet 
oT = ere py (Zxy ~— 2)" (9. 2. 6) 


Mopmyvia (9.2.4) Beger K 6omee npaBHsbHOMy pacmipenesenuio 
JHCHepCHH Me@KAy ABYMA KOMNOHeHTaMu (cpaBuH. § 2 ra. VII). 





Tloka3aTenu 
I | | 
Nzjxy = — (9, 2. 7) 
S, 
H 
ry 
NzlxyT = BEES (9. 2. 8) 


Ha3bIBalOTCA JMMNMPHYECKHM HW TeOPeTHYeCKHM MHOMKECTBEHHBIMH KOp- 
PeCJIAMHOHHbIMH OTHOIWeHHAMH 2 0 x Hw y. OHH CALyKaT M3MepuTe- 
JIAMH TECHOTbI 3€BHCHMOCTH @YHKILHH Z OT ee apryMeHTOB X UY OF- 


HOBPeMeHHO. | —. | 
Kak H B Calyyae KOpperalMH DByYX NepeMeHHbIX, MOXKHO yTBep- 
Kath, 4TO | | | 
O<u<yn<l (9. 2. 9) 
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IIpu n=0 wan nr=O0 coorsercTBylollan (9MMMpHyecKad HIM 
TeopeTHuecKan) MOBeEPXHOCTb perpeccHH NapawiedbHa KOOPAMHATHOH 
mockocTu (x, y) M CoBMagaeT c MIOCKOCTAMM z=Cc. B 9TOM c.lydae 
rOBOpAT O06 OTCYTCTBHH KOPpesIAWMH MexAy 2 U X, Y. 


= —2 
pu y= 1 wan n,=1, o7=0 unm oyr=O0 Bce TOUKH Kop- 


PEIALMOHHOTO MpOcTpaHcTBa JiexKaT Ha COOTBETCTBY!OWel MoBepx- 
HOCTH perpeccuu. B sTOM cly4ae TOBOPAT O HaMMYHH TOMHOH (yHK- 
I[MOHaJIbHOH) 3ABHCHMOCTH Mey ZH X, Y. 

B cayyae, Korma 0<yH<1 un O<yH, <1, roBOpaT o HamMuHH 
KOPPeJIAMMOHHOH 3aBHCHMOCTH OoJlee HH MeHee TecHoH. Pa3symeetca, 
BCe 9TH 3AKJOUCHHA HAXe@KHbI JIMUIb B TOM Mepe, B KaKOH OHM OMH- 
paloTcA Ha GOO/IbUIoe KOHYeCTBO HaOsIOAeHHH. 


KoscbduineHT MHOXKECTBEHHOH KOpperAWMH Aid Tpex MepeMeHHbIx 


PaccmoTpum cslyual, uMeroujHh ocoOo BayKHoe 3HaueHHe B CTAa- 
THCTHUeCKOH TeOpHu HM MpakTHKe, Korga TeopeTHYeCKaA MOBEPXHOCTb 
perpeccuu ABsJAeTCA NIOcKOCTbIO (cM. puc. 48). 

B 9TOM caAy4ae TEOPeTHYeCKOe KOPPEMALHOHHOE OTHOLMECHHE Yzj/xy7 
HOCHT Ha3sBalue KOS@MUyUeHTA MNOICECTBEHHOU KOPPeAAKUU MV 060- 
3HauaeTcH OyKBOH R. 


Bulsox dopmyap R 


Bp —¥ (Zxy — Zz) 
a es 
GC, o, 
pH 9TOM 
Zry =a-+bx+cy (ypasnenne m1ocKocTH) 
z=a+tbx-+cy [cm. dopmyap (9. 1. 4’)]. 
Cre OBaTeJIbHO, 
1% = - 
— 2[b (x —x) + e(y— y)P? 
RR? sai fn fe eee, 
62 
: Zz 
= [bo (x — x)? + 7 Bet (y — 9)? + 
n \ 
ie — —) 1 
sro cafe 2 Bbe(e — x) (9 — y)| —. 
. a o, 
Ho | 
Eb? (x — x)? = OF E(x — 5) = Ys, 
n : 
+. ict (y — y)? = 0? — B (y — yP 0%}, 
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2 Bbc (x — x) (y— y) = 2be— B(x —x)(y— y) = 
: =2bCF , 9,5). 
Ov7Kyaa | | 
baa’, + C40) + ber zy8x4y | 


9 
Sz 


R? 


Ho [cm. d@opmyup (9. 1. 8)] 


Pinas Re 
7 1—riy 3 Sx 
es oe Sz Sz 
ws L=r,, Sy Oy” 


rie 8 H Y— YCOBHEIE OOOZHAYCHHA: 


g Vox —Vayl xy 


i 2 
(9. 2. 10) 
lay — Vax" xy 
Ca = = a 
1— ley 
OrTkyya 
R? = B? +? + 2pyr,,, (9. 2,11) 
IlpencTaBiM 3TO BbIpakKeHHe B BHC 
R* = 8 (B+ r,y) +4 (YA Bray): 
V3 (9.2.10) BbirekaeT 
Vax — Tay" xy Lay — Vaxl xy = 
Pity? Fe? xy = 
1 — ry l= 77) 
_ tex (1— riy) oe 
1 —- i 
aHaJIOrH4uO 
4 + Br. a Pay? 
OtTKyja 
Ree bro. + Yl: (9.2.12) 


Mopmyuia (9.2.12) umMeeT BaxKHIO'!e TEOPETHUECKOE 3HaYeHHe, KO- 
TOpOe BbIACHHTCA B CJIEYIOULEM naparpade. 
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3aMeHAa B 9TOH Popmyvie B uy ux BbIpamKeHHAMH (9. 2. 10), 








NOTYYaeM 
9 Pry a Tay" xy _ Fay Wee vy 
R ae tay ax : Foy — 
l—r 1—r 
*y xy 
te 2 
Vye 2 Vey ~ Shp Fal sie 7 
9 i 
] — ee 
Hrak, ‘ 
R = V2 SS, (9. 2. 13) 
te sa ae 


Koop ®HuucHT MHOMKeCTBEHHO KOppeAAUHH BCerma MoOKUTeNeH 


H 3ak7houaeTcA B npenenax or 0 zo | 
IIpupexem mpumepp Berucmenua R. 
Mpumep 1. To ra61. 53 paccuutraem KOSPPHUHEHT MHOKECTBEH- 
MPOW3BOAUTeAbHOCTbIO TPya, BO3pacToM 


HOH KOppeJAUMH MexK Ly 
HW CTamwKemM paOouero: 
0, 20: 0, 40 — 2-0,20-0, 40-080 


Rap ee 


0,072 —— 
= -—— == VY 0,20 = 0,447. 
=\/ 0,36 Vv 
Npumep 2. Ilo qanupmm taba. 54 paccantaem KOIPMHWLKHeEHT MHO- 
*KECTBCHHOH KOPPeJIANHH MeXKLY MpeLeOM BbIHOCHBOCTH, Mpesesom 
NPOUHOCTH Ha Pa3pblB MH MpesesOM TeKyYeCTH CTAaJH: 
0,814? + 0,881? — 2-0.814-0, 881-0, 896 — 0,887, 


bce Vy 0, 8962 


lipumep 3. [lo qannbim ta61. 55 paccuntaem KosdbuuneuT MHO- 
*KECTBEHHOH KOPPeJIALHH Mey YIPyrocTbio, pasMepoM 3aMKa 11 


MarHuTHoH NIPOHHIAeMOCThIO MOPUWHeEBbIXx KOJICIL: 
0,440: - + 0,305? — 2-0, 410-0, 305. 0,099 
ceva ee 508: 


sad “f= 1 ~ 0,099: 


Conoctasjenve KootppulMeHTOR MHOKeCTBeHHOH 
H NapHow KOppewalHn 

















MexAy KOsPDHIMeHTOM MHOXKECTBEHHOA KOppeanuuu R,, xy 
HK KaKANM H3 ABYX KOSPDHUHEHTOB NapHOl KOppeAWHH Fz, H 


r,y CyWkecTByeT CeAyiolMee COOTHOLIEHHE. 
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Kanani “3 KOIpPPHUHeCHTOB Pzy HW zy HE MOMeET MO aOcOJOT- 
How BeAMYHHe MpeBocxoanTh Kosbpuunent Az. ry] | 


Re. xy ead | (9. 2. 14) 
Rixcy 2 |Pzy| 


Qro MOHATHO H3 OOWHX JIOrH4eCKHX coo6paxenun. Bxmouaxr 
B ypaBHeHHe perpeccHH NOMOJIHHTeIbHBI 
apryMeHT, MbI Oovlee NOHO y3Haem @yHK- 
Hi. CxematTuyecku (mpH r 20) 9sTO yxc- 
HAeTCH Ha puc. 49, rae KpyxKaMH 0603Ha- 
yeHb! @aKkTOpbl, OMpeweimollve 3HaieHHA 
IIPH3HaKOB xX, Y, 2, a Molla NepeceyveHua 
3THX KPY2XXKOB CHMBOJIMYECKH o603HauaeT 
HasHuNe O6UIMX (akTOPOB H, CJIETOBAaTeJIb- 
HO, BeHYHHY KOsPDHUMeHTAa KOPpe/ALMH. 

OuesugHo, uro o6a KpyKKa X¥ UY OTCE- 
KaloT BMecTe OT Kpy2KkKa Z OOuIbLIy!o MN10- 
WWalb, YeM Kab W3 HUX B OTACAbHO- 





Puce. 49 


CTH. 
TlpuBotuM MaTeMaTHUeCKOe NOKa3aTeJIbCTBO COOTHOUTeHHK 
(9. 2. 14) | 
2 2 9 
2 2 Pov Pay T2eTeylxy 2 
Rete ee 
—T! 


xy 
2 v4 2 Ae | 
Pt ey — Wash zy xy — Can Tl axl ay 








; — 
b= 
(rey — zx x )? 
eo ON 50), 


2 
1—Pryy 


2 
Cnenonatearbxo, Ri.xy >rix, YTO MOKa3bipaeT NepBoe H3 COOTHO- 
wenn (9.2.14). Anamoru4uHo AoKasbiBpaercH BTOpoe COOTHOLIEHHE. 


KootpHunenT KoppesAUHH Kak MOKAasaTeb TOUHOCTH OWCHKH 


YpaBHeHHe perpeccHH MOKET 6bITb HCMHOMb3OBaHO AIA pacueTa 
(oueHKH) 3Ha¥eHHA PYHKIUMH MO aHHbIM 3HAaYeCHHAM ee apryMeHTOB. 
Tak, B Cayyae MapHon perpeccHH Z,=a-+-bx Mbl NO AaHHOMy 
3HAYCHHIO X PaCCUHTHBaeM Zx, KOTOPHIA HCHO-Tb3yeTCA DAA OUCH: 
KH HHAWBUAYaIbHOrO 3HaUeHHA Z. B cayyuae MHOHKE :TBEHHON pe- 
rpeccHu Zry=a+bx-+-cy nO AaHHbIM 3HA4CHHAM aPryMeHTOB X H 
y paccuHTbisaloT Zxy, KOTOPHIM cayKUT DAA ONeHKH VHAMBUAY - 
aapHoro Zz. Tipu Takom cmocoGe omeHKH (pacmpocTpaneHn nA cpez- 
HUX JMaHHbIX Ha HHAMBMyabHoe 3HayeHHe) BcerAd ONYCKaoT 
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OWHOKY, CpeqHHH pa3mep KOTOPOH 3aBHCHT OT KOadpdunnenTosB 
KOPPeTAWHM Pee H Re, xy, 

PaccMOTpHM Bolpoc 0 TOUHOCTH OLeHKH Ha KOHKPeTHOM TIpHMepe. 
Mocrynuma nmaptua nmopuiHespix KON, YROBMeETBOPAIOULaA CTaHmap- 
TaM yupyroctu (z): z2=1410, o, =83. Vs NapTHH B3ATO Hayfayy 
OMHO KOJIbIO. Tpe6yerca 2aTb oueHKy YOPYrocTuH AIA STOTO Kouba. 

OueBHAHO, Mbl MOXKeM CyAHTh 06 YMPYrocTH B3ATOTO KOIbIa 
TOJIbKO TO Cp@AHHM JaHHbIM WapTHy (cTaHfapty). OnHaKo IIpH 3TOM 
MBI ONYCTHM oumMOKy, cpeqHHi pasmep KOTOPOH BbIpawkaeTca craH- 
apToM o,. CreqopaTenbuo, oneHKa MoxeT 6BITE aHa B BHe 


zZ=—=z+ oy == 1410 + 83. 


Ilycrb Tenepb WIA B3ATOrO KOAbUA Ham H3BeCTe€H Pa3Mep 3aMKa 
x=19,0. aa onpenenenusn YUPyrocTW STOTO KOJIbILa MBI MOXKeM Boc- 


MOJIb3OBaTbCA YpaBHeHHeM perpeccun 2, =/87,1+34,666 x, ecau ato 
VPaBHeHHe yKa3aHO B CHCTeMe cTaHmapTos. IIpu x=19,0 nonyyaem 


2,=1445,7. Sto 3Hauenne OyMeT CYXKUTH OLeHKO YNpyroctTu B3A- 
TOrO Kouba. OHakO MpH TaKHx OUeHKax AonycKaetca omu6Ka, 


— 


CpeHHH pa3smMep KoTOpoii papex O;r. 


Moxasateab oj MOKeT ObITL BEIPaKeH Yepes KoOIhpuwuerr 
KOPPCAAMHH zx. B CaMOM geste, 43 cbopmyabl 





9 nd 
fey == 1 ta 3 
Zz 
NOY 4aeM 
on foe ee = 
sir = 07 V1 — ry. (9. 2. 15) 


B naueM c.lyyae rz,y=0,44, oTciona 
oir = 83)V' 1 — 0,44? = 74,7. 


CilelOBaTeIbHO, OKOHYATebHad OLleHKa YUPYrOcTH B3ATOFO KOuNb- 
Ila MOKeT ObITh RaHa B BHE e=Z,40;7 =1445,7+74,7. Onenxa 
cTala Oomee rHOKol, u60 ona MeHAeTCA B 3aBMCHMOCTH OT pa3Mepa 
3aMKa B KOJIbIL€, H TOUHOCTh STON OLeHKH YBeJIMUNaCb, TaK KaK 


Sip 5,. 


Tounoctb OleHKH yBesMUMBaeTCA TeM CHJIbHee, YeM OouIbIue KOId- 
PuuveHT KOppenauun MCKTY OUCHHBAeCMbLIM IIpH3Hakom (Zz) H ero 
apryMeHToM (x). 

Ilycrb Tenepb AIA B3aTOrO KoubIa onpemeieHa, KpOMe pa3mepa 
JaMKa, TakKxKe M M@rHHTHad Mpouuuaemoctra y= 14,0. 
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OueHky yNpyrocTH MOKHO aTb Ha OCHOBe ypaBHeHHA MHOXKECT- 
BeHHOH perpeccuHH 


Zxy = 762,12 + 32,70x« + 8,07y, 


eCJIH 9TO yPaBHeHHe yKa3aHO B CHCTeMe CTAaHapTos. 


Tloncrasiaa B ypaBHeHue x=19,0 un y=14,0, nomywaem 2, 
= 1496. Sto 3HaueHHe MCNOJb3yeM B Ka¥ecTBe HOBOM OILeHKH yiipy- 
rOcTH B3ATOrO KO/Ibia. OMHAKO Mpu 3TOM OWeHKe MoNycKaeTca OWH6- 


Ka, CheqHHM pa3Mep KOTOPOH paBeH 9;;7. 
Or PACC4HTbIBaeTCA NO Mopmyuae 


oyT = oy 1 — Re xy Ri. xy» (9. 2. 16) 
KOTOPanA BHIBOAHTCA H3 POPMyuH 
ae 
Ose 
Ria 1——S, 
ee 


B Hauwem cuydae 
Sir = 83/1 — 0,512 =71,4. 
Oueuky yipyrocTu B3ATOrO KOJbla 2aeM B BAe 
Z=Zxy + yp = 1496 + 71,4. 


TouHocTb HOBOM ONeCHKH BHILIe, YeEM TOUHOCTb NpenbIZyuiux 
OWeHOK, TaK Kak ajr< ap. YrenuueHve TOUHOCTH OUCHKH TeM 
CHJIbHee, 4EM OONbUIe OTAHYAeTCA KOSPMHUHEHT MHOXKECTBEHHOH 
KoppeAnHn Az xy OT KOSMDPUUNEHTA NapHOA KOPpeAUH zx. 
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ens i ne 








rTHABAX 
KOPPEJAWUA MHOPHX WEPEMEHHDIX 


IIpu u3yueHHH KOppeAWHH MHOrHX TlepeMeHHIbIX OPpaHH4HMcs 
HaHn6oulee BAKHIM WIA TpPHJIOKeHUH CyYaeM MPAMOJIMHEHHOH KOp- 
PpeIAIHH WH PaCCMOTPHM Tak2Ke HeKOTOPHle cMocoObl MpHBewenun 
KOPP@JAUHH K MIpAMOJIMHeHHOH. 


§ 1. YPABHEHHE MHODKECTBEHHOM PErPECCHH 
JIA p MEPEMEHHbIX 


YpaBHeHve NPAMOJIMHEHHOH perpeccuu p MepeMeHHbIX HUMeeT CuIe- 
AVIOWWH BHI: 


x1. eorteh — b, -i- D.X5 -+- 6X3 -1- eee -+- bX ps (10. l. 1) 


rAe X1,23..p — Cpemnee 3HaueHHe yHKIUMH xX,, COOTBETCTBYIOMLee 
3aaHHbIM 3HAYCHHAM APPYVEHTOB XQ, Xg,...Xp. 

IlpH pacyere napaMeTpoB S3TOrO ypaBHeHHA HCMOIb3yem MeTOL, 
M3JIOKeHHbIN B MpesAbIAyuleH rlaBe, B HECKOJIbKO H3MCHeEHHOM BH: 
Bce TlepeMeHHble H COOTHOINeHHA MeKAy HHMH OyeM BbIPaKaTb B 
CTaHapTu30BaHHOM MacuiTa6e. B 9sTom Mmacilirabe 3a Hauawio OT- 
cyueTa JWIA KaxKIOH MepemMeHHOH MpHHHMaeTcA 3HaveHHe cpesHer 
apHdpMeTHuecKOH, a 3a CMHHHWLY U3SMepeHHA — BeIH4UHHa CpemHero 
KBafpaTHyecKkoroO OTKIOHeHHA. B craHapTH30BaHHOM MaculTa6e 
VITPOULAIOTCA JIMHEHHbIe COOTHOWCHHA MEK Ly MepeMeHHBIMH, YTO OCO- 
6eHHO BaxKHO Ip H3y4eHHH 3aBHCHMOCTH MHorux MepemMeHHElx. V3- 
JOMCHHE HWWJIOCTPHpyeM IIPHMepoM. 

Ko puHTHBHad Cla, T. e@. BeIMYHHa MAariHTHOrTO HalpAKeHHA, 
KOTOpand TpeGyeTca JIA yCTPpaHeHHA OCTATOYHOTO MarHeTH3Ma, SAB- 
JINCTCA BaxKHeliWeH XaPaAKTePHCTHKOH SJIEKTPOTeXHHYeCKOrO MKevle3za 
tuna «ApMKo». Cra6oTouHad MpOMbILIJIeHHOCTb H 3aBOfbI, H3PrOTOB- 
JIMIOWMe CHeLHaIbHble IIpHOopbl, 3aHHTepecOBaHbl B CHH*KeHHH 
KOOPUHTHBHOM CHJIbI C WevIbIO Y/IYUIWeHHA MAPHHTHbIX CBOMCTB 2%KeJe3a 
«ADMKO». 
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laa BEIACHeHHA (aKkTOPOB, BJIMAIOWIMX Ha BeIMYHMHY KOSPUHTHB- 
Holl CHJIbI MO mMpeawowenuio LlentpambHo sadopaTopuu 3aBoya 
«Cepn u MovioT» H. K. Jle6enesol, P. B. Katkosoli u JI. WH. Kppiio- 
no Oblia MpoBeseHa cTaTHcTHYeCKaNn OOpaboTKa JabopaTOpHHIX MaH- 
lbIX HCIbITaHHH TeKYIUMX MWiaBoK 2%Kelesa <APMKO». 


[IpHBooHM B Be IpHMepa HeKOTOPhie pesy.bTaTHI STOH padorHl. 


Me r@0,555 





N2 danna 3epHa 


Puc. 50, 3aBHCHMOCTb M@XKAY KOIPMHTHBHOH CHAOH 
u 6anaoMm 3epHa. [lone KOppeaaunu H JHHHM perpec- 
CHH 


IIpexge Bcero H3y4alach KOPPeJIALMOHHAA 3a4BHCHMOCTb MeXAY 
NOKa3aTeJIAMH KOSPUHTHBHOH CHJIbI MH BeJIHYHHOH 3epHa MHKPpO- 
CTPYKTY PHI. 

TIpHBoquM Mole KOppeAWHH M JIMHHM perpeccHH KOSPUMTHBHOK 
CHJIbI 10 GOamty 3epHa (4eM Goulblle Oa, TEM MeJIbYe 3epHO) 
asa 190 o6pa3uoB xele3a <«ApMKo>». 

TIpupemeHuHble QaHHble yKa3blBalOT Ha HaJIHUHe MOJIOMKUTEIbHOK 
3aBHCHMOCTH M@KAY KOSPUMTHBHOH CHJIOH (x1) H OaNOM 3epHa 
(x2), KOTOPad MMeeT OTUETJIHBO BbIPaKeHHbIH MpPAMOJIMHeHHbIN Xa- 
paKkTep. 

YpaBHeHve TEOPeTHYeECKOH AWHHU perpeccuH xX, NO x, (B Ha- 
TYPabHOM MacuiTa6e): 


X1,9 = 0,38 + 0,128.x.. 


Koaddunnext Koppe aM 142 = V,500. 
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BesuynHa kKos@puwwenta KoppesiaAuNu (He CJIHUIKOM 6JIH3Kast 
K O u kK 1) NogTBepxKAaeT HaJIHUHe 3ABMCHMOCTH H OAHOBPeMeHHO 
YKa3bIBaeT Ha TO, UTO HapAay C BeHYHHOH 3epHa HMMeIOTCA HM APy- 
rue (akTOpbl, He 3aBHCALLMe WIM YaCTHYHO 3aBHCAULNe OT BeJIMUHHbI 
3epHa, KOTOPble TaKKe BJIMAIOT Ha BeIMYHHY KOSPIUMTHBHOH CHVIbI. 
K Takum qQakTopaM MNpHvaawexuT XHMHYeCKHH COCTaB *Kele3a 
<ApPMKo». 

Bausuve XuMuyecKoro cOcTaBa Ha KO3PILHTHBHYIO CHJIy MpoBe- 
pAJIOCb JWIA BC€X XHMHYeCKHX JJICMeHTOB, MPOMWeHTHOe CORepxKaHhe 
KOTOPHIX OMpeNeAOCh JIA Kaxkoro OOpasita. IIpHBoaMM Ba NOs 
KOPPCJIAUHH, Pe KOPPeAWHOHHAA 3aBHCHMOCTb OKasaslacb HanOovec 
OTYCTJIHBO BbIparxeHHOH. | 


PaccuuTaHHble 10 3THM MaHHbIM JIMHMM perpeccuu Hu KOIpdu- 
ILHEHTbI KOPPCJIALHH NOATBEPKAAIOT HaHUHe 3aBHCHMOCTH MeKAY 
KOIPUHTHBHOM CHIOH u COfMep2xKaHHeM yrviepowa HU Cepbl. OTH 3aBuH- 
CHMOCTH TaK>Ke HMEIOT IPAMOJIHHEHHbIH XapakTep 


X1,3 =0,70 + 15,43.x5, 73 = 0,301, 
X1,4 = 0,665 + 9,25x,, ry, = 0,372. 


Sanmaua 3akmIoualacb B TOM, YTOOb] H3YYHTb COBMeCTHOe BJIHA- 
HHe Tpex apryMeHTOB — BeJIHYHHbI 3epHa, COMepKaHHA yruiepona, 
COMepKaHHA Cepbl — Ha BeJIMYHHY KOSPIUMTHBHOH CHJIbI WH BbIABHTb 
BJIHAHMe KaXKOrO H3 HUX MPH MOCTOAHHbIX 3HAYCHHAX APYrHx. 

PemeHHe 2TOM 3a4a4uH, KaK H3BeCTHO, 3aTPYAHAeTCA Tem OfcTON- 
T@JIbCTBOM, 4TO APryMeHTHI, BJIMAHHe KOTOPbIX MCCeAyeTcA, MOryT 
HAXOMUTbCA MeXKTY coGOH B H3BECTHOM KOPPeJIAMHH, UH, CeOBaTeJIb- 
HO,. KawK aA H3 MapHbIX 3€BHCHMOCTeH OCJIOMKHACTCAH HEABHbIM BJINA- 
HHeM APyrux apryMeHTOB. PaccMOTpHM MNOSTOMY 3a4BHCHMOCTH MexAV 
apryMeHTaMH. 

Ha pune. 52 mpHBeqeHbl KOPpeIAWMOHHbIe MOJIA H JIMHHH perpec- 
CHH JIA 3aBHcHMocTel: Gam 3epHa — cogepKaHve yrviepoga, Oa 
sepHa — comepxKaHHe cepbl, cofmepxaHHe yrslepoza — cosepxaHue 
cepbl, H yKa3aHbl Kos@duunentThl KoppelaunH. IlocteqHaA 3aBHcH- 
MOCTh OKa3aJlacb Hav6oulee 3HadHTeIbHOH (r34—=0,334). Ona, no- 
BUJMMOMY, HMMe€eT H@CKOJIbKO KPHBOJIMHeEHHbIA XapakTep H JIHLJb 
MpHOJIM2KCHHO MOMKeT ObITb BbIPAKeHa YPaBHEHHeM TIPAMOM JIHHHI 


X3, 4= 0,0104 + 0,162.x,. 


Mepppie Be 3aBHCHMOCTH MaJO3HAYHTeIbHbE (P93 == 0,029, 
ro, ==0,179) c NpAMOJHHeEMHbIMH perpeccHAMH 


Xo.8 = 3,87 4~ 6,48.%5, 


Xo, 4== 3,32 -+ 19,39. 
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BoGE SEs 
HEL ENED 





Puc. 51. a) 3aBHCHMOCTD MEX Ay KOSPUHTHBHOA CHAO HW CONepaRaHveM yraepora, 6) 3aBHCHMOCTb MEY 
KOSPUHTHBHOM CHAOH H CORepxKaHHeM Ceph 
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Kosdhunuental KOPpeJIALHH WIA BCX 3ABHCHMOCTeH MOMELIEHDI 
B CBOZHOK Ta6a. 56. 





Ta6auya 56 
pecans KOOPMuUHENTOB KopperanHH 
K OS PUMTHB- Baan ORD NG: ConepoKa- 
Had CHa sepHa 
: , yraepona HHE ee 
abo las ere eit a 
KOspuHTHBHad CHa... ...e. * 0,555 0,301 0,372 
Baan 3epna Gea.ae ew ae |. LOGOD0 - 0,029 0,179 
ConepxaHHe yraepona . oe. aed O30! 0,029 * 0,334 
Comepwkanne cephl. .....- eee eh AOyST2 0,179 | 0,334 | * 





t 


TlepexoquM K pacueTy ypaBHeHHa MHOKeCTBeHHOM perpeccui. 
[Ipexae Bcero BOSHHKaeT BOMpoOc, AONYCTHMO JIM 3feCb NipesnoloxKe- 
HHe€ O JIMHeCHHOCTH MHOKEcTBeHHON perpeccun. Tlockombky MerTavvio- 
BemeHve B HaCTOAMee BPeMA He MaeT elle yKa3aHu O dopMe Takoll 
3A€BHCHMOCTH, MbI BbIHYK.CHBI pi peeaae een aHaJIH30M OMIbITHBIX 
JaHHbla. 

OcHOBHbIe MapHble 3aBHCHMOCTH KOSPULUTHBHOL CHJIbI OT B@JIH- 
UMHBI 3e€pHa, COMePpRKaHAA yrvieposa, COMepRKaHHA Cepbl HOCAT OTUeT- 
JIMBO MPAMOJIMHEHHbIM XapaKkTep: B3aHMOCBA3H MeKAY STHMH cak- 
TOPpaMH TaKKe MOMKHO CUMTATb MPAMOJIMHEHHBIMH, 3a HCKJIOUeHHeEM 
3ABHCHMOCTH MeKY COMepxKaHHeM yrviepofa WH COepxKaHvem cepHl, 
AJId KOTOPOM JIMHHA perpeccHH HMeeT CJlerKa HCKPHBJICHHbIM Xapak- 
Tep. | 

Hlanee cilekyeT 3aMeTHTb, UTO HalllId APryMeHTbI H3MCHAIOTCA B 
OCHOBHOM B CPpaBHHTeJIbHO Y3KHX Mpeflemax, pa3pellaeMblx TeXHu4e- 
CKHMH ycjloBuHaMH. M3 MaTeMaTH4eCKOrOo aHaJIv3a H3BeCTHO, YTO 
B JOCTATOYHO MaJIbIX MpOMeKyTKaX H3MeCHEHHA ApPryMeHTOB KDPHBO- 
JIMHeMHbIe 3ABHCHMOCTH MOryT ObITb C AOCTATOUHOW TOUHOCTbIO BOC- 
MpOH3BeeHbI SaBHCHMOCTAMH TIpaAMoOJHHeHHEIMH. TlostToMy MOKHO 
CUHTaTb, 4YTO MpemNouoKeHve O NPHONMKeHHOH NpAMOMHHEMHOCTH 
MHOXKECTBEHHOM perpeccHH (KOSPUHTHBHaA CHa — Oan 3epHa — 
coflepxKaHHe yrviepoqa — cogepxaHwe cepbl) HUMeeT MOCTATOUHBIE 
OCHOBAaHHA. 

Bbipa3uM NpeABapHTeJIbHO BCe MepeMeHHble H 3ABHCHMOCTH MexK- 
Hy HHMH B CTAHJapTH30BaHHOM MaculTa6e. PopmMyia nMepeBona 


fa (10. 1. 2) 





rae < — 3HaueHHe MpH3Haka B HaTypaAbHOM MaculTa6e; 


t,— cooTBeTcTBy1omee 3Ha4UeHHE B CTaHapTH30BaHHOM Mac- 
wTa6e, 


AvatoruuHo onpeneamortcs ¢,, t;. 
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B ctaHapTu30BaHHOM MacuiTa6e, KaK JlerKO BUeTb, cpemHec 
3HaveHHe MpH3Haka paBuo 0, a cpeqHee KBagpaTuyeckoe OTKIOHEHHe 
paBHo | 


t= 0, 
a,== 1, 
B COOTBeTCTBHH C 3THM YIPOWaloTcA (OpMyJIbI OCHOBHBIX MoKa- 


3aTeleH JIMHeHHOH KoppesiauuH. Tak, kKos@®uluMeHT KOppesALHH 
M@KTY CTaHapTH30BaHHbIMH MepeMeHHHIMH BbIpakaetca PopMy.JIon 


r= —2t,t,, (10. 1. 3) 


(OH, OUeBHAHO, PaBeH KOS@MuUMeCHTY KOPPeIALMH MexKAy MepeMeu- 
HbIMH, BbIDaKeCHHbIMH B HaTypaJIbHOM MaculTa6e). 


YpasBHeHve MpAMOHM perpeccHH B CTAHAapTH30BaHHOM MacluuTa6e 


ty. xe = Pyls (10. 1. 4) 


B H€M OTCYTCTBYeT CBOOOAHbIM wileH, a KOSPMUUHEHTOM perpeccHH 
ABJIACTCA FP yy. 


YpaBHeHHe MHOXKECTBEHHOH MPAMOJIMHEHHOM perpeccHH B CTaH- 
apTH3OBaHHOM MacilTa6e HMeeT BU 


£1. 23...p = Bote + Bats +--+ Botps (10. 1. 5) 
roe t,, t;,...¢, — CTaHapTH30OBaHHble SHAaYCHHA MePeMCHHHIX Xa, 
X35 ees Xn) 


t1.93..» — CPeMHee 3HaueHUe CTAHAAPTH3OBaHHOH Mepemer- 
HOH ¢,, COOTBeETCTBYIOMLCe 34MaHHbIM 3HAaYCHHAM 
HepeMeHHbIX fy, f3,...6,; 


Bo, Bs,...8, — CTaHAApTH3OBaHHbe KOS(PPHIMeHTH MHOXKECT- 
BCHHOM PerpeccHH HaXOAATCA H3 yC0BHA 


E lt, — t.93...o|?—= min, (10. 1. 6) 


KOTOPOe MPUBOAHT K CIeAyIollelH CHCTeMe HOPMAaJIbHbIX ypaBHeHHH: 


rio == Bo + Bass + Balan +. + BF pe 
113 == Boros + Bs + Barus +. -- +B, Pps (10. 1. 7) 


Pin = Bol 2p a B33, a Bal ay ‘aig B,, 


Cuctema ypasHennit (10.1.7) momyuntca u3 ycnosua (10.1.6), 
Kora Mbl IpHpaBHsem O uacTHble MpOM3sBoOAHbIe 10 Pe, Bs,--.-B, 
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®yHKWYH 
| f= — D[t,— tes.p 2 = — Z[t,— Bf, — Bat, —... —B,t,? 
H 34MCTHM, 4TO ° 


] 1 
— Bt = | H — BEES Tay, 


JlerKo BUAeTb, ITO CBOOOAHEI WieH B CTaH 
H€HHH [MpAMOJIMHeEMHOM MHOxKecTBe 
B caMOM jlewle, eCIH HanucaTb 
CHH CO CBOOOAHBIM WJIeHOM 


AaPpTH30BaHHOM ypaB- 
HHOH perpeccuH oTcyTcTByer. 
ypaBHeHHe MHOXKECTBEHHON perpec- 


th, 23...p = B, Ss Bote = B3f3 +- cae +8,t,,, 


TO B CHJly ycoBua (10.1.6) K cucreme (10.1.7) no6aButca ypab- 
HeHHe | 
& (2, — Bi — Bot, — Batp —... -—Bt,] = 0. 
Otkyza 8, =0. 


Pemaa cuctemy (10. 1.7), 
KOSMPAUHEHTOB Bo, Be, ee 
PeweHve MoxeT OBITh 3anHCaHO B Bue 


MbI TIOQAYYHM HCKOMBIC€ 3HauUeHHA 


A; 
= —— i= 
B, A ) 2, 3, P, 
rae 
eee ee I 52 
A= Pog l V43.-+-T ys ae (10. Ie 8) 
lon Tay Ven l 


OnpeAesIHTeb CucTembI (10. 1.7), A, NoyyaeTca 43 ompefenutena A 


34MCHOH B HEM COOTBETCTBYIOWero cTONOIa CTOMGIOM cCBOOORHBIX 
WI€HOB CHCcTeMbI (10. 1.7). | 


Tak, Is Halllero mpuMepa cuctema HOPM@JIbHbIX ypaBHeHHt 


0,555= B, + 8,-0,029 -+- B,-0,179 

0,301 == B,-0,029 + B, + B,-0,334 }- 

0,372 = B,-0,179 + B,-0,334 +- 8, 
PelleHHe CHCTe@MH 


Ao A A 
= B=. a ear 
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i 0,029 —Ss«O,179 
roe A=! 0,029 1 033412 

0,179 0,334 1 

= 1 _ Jo ogg} 99029 0,334 | 

0,334 0,179 1 
a 
+. 0,179 =(1 — 0,3342) — 
P | 0,179 sear’ ( ane 


— 0,029 (0,029 — 0,334-0,179)-+ 0,179 (0,029 -0,334 —0,179) = 
== (1 — 0,112) — 0,029 ><(0,029 — 0,060) + 0,179 (0,010 — 

— 0,179) = 0,888 + 0,929 x 0,031 —0,179-0,169 = 0,888 + 
-+.0,001 — 0,030 = 0,859: 











0,555 0,029 0,179 1 0,334 
4o=! 0,301 0,334 | = 0,559 = 
0,372 0,334 ! 0334 1 | 
— 0,028] 0,301 _ | 40,179 | 301 l - 
0,372 0,372 0,334 


= 0,555 (1 — 0,334?) — ines (0,301 — 0,334-0,372) + 
+- 0,179 (0,301 -0,334 — 0,372) = 0,440. 


AHaAOrH¥HbIM O6pa30M paccuHTbiBaeM 











1 0,555 0,179 
4;==| 0,029 0,301 0,334 = 0,186; 
0,179 0,372 I 
1 0,029 0,555 
A, = 0,029 ] 0,301 |= 90,179. 
0.179 0,334 0,372 
Orca 
0,440 __ 
Bo = 0,859 0,512, 
0,186 
8, = 0.859 7 a 0,217, 
0;179 
= 0.859 = 0,208. 


TIpopepsem pewieHHe mogzcTaHoBKouw B cucTemy (10. 1. 7) | 
0,555 = 0,512 + 0,217-0,029 + 0,208-0,179 = 
== 0,512 + 0,006 +- 0,037 == 0,555; 
0,301 = 0,512-0,029 -++ 0,217 + 0,208 0,334 =- 
= 0,0148 + 0,217 + 0,0695 = 0,301; 
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0,372 = 0,512-0,179 +-0,217-0,334 + 0,208 = 
= 0,092 + 0,072 + 0,208 — 0,372. 


Cuctema yZoBjersopserca. 


Popmyant (10.1.8) nonesupr B TEOPeCTHYeCKHX HCCIENOBAHHRX. 
OfHako BHINHCeHve onpenenuteneht He aBNaeTCA Mpocrenuium ny- 
TEM 4HCCHHOrO pellieHuA CucTembI (10. 1.7). 


Bosee npoctsim aBsaetca croco6é NOCJI€OBAaTeNIbHOrO HCKJIIOUeHHA 
H€H3BECTHBIX, KOTOPbIH MbI NOKa3bIBaeM Ha TOM 2xxKe mipHMepe: 


I. (1) 0,555 = B, + By+0,029 +8, -0,179: 
(2) 0,301 = 8,-0,029 + By +-8,-0,334: 
(3) 0,372 =8,-0,179 + B, -0,334 +-B,. 
Il. (1), (2), (3) aeaum wa Koabunuent mp 8, momvyyaem 
(1)’ 0,555 = B, + B;-0,029 + B,-0,179: 
(2)’ 10,380 = 8, + 8,-34,483 + 8,-1 1,517; 
(3! 2,078 =, + 8,-1,866 + B, -5,587. 


Ii. Beruataem 43 ypapnenua (2)’ ypaBHenue (1)’ uw u3 ypapne- 
HHA (3)” ypaBHenue (1)’ | 


(2)’ — (1) 9,825 = 8,-34,454 + 8, . 11,338: 
(3)’ —(1)’ 1,523 = 8,- 1,837 + 8, .5,408. 


IV. JlenumM mpeybiayuyve ypapnenua na KoshPuUHeHTH! MmpH Bs, 
nowyyaem | 


(1)” 0,285 = B, + 8,-0,329; 
(2)" 0,829 = B, + 8,-2.944. 

V. Betunraem “3 ypasHenua (2)” ypaBHenHe (1)” 
(2)” — (1)” 0,544 = 8,-2,615: 


0,544 
8, a 2.615 —— 0,208. 


MoactanosKod B, 8 (1)” nozyyaem 
Bs = 0,285 — 0,208-0,329 = 0,217. 
Moactanosxol 8, u B, B (1)’ nowyuaem = 
2 = 0,555 — 0,217+0,029 — 0,208-0,179 = 0,512. 
Peuienue nposepsem NOACTAHOBKOH B cucremy: (10. Lone 


=" 
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[Ip 6obuWIOM KO/HeCTBeE apryMeHTOB levslecooOpa3sHo K ypas- 
HEHHIO MHOMKECTBCHHOM perpeccHH, OXBaTbIBaIOLeMy BCe apryMeHTHI, 
NomoliTH He cpa3y, a NocTemeHHO YBeAHYHBaA YMCIO BKJOUAeMbIX 
B ypaBHenue apryMeHTos. IIpn 9TOM HaMeKUT OTMPAaBJIATECA OT 
ypaBHeHHA MapHow perpeccuH Mo BefyMleMy apryMeHTy H NOCIeAO- 
BaTeJIbHO HPHCOEAHHATD K STOMY YPaBHeHHIO HOBbIe apryMeHTHI B MO- 
pake HX 3Ha4yHMOCTH. CuleqA 3a H3MCHEHHEM KosdunneHtos B, 
Hoce KaxKHOrO MpHCoeRWHeHHA HOBOTO aPryMeHTa, MBI CMO2KEM 
Wye OPHCHTHPOBATbCA B MPOMCXOKMCHHH OKOHUATCVIDHDIX PCSY Jb: 
TATOB H 6oulee MpaBHJIbHO HCTOJIKOBaTb HX CMBICJI. 

Mero nocslefoBaTebHOrO BKJIIOUCHHA AaPryMECHTOB Mb! HCIIOVIb- 
3yem B pa3aeie IV, B NpHMepe HCCeOBAHMA BAMAHMA XUMMUCCKOTO 
cocTaBa Ha YapHy!0 BASKOCTb CTA 30XITCA. 

KosddunvenTal Be, Bs,... B, WOKaSbIBaIOT, Ha KaKY!O WaCTb CHrMbl 
U3MCHWOCb Obl CpeHee 3HaveHHe CYHKIUWMH, ECM Obl COOTBETCTBYIO- 
uMii apryMeHT yBeJINuHICA Ha CHrMy, a Npoune apryMeHTbl ocTa- 
juch 603 H3MeHeHHA. OHH BbIpaxKaioT, TAKAM OOPa30M, CKOPOCTb H3- 
MeHCHHA CpemHero 3HaveHHa *yHKUMH TO KaxkKOMy H3 apryMCHTOB 
{ip TOCTOAHHBIX 3HAYeHHAX MpOunX apryMeHTOB. Tlockoupky Bce 
fepeMeHHbIe BbIpaxkeHbl Np ITOM B CpaBHHMbIX CAMHHMIaXx H3Mepe- 
Hua (curMax), TO KoapulveHTbi Be, fs,... 6, HoKasbiBaioT CpaBHu- 
T@JIbHYIO CUAY BAUAKUA U3MeHCHHA KaKRON TepeMeHHOH Ha H3MeHe- 
Hue PyHKWHOHAaJIbHOTO MpH3Haka. 

B Hawlem npumepe ypaBHeHHe MHOKeCTBEHHOM PerpeccHH B CTAH- 
fapTH3OBaHHOM Macilrabe OKa3aJl0Cb 


t1. 004 == 0,512t, + 0,217t, + 0,208%,. 


CneopaTeibHo, HavOouibluee BIHAHHe Ha KOSPUNTHBHY!O CHVIY 
MeO H3MeHeHHe BeMUHHEI 3epHa. C yMeHbIlleHHeM OaJia sepHa 
Ha OMY CHrMy (Ip MOCTOAHHOM COoflep2KaHuu Cu S) KoopuuTHBHad 
cusla yMeHbIUaeTCA B CpeAHeM IIPHMepHO Ha 0,5 curmMbl. GHadHTeJIbHO 
MeHbIee H MIpHOJH3HTeIbHO PaBHOe B/IHAHMe Ha H3MeHCHHe KOOPUN- 
THBHOM CHIbl MMeO ComepxKaHHe C u S. C w3MeHeHHeM KarKAOrO HS: 
9THX tbakTOpoB Ha OMHy CHrMy (pH Mpounx MOCTOAHHBIX YCJIOBHAX ) 
KO9PUMTHBHad CHJIa H3MeHAeTCA JIMUIb Ha 0,2 curmpl. Jia mpakTH- 
YeCKOFO HCHOJb30BaHHA 3TH 3aBHCHMOCTH OJIKHBI 6bITb BbIPaKeHbl 
B HaTypaJIbHOM Macilra6e. 

YpaBHeHHe MHOMKECTBEHHOH perpeccHl B HaTypaJIbHOM MacluTabe 
uMeeT BH 


X1.23...p =O, + bgXy+ 03x35 +... + Op%Xp- 
NospuHuHeHTH Dy, 2, b3,...,0, 9TOrO ypaBHeHHA MOAY WawoTca 
Ho PopMy1aM 


eo a a ? 
a ee 7 (10. 1.9) 


- b, == X1 — 0.X_ — 05X3 — a .— 0,X, 
«ie X, H 6, — COOTBETCTBEHHO CpemHHe apH@MeTAyeCcKHe i cpeqHHe 
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KBapaTH¥eCCKHE OTKJIOHCHHA COOTBETCTBYIOINHX MpH3HaKOB. Te xe 
3HaveHHA KOSPMHUMEHTOB 6; MOXKHO ObiWIO Obl NOJYYMTD H HeENO- 
CPeACTBEHHO H3 YCJIOBHA 


2 (x, — 0, — box, — bgx, —. .»— 6,x,)* = min, (10. 1. 10) 
TaK KaK JIerKO MOKa3aTb, uTO ycoBuA (10.1.6) u (10.1.10) mare- 


MATHYCCKH SKBHBAJICHTHLI. | 
Mpusogum Ta6anny x, u o,, paCCYHTAaHHEIX MO AaHHEIM Hallero 

















npymMepa. 
Ta6auua 57 
Moka3atean Py 
Eg nine ee 7 
l. KospuuTHBHad cuaa.. . 0,929 0,205 
2. Bana sepHa.. ..... 3,87 0,893 
3. Conepkanue yraepona . . 0,0150 0,0040 
4. Comepmanne cepph ....| 0,0285 0, 0082 
Orciona 4 
, 0,205 
b, =f, — = 0,512. “2 = 0,118: 
2= Bs gy 0,893 
by = B,-* = 0,217- 2-8 1] 19- 
om 0 ,0040 | 
0,205 
b, = 8, — = 0,208. ——"- — 5 200: 
= B S 0 ,0082 ‘ 


by = X, — box, — b,x, — b,x, = 0,929 — 0,118-3,87 — 
— 11,12-0,015 — 5,2-0,0285 = 0,157 


MH ypaBHeHHe perpeccHu B HaTYpaJibHOM MaclTa6e 


X1.204 = 0,157 +.0,118x, + 11,125 + 5,20x,. 


§ 2. YPABHEHHE 4HCTOAM PErPECCHH 


YpapueHue 4HcTOH perpeccHH OTBe4aeT Ha BONPOC: Kak #3- 
MeHHMOCb Obl CpeqHee 3HayeHHe (PYHKIHH x, C H3Me@HEHHeEM paga 
QPryMCHTOB Xz, X3,... Xp, ECAH Ob APyrve yUHTbIBAaeMbIe apry- 
MCHTE] X11, Xp.9,--- Xp, OMIM 3aKpeneHH Ha cpe Hem 
yposHeP | : 

YpaBHeHHe 4HCTOM perpeccuu nNOAy4aeTca 43 ypaBHeHHA MHO- 
KECTBCHHOH perpeccHH, eCH B NOCWeAHEM Ha M@CTO 3Ha¥eHHA 
Xests Xpyor+ ++ Xp MOMCTABHTb CPCMHHE X, 41, Xpi nr e+ Xp. 
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OueBHAHO, 4TO 3TA OllepallHA OTPaxKaeTCA AMWh Ha CBOGOTHOM 
wWieHe yPaBHeCHHA MHOXKeCTBCHHOM JIMHEHHOH perpeccuu. CBo6onHbIh 
WIEH YPaBHeHHA YHCTOH JIMHEHHOM perpeccHH MOXKHO paccyuHTaTb Tio 


dopmvate 
b, (k+1, #+2, ...p) = b, -E Orsi Xp fe DeroXes2+... {- bX, (10. 2. 1) 
@ ypaBHeHve YHCTOH perpeccHH NHUIeTCA CJIeEYIOWHM O6pa30m 


X1,23...8 (R41, R+2,..p) = O1 (k41, k4+2,..p)- 


+ Dy Xy + Bax3-+ 2. +B Xp (10. 2. 2) 


rae b.,, 6;,... 6,—KoapPuuveHTH, HEMOCPeACTBEHHO B3ATHE H3 
YPaBHeHHA MHOKECTBEHHOH perpeccHH x, NO 

N€PECMCHHBIM Xp, X3... Xp. 

[]pome scero ypaBHeHve 4HCTOH perpeccHH 3anHCaTb B CTAaH- 
AaPTH30BaHHOM MacClulTaOe; WIA 9TOrO B YpaBHeHHH MHOKeCTBEHHON 


perpecCHH HyXHO MIPOCTO ONMYCTHTb WIeHbI C 3aKkpellJIdeMbIMH Tepe- 
MCHHbIMH: 


£103... (#41, £42, py = Bole + Bats +... + Bet, (10.2.3) 


PaccuvTaem M0 aHHbIM Hallero MpHMepa YUCTy!O MHI perpec- 
CHH KOSPUHTHBHOH CHJIbI M0 Gay 3epHa NpH 3aKpenJIeHHOM cosep- 
*KaHHH yrviepowa u CepBl. 


B cTaHapTv30BaHHOM MaciuTa6be 
t, 234) => 0,512¢,. 
B watypaibHom maciwta6e 


X1, 2 a4) = (0,157 + 11,12-0,0150 + 5,20-0,0285) + 0,118.x, = 
= 0,472 + 0,11&x,. 


CpaBHHM MO/JlyueHHoe ypaBHeHHe YMCTOH perpeccHu Cc ypaBHeHHeM 
HpocToH perpeccHu WIA TeX Ke MPH3HaKOB 


X1, 2(34) == 0,472 + 0,118, 
— ypaBHeHHe YHCTOH perpeccuy, 


X1,9 = 0,430 +0, 127, 
-—- ypaBHeHHe MpocToh perpeccuu. 


B nepBoM ypaBHeHHH [10 CpaBHeHHIO CO BTOPbIM YMeHbILMACH 
KOSPHUHeHT perpeccHH H YBEJIMYMJICA CBOOOAHDIH WieH. ITOMY 
ABJICHHIO MOMKHO JaTb Clezyroulee OObACHeHHe. B ypaBHeHHu OOGBIK- 
HOBeEHHOH perpeccHH BJIMAHHe apryMeHTa X_ Ha @YHKIUHW x; SbIVIO 
OCJIOMKHEHO HEABHDbIM BJIMAHHEM KOPPeJIHWHOHHO CBA3AHHBIX C Xe apry- 
MCHTOB X3 H X4. 

J\Jid W1aBok C 6O/IbIUHM Ppa3MepOM 3epHa MBI HMeJIN, B CHAY STOH 
KOPPeIALLUH, HM HECKOJIbKO GOosbiiee comepxaHne C u S. Tlostomy 
B OOLIKHOBEHHOH perpeccHi BJIHAHHe pa3sMepa 3epHa Ha KOSPILHTHB- 
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HYIO CHJIY HECKOJIDKO TIpeyBesIHYeHO 3a CYeT CONYTCTBYIOMNETO BIHA- 
Hua C u S. B ypaBHenuu uucToh perpeccuH MbI OCBOOOsHIHCh OT 
3TOrO BJIMAHHA, 3akpelMB comepxaHHe C u S Ha cpemHem ypoBuHe. 
B pe3ybTate 3aKpenmeHHA yBeHUHJICA NOCTOAHHBIA wWieH ypaBHe- 
HHA HW YMeHbIUHJICA KOSDUUMeEHT perpeccuu. 

YpaBHeHHe 4HCTOH perpeccHH HMeeT CMBIC BBLIYHCIATS TOF, 
Kora HCKIO“aeMbie MepeMeHHble He CHJIbHO CBA3AHbI C MepeMeHHbI- 
MH, OCTAIOWWMMHCA B ypaBHeHuH. Kora xe 3Ta 3€BHCHMOCTp BeJIHKA, 
leecooOpa3sHO pacC4HTHIBaTb TaK Ha3bIBaeMble ypaBHeHHA YACTHOLX 
peepeccuu, re HCKsO“WaeMbIe MEPeEMeHHHle 3aKPeIIAIOTCA He Ha Cper- 
HHX, 4 Ha APyrHX YpOBHAX, BbIOPpaHHbIX B COOTBeETCTBHM C HHTepecy- 
IOWWMMH HaC y¥aCTKAaMH H3MCHeEHHA OCHOBHbIX Ie@peCMeHHBIX, OCTAB- 
WIHXCH B ypaBHeHHH. B 3TOM cilyyae ypaBHeHHe YHCTOH perpeccHH MO- 
KET YTPaTHTb CBOe peaJIbHOe COMeEp2xKaHue. 


§ 3. KOS@®HILHEHT MHODKECTBEHHOR KOPPEJIALLHH 


TeopeTHuecKkoe MHOKECTBCHHOE KOPPCAANMOHHOe OTHOMeHHE 
%1.93.. pr ONPemerneTcA NO dopmyvre 


— 


32 
Wo. pp =e (10. 3. 1) 


2 
ba | 


aay l — — 5) 
rie 8 3,..pT== 2 [ x4, 3...p— x,]?; o = E(x, ae x,)*. 


B cayyae MpAMOJHHeHHOH KOppeAluH STO OTHOMeHHe Ha3Hl- 
BaeTCH KOSMMHUMEHTOM MHOMKECCTBEHHOH KoppesAuHH Rj. 93... p 


Takum O6pa30M, KosHpuuwert MHOxXecTBeEHHOA KOpPperALNN 
Ri.3..9 XapakTepH3yeT TeCHOTy CBA3H NmepeMeHHOA x, C COBO- 
KYNHOCTbIO NC€PECMCHHHIX Xo, X3,... X, B CYUae NPAMOMHHEAHOR 
KoppemuHH. MO#xKHO NOKa3aTb, 4TO Ry. 23...p BbIpaKaeTcA PopMy- 


AOR 
R123.) = V Borie + Bsry3 +--+ Bol im (10. 3. 2) 


KOTOpanh aHaJlorHyHa dopmyvie (9. 2. 12) aaa cryuaa Tpex nepemeH- 

HbIxX. TIPHBOAMM BbIBOZ mdopmMywp (10.3.2). 
Bolpaxkana MepeMeHHble B CTAHAapTH30BaHHOM MaCcluTaGe, Noy4HM 
Ri. 23...p =" “. ¥ (t1.23...p fe (10. 3. 3) 


rae th. 23...p = Baty + Bots -+...+8,t,. 
PMopmyay (10.3.3) 3anvmem B BHZe 


| rs —_—— 
Ri. 23 xf == an xh, 23...p (Bot. = Baz ar 2a + Bot.) 7 Ba — bh, 23... p bot- 
+ Be ~ Uti. 23...pt3+..- +8, a Lt. 2...p ty. (10. 3. 4) 
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HO 3 yCvIOBMA HaHMeHbIUMX KBaApaToB 


X[t, — th, 93...p |? = min ~ (10. 3. 5) 


MPHXORHM K CHCTEMe€ HOPMAJIbHBIX yPpaBHeHH, KOTOPy!lO MOXKHO 3a- 
nHCaTb B Bue 


x [t, eee 23...p ] t. — 0 


D[t, — tr...» | tg=0 |, (10. 3. 6) 
“[t,—- £1.93... | t, = 0 


—th93. pte as Ltt, == Tyo, 
ht 


Sy eee ge 3 eer 
fh 


l yz I 
‘i. Xf1.93...p t 5 ek ip: 
llogcrassina B d@opmysy (10.3.4), nomyuum 
Ri. 23... = Bal 12 2 Bsr'13 ae a ae Bol tp: 


Orkya BbiTeKaet dopmyaa (10. 3.2). 


BpluaCAHM KOSPDUUMCHT MHOMKECTBEHHOH KOPpeIAUHH NO jAaH- 
HbIM Hallero lIpHMepa 


Ri. 234 = V Bort. i Bsr3 + Bry, = 
= VY 0,512-0,555 + 0,217-0,301 + 0,208-0,372 = 


=YV 0,2842 + 0,0653 +-0,0774 = V 0,4269 = 0,653. 


TecHota 3aBHCHMOCTH KOS9PIHTHBHOK CHJIbl C TPeMA apryMeHTamuH, 
KaK H CAeQOBaJIO OKHAATb, OKa3alaCb 3HAYHTeJIbHO OO/bIe, 4eM 
TECHOTA 3€BHCHMOCTH KOSPILMTHBHOM CHVJIbI C KadKIbIM H3 apryMeHTOB 
B OTAGJIbHOCTH. 

KosP@uuveHT MHOKECTBEHHOH KOPPeIAWWH MOXKHO PaCCYUTaTb 
TakxKe H 110 ClenylouleH Mopmyvie 





At 

Ri. 23... = Ve (10, 3. 7) 

re Pie: St aac Ti O 
| | 1 Fog Ten Vey 
es = Te 1 Tp 131]; 

lor Uys 1 Py 
KOTOpan modyyaetca u3 Mopmy (10.1.8) uw (10.3.2) mpoctbim 
npeo6pa3z0BaHHeM. 
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IIpopegem no sto dopmyvze pacuet R123, aa HaMlero mpu- 








mepa: 
0,555 0,301 0,372 0 
oe 0,029 0,179 0,555] __ 
0,029 1 0,334 0,301| 
0,179 0,334 1 0,372 
0,029 0,179 0,555 \ 0,179 0,555 
== 0,555 | 1 0,334 0,301}— 0,301 }0,029 0,334 0,301) + 
0,334 1 0,372 0,179 1 0,372 
1 0,029 0,555 
+ 0,372|0,029 1 0,301 | = 0,535-0,440 — 








0,179 0,334 0,372 
— 0,301 -(— 0,186) + 0,372-0,179 = 0,367, 


1 0,029 0,179 
==10,029 1 0,334 | = 0,859, 
10,179 0,334 1 | 





Ri, 234 = we EOOE = VY 0,427 = 0,653, 


GTO COBMawaeT C NOJYYEHHbSIM PaHee 3HAYCHHEM. 


§ 4. IPHBEXEHME MHODKECTBEHHOM KOPPEJIAWHH K JIMHEAHOMY 
BHJY NYTEM ®YHKILMOHAJIbHOFO MPEOBPASOBAHHS 
| NEPEMEHHbIX 


B page caydaeB MHOKECTBEHHYIO KOPPeJIAWHIO MOMKHO MpHBeCcTH 

K JIMHEHHOMY BHAY MyTeM COOTBETCTBYyIOIWero mpeoOpasoBaHuA MIN 

Hafiexawuero BbEl6opa nepemeHHbIx. Uacro ucnob3syeTcA Morapud- 

, MHMYecKoe mpeoOpasopaHve, MPH KOTOPOM 3Ha¥eHHA KOppeIMpyeMbIXx 

TICPEMCHHEIX 3AMCHAIOTCA HX JIOrapHdMamu. JTo mpeoOpasopanne 
BeleT K eH, CCIM IIPH3HaKH CBA3AHbI COOTHOIWeHHEM Bia 


Xy = UX XP XT wee, | (10. 4. 1) 
rhe u, UV, W, Z,...— JONOJHHTEJIbHbIe ae CX€MbI, Koppe- 
AAWHOHHO He saBHcalne OT 18 Xq, Ig x3, Ig xy, .. 

Torna nocne orapadMupoBaHHA OpMy.1H (10. 4.1) uw 3a- 


MeHH TepeMeHHHX Igx,—y,, Igx,—Y¥2, Ig%3= 3, Igx,—= yy, 
lgu==a@, Nomyyaem © | 


| Vy = UW, + VV2+ WYg + 2+ .-., (10. 4. 2) 
rhe “u, VU, W, Z,... KOPPCAANHOHHO HE 3aBMCAT OT Yo, Va, We--- 
| | | | WT 
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Ocepequaa ypaspHenve (10. 4. 2), nozyaaem 


V1.04= a+ by, + cy, +dy,+..., (10. 4. 3) 


rae a, b, c, d,...—MOcTOAHHHe, cooTBeTcTByIOUHe Cp@AHHM 
SHAUCHHAM (*akTOPOB UU, V, W, Z,... HW OMpemermempe nO cno- 


coOy HaMMeHbIUHxX KBagpaTos. [Ipakruyeckn 9tor cAyuan pacno- 
3HaeTCA, CCIM B ABOHHbIX JIOrapHMHyecKHX KOOPAHHaTax HapHbie 
3aBHCHMOCTH NIPH3HAaKOB X1, X2, X3, X4,... HMCIOT MPAMOMHHeHHE xa- 
PakTep HIM CCJIM JIMHHM PerpeccHH MexKAy JorapHpMaMu 3THx IIpH- 
3HAKOB IIPAMOVJIMHEHHBI. 


Bosiee o6ujad cxema Jelicraua cbakTopos, BbIpAamKaemaa ypaBHe- 


HHem 
v_ Xx 
X, = UXoW”..., (10. 4. 4) 
Pile JOMNOIHHTeCIbHbIe akTophl CXEMBI HU, UV, W,... CTaTHCTH- 
NCCKH H€ 3aBHCAT OT Xo, X3,..., TAKIKE NDpHBOJHTCA K JAHHeH- 


HOH cxeme (A —M-—H) nytem sorapudmupopanua ypaBHeHua 
(10. 4.4) H 3aMeHbI NepeMeHHbIX 


Igxy= 1, IexX,— Vg, 3 = Vz, Igu=—nu,, v=, Igw=wW,,... 
Vy = 4, + VyYet+ Wyse t+... 


IIpaxruyecka sTOT cayyah pacno3Haetca, ecu napHne 3aBH- 
CHMOCTH MOXKTY X,, X., X3,... B KOOPAHHATHHX CeTKax C sora- 
PHPMHUCCKHM MACIITAOOM NO OCAM xX, H X_ H HaTYPaABHBIM nO 
OCH X3 HMCIOT IIPAMOJHHeCHHBIA XapaKTep. 


NMpumep. Ycrahopum no faHHbim Ta6a. 2 nputomwxenua I 3aBn- 
CHMOCTb Me€KY TPyMOeMKOCTbIO H3FOTOBJIeHMA Topsyero UWiTamna, 
BecOM WITaMla WH YHCIOM ero NoBepxHocTeH. Mcnomb3yem mia pelle- 
HHA 3aa4M JlorapHMuyeCKHH MacuITa6 BbIpPaKeHHA MpH3HaKos, 
yKe ONpaBAaBUInh ceOa Mp H3yYeHHH 3aBHCHMOCTH MexKJy BecoM 
M YUHCJIOM MOBepxHOCcTelt Witamna (cM. § 3, ra. VI). 

PaccMOTpHM MOJIA KOpPpeJIALMH MH AMHMM perpeccHM Mex,y aora- 
pH®MaMH 93THX NpH3HakosB (puc. 36 uw 53). Bce Tpw aHHHH perpeccuH 
HMelOT B NOpsaKe rpyOoro npHOMKeHHA MpAMOJIMHeEHHBIM XapaKktep. 
CaeOBaTeIbHO, MOKHO NIPeANOIOMKATh B NOpARKe Takoro mpH6wu- 
*KCHHA CxXeMy MeHcTBuA qdaKkToposw (10.4.1) u uckaTb no merony 
HaHMeHbIIMX KBaApaTOB 3HaYeHHA Mapamerpos a, 6, c B ypaBHeHHH 


V1, 93 =a + by, + cy. 
B cTraHapTH30BaHHOM MaculTa6e mMowly4aem 
ti. 03 == 0,477¢, + 0,322¢, (10. 4. 5) 


C KOSPPHUHeEHTOM MHOMKecTBeHHOH perpeccuu R1. 23 =0,647. 
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B HaTypaJIbHOM MacliTa6e 


V1. 23 == 0,388 + 0,231), -+ 0,402y, (10. 4. 6) 
HH 


£1, 23 == 0,388.00 31 4940? (10. 4. 7) 


M3 ypasuenua (10.4.5) caenyer BeiBpon, yTO Bec WITaMMa CHIb- 
Hee BJIHAeCT Ha TPYAOCMKOCTb ero H3PrOTOBJICHHA, HEKEIM YHCAO M0- 
BepXHOCTeH. 

YpapHeHHe (10.4.7) Moxer GbITb HCNOMb30BaHO JIA nmpHOwu- 
XKEHHOH OWCHKH TPYAOeMKOCTH H3rOTOBJIeHHA ropsyero WTamMma pac- 
CMaTpHBaeMOro BHAa MO ZaHHOMY BeCy HM MaHHOMY Hcy MoBepx- 
HocTeH. SaMeTHM, 4TO BMecTO cooTHOWeHHA (10.4.7) MoxkHO HalTH 
COOTHOWMeHHE MCKAY TPYAOCMKOCTbIO H3FOTOBJIEHHA UWITamMa, ero 
BECOM HM MOKa3aTeJIeM CJIOMHOCTH reoMeTpHyecKOH opmpl K, He 3a- 
BHCALHM OT BeCa, 4YTO TeOpeTHYUeCKH TIpeAcTaBAeTCA HHTepecHbIM 
(cm. ctp. 132). Jaa stow wetm cuenayer cocTaBHTb ypaBHeHHe 


V1.24== a, + dyyo —- CVs (10. 4. 8) 
rhe y, = Ig x1, Vo = lg x%., y= 1g x,, a x,— apyroe o6o3Hayuenne 
nokasatean K. 


CoorsetcTByloulee ypaBHeHHe B CTaHJapTH30BaHHOM MaculiraGe 


fh 24 = Bots +- 62; (10. 4, 9) 


HaXOAHTCH BECbMa MIpOCcTO, TaK KaK B CHAY HeKOPpeHpoBan- 
HOCTH ¥, H Y, KOSDunmneuTh 8, uU PB, paBHE! KOadPuWHeHTaM 
KOPpeAMHH M@KAY Vy, HW apryMeHTaMM y. H yy, T. e. Bp= Tr, . , 


Be= Ty . Orcioga, notenunpys (10. 4. 8), moayuaiouleecn u3BeCT- 
HHM OOpa30m H3 (10. 4.9), MpHxOHM K HCKOMOMY COOTHOIIeHHIO 


~~ 


X1 94 == A yorye : (10. 4. 10) 


Onnako #3 cooTHOonIeHHa (10.4.7) mMOoxKHO Cpa3y COCTaBUTb 
H ypaBuenve (10. 4. 10), momb3yacb dopmy.on (6. 3.7). 


B caMoM gewe, u3 ypaBHennn (10. 4. 7) 


X1.23 = 0,388.x9.7) ; ae 


nu (6. 3. 7) 
Ky = KZ x,, 
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HCKAIOWaA DepeMeHHylO x,, NOyuaem 


X1, 23 = 0,388.93) 0,105 - 0,402 0,402 
HAH 


X1, 23 = 0,388.x9-273 x9, 402, (10. 4. 10’) 


. 


Hirax, ypaspuenve (10. 4.10’) mpenctaBser 3aBHCHMOCTh Mexay 
TPYAOCMKOCTbIO H3POTOBJIEHHA IWITaMMa xX 1, e€fO BeECOM X2 MH MOKa3a- 
TeJIeM CJIOKHOCTH reoMeTpH¥ecKOH dopmp x4. TlocnegHuh paccuu- 
Xs 
105 





ThIBaeTCA 110 MopMyvie x4= H He 3aBHCHT OT Beca (B CMbICWIe 


0 
Xx ? 
2 
OTCYTCTBHA KOPpeALMH MexAy NorapHpMaMu ZTHX BeVIMUHH). 
CaeqyeT 3aMeTHTb, YTO NOMy4aeMble H3 ypaBHeHHA PyHKUMOHAAb- 


HOH perpeccuu (10.4.7) BeaHUHHEI X1.23 ABJIAIOTCA BbIPABHEHHBIMH 
(PYHKUHOHAJIbDHBIMA CpeHHMH ONpeseeHHOro BHAa, B faHHOM CuJly- 
yae BbIPABHEHHBIMH CpeqHHMH reomMeTpuyeckuMH. Tlostomy Tam, rae 
M10 YCJIOBHAM [MPOH3BOACTBeHHOH 3amauH Tpe6yeTCA HCMOJb3OBaTb 
cpeqHve Apyroro Bua, HeEOOXOZMMO BBOAHTb NOMmpaBKH Ha CMelle- 
HHe CpeMHHX. Tak, HallpHMep, ecH Tpe6yeTca ompenenuTb cyMMap- 
HYIO TPYMOCMKOCTb H3FOTOBJIEHHA HeKOTOpOrO 4HCa A WTaMnNoB 
(C ONpefeeHHbIM BeCOM H 4HCOM HoOBepxHocteH), TO ObiwI0 OH He- 


BePHO PaCCYHTHIBaTb ITY TPyYMOeMKOCTh Mo opmMyvie hx1. 23, TaK Kak 
9TO MIpHBeO Obl K MpeyMeHbIIeHHIO NOTPeOHOCTH B TPYAOBLIX 3aTpa- 
Tax. JIA NOyYeHHA MpaBHJIbHbIX MaHHbIX YHCNO LWITAMMOB Ceqyer 
YMHOKaTb Ha CpeMHIOIO apHdMeTuYeCKy!O, a He Ha CpeMHIOIO Peo- 
MeTPHYECKYIO TPYAOECMKOCTb H3FOTOBJICEHHA OAHOTO WiTamna. B Takux 
CAyyadX HEO6OXOAHMO YMeTb OLCHHBATb MO BeIMYHHE CpeaHeH OHOTO 


Bufa (B RaHHOM CJly¥ae cpeqHel TeOMeTPHYeCKON 4X1. 03) BeJIMUHHY 


cpeqHeH gapyroro Buga (cpeqHel apudmetuyeckon x1.23). La sToK 
eIH CYIECTBEHHYIO MOMOUb OKa3biIBaloT opMylb (6.2.20) u 
(6.2.21), mpeasomenupe b. C. HctpemckumM. 


§ 5. NMPHBEQEHHE MHODKECTBEHHOH KOPPEJAWHH K JIHHEHHOMY 
BHAY MYTEM YMHODKEHHA NMEPEMEHHbIX HA ®YHKUHH 
‘APFYMEHTOB 


B HeEKOTOPHX Cayaanx yAaeTCA NOAYYHTb AHHEHHOe COOTHO- 
IW@HHe M@Ky MePeMeCHHBIMH X,, X2,... %,, YMHO2KCHHHIMM Ha 
HEKOTOPHIe CNelHatbHO AIA 9TOK WeAH nNO0OpaHHHe (yHKIHH 
OT aprfyMeHTOB X,... X,. ITO COOTHOMMECHHE MOKET CYRKUTL LAA 
NpHOAWKeHHOrO HaAXOM ZCHHA KOPPEC.IAILHOHHOM 3aBHCHMOCTH MeKAY 
X, H Xg, Xg,--+ Xp 
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Utak, MyCth xX) (Xp, X3,... Xp), Xo (Xo, Xgye0- Lp) e+ Xp (Xo Xp 
. X,) — HEKOTOpHe PyHKUHH apryMeHTOR, Ha KOTOpHe COOTBeT- 
CTBEHHO YMHOMKAIOTCA M@PCMECHHHIE X,, K2,.-. Xp, H 


Yi =AiXiv Vo = Xohla--. yp =XpXp (10. 0. 1) 
HOBaH CHCTCMa NePeCMeHHHIX, CBASAHHBHIX JHHEAHbIM COOTHOMICHHEM 
Vy = Uy + Uy Ugy3 +... + Lo (10. 5. 2) 


re u;, Uy,...U,—MONOAHHTeAbHHIe GakTOPbl, KOPpeAAHOHHO 
He 3aBHCALIHe oT You Varee+ Vp: 

PacnpoctpaHaa paccyKleHHsA § 2 ra. IV wa cayual MHorux Mepe- 
MeCHHBIX, JlefKO MOKa3aTb, YTO MpH cooTHomeHHH (10.5.2) HMeeT 
MecTo wHHeliHast KOPPeAIHA MeKLY Y1 H Yo, Ys, --- Yy. 

QMIMMpHYeCKaA perpeccHA Vy MO Yo, V3,..- Vp MOKeT ObITb 
BbIPaxeHa YpaBHeHheM 


Vol. 23...p = Ua. 93...p + 159, 03...p Were oe iy 23..p Vp — ( 10.5.3) 

IIpH m-» co NOmyuaeM AH MpeAebHOH TeOpeTHYeCKON pe- 
rpeccuu 7 | 

You. 23...p = Uo, + Woo + +.- + HopVp, (10. 5. 4) 


PAC Yot.23...p Wor, Uo2,-.. Uop — UpeAebHbIe TeopeTH4ecKHe 3Ha- 
YeHHA CpeAHHX 


Vat. 23...p + 491. 23...p, 92. 23...p)- +. Wap. 23...p- 


OMeHKa HEH3BECTHBIX Uo1, Uoo,... Yop WO AAHHEIM ONbita mpo- 
H3BOAHTCA MIyYTeM ONpesxeeHHA B ypaBHeHHH 


V7 1, 93,..p = 91+ O2¥2 +--+ +p Vy (10. 5. 5) 
napameTpos 0,, 0,,... 6, MO MeTOAY HaHMeHbUIHX KBazpaTos. 
BoccTaHOBuM Tenepb B COOTHOMeHHAX (10.5.3), (10. 5. 4), 
(10, 5.5) mpexHiow CHCTeMy NepeMeHHHX Xj, Xp,..- Xp. 
aa sToh weaAv, Npewnolaran, uTO CHCcTeMa 
Ya = Xa (Xa, Xg, --- Xp) “XQ 
V3 = X3(%2, X3, .-- x): X3 
Vo = Xp (Xo, Ng, ++ X,)*Xp 
OMHO3HANHO PelaeTCA OTHOCHTEAbHO X2, X3, ... X,, 3AMETHM, UTO 
N31. 23...p == Wal. x4, x5, ... *y 
i = Ul, 
32. 23...p B2:. Bes Kas 008 ¥y (10. 5. 6) 


® e * . ¢ ® 


Uap. 23...p == Usp. xy, x4, ... Xp 


Vat. Katie -¥y == ea 23.97: -* Xi(Xo, X3,+-6 X,))s (10. oO. 7) 
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re * “y+ ..X,— 3HaYeHHA, ONpenernemNe 43 cHCTeMBI 
(10. 5. 1). Crexopateabuo, 


Fa ee se ed 1a as Xap + Hp) 
pee X1 (Xa, %3,... Xp) sa rae "Gs, X3, -.-Xp) = 
Fee PE ilep, te agent, Pe Gi ad Sie! (10. 5. 8) 
Xi (4g, %3,.. -Xp) 
HB npezere mpx n> co 
am = i ie 9.(%.. x 
XO. x, Ky... ty = - Pines + lege +. . . (10. 5, 9). 


Ypasuenua (10. 5. 8) u (10.5. 9) BLIPaKaloT SMMMpHYeCKyIO KH 
MpeAeAbHylo TeopeTHyecKy!O perpeccuH TI€PCMeHHOH xX, NO ap- 
PYMEHTAM Xp, X3,.-.X,. CeOBaTeAbHO, paccuuTaB SaeEae: 
CKY!O perpeccHio NepeMeHHOH y, nO aprymMeHTam Yo y, Hu 
BOCCTAHABIHBaa TIpexKHHe NepeMeHHHe pH nOMOULA npeo6paso- 
Banna (10.5.1), (10.5.6) wu (10.5. 7), Noyuaem SMNUpHyeCKyi0 
perpeccHio nepeMeHHoH x, NO apryMeHtTam Xo, Xx X,. Ilo- 
CKOAbKY 9TO NOMOKeEHHE CIPaBeZ.1HBO npH 11060M aucae Ha6.110- 
neunh 7, TO OHO COXpaHAeTcA WM Aad MpeneaHHbIxX TeEOPpeTHYCCKHX 
YPaBHeHH perpeccuu (10. 5. 4) w (10. 5.9). Onnaxo He copcem — 
Tak OOCTOHT e0 Aad ypaBHeHHA perpeccuu (10. 5.5), rae napa- 
MeTph 0,, 0,,... 6, paccuuTaHH no MeTOLY HaHMeHbIIAX KBal- 
patos, SHayeuua stux TapaMeTPoOB, NOyYaeMHe M3 ycvloBHA 


Dy (Vy — b, ee boo ia Dey; eee oY p)* = min, (10. 5; 10). 
He OyAyT coBnanzaTh co s3Ha4yeHHAMA mapamMetTpos 6, b,... b’ 
y paBHeHua | ee cae 
= b. 
Piece a _ l ee X2(%_... Xp) | 
oul aca Li (%q..- Xp) iF 2 2 (x or og 
' Xp (4%2-.. Xp) 
te Dee EE. 
BE Ka oe So) peeeelt) 
CCAM MOCCTHHE ONpemeAAIOTCA H3 yCvIOBHA 
b, , 2 
Mr | ee Sepa Sp ge 
( ee b2X» eee 2 ==min, (10.5. 12) 


TaK Kak yCnoBug (10.5. 10) w (10.5. 12) He skBuBanentu. 


OfHako c yBelM4eHHeM YHCIa HabmOReHUT o6e perpeccuu 
BbIPaKaeMble ypaBHeHuAMu (10.5.5) uw (10.5.11), cOmmxattca 
MexKAy COOoH H CTpeMATCA MpH n -> co OMHOM HM TOH xe Mpe- 
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JleubHOH TeopeTHyecKoH perpeccnu (10.5.9). Tlostomy mpn Oouib- 


WIHX 3HAYeCHHAX 2 OonycTHMa 3aMeHa ypaBHeHHna (10.5.11) ypas- 
HeHHeM (10.5.5). 


Virak, ecuw HaM yacTcH OOHaApyKHTb CHCTeMy MepeMeHHHIX 
Vi, Mav ++ Vp) CBAS@HHBIX Mey CcoooH AMHeAHOA perpeccHeH 


Yri.23..p — b, te Do\> 4 b5V3 -t oa + bp (10. 5, 3) 


H OTJIHUAIOULHXCA OT Me€PBOHAYaIbHOM CHCTCMH MePeMCHHHX %X), 
Xq,.. + Xp MHOKUTCMAMH X1, Xo. ++ + Xp MPC ACTAB/AIONHMH co6oH 
H3BeCTHHe (yYHKMWHH apryMeHTOB X2,.-.. X,, TO H3 YypaBHeHHA 
(10.5.5) npu -60apmHx 4HCax 2 MOXHO NOAYUHTh MpHOMxKeH- 
HOe YypaBHeHve perpeccHH xX, HO Xp, X3,...*, NO dopmyue 








: Yo (Xo. ++ Xp) 3 (Xo. .-Xp) 
XT 1, 4. ¥. b, ~ 4 OnX, ca a+ DaXs Fee ere 
wD ¥4(%o-- Xp) TRO Cre Xp) 
Xp (%g-. Xp) 
+. do a + 0,X, as i Ba 
Yi (X.--Xp) . 


lpn 9TOM pacueT aMmNpHyecKOAH perpeccum no dopmyae (10.5.7) 


a — ¥ 91. 23...p 
X31. Xg, Xa Xn ee afte eh oe Saree 
Lr (4g. . Xp) 


Oy eT BUOAHE TOYHBIM pH A1000M 2. 


TipuMeHeHue STOrO MpaBHla MOMOLraeT B HEKOTOPbIX Clyyaax pac- 
CUHTaTb YpaBHeHve KPHBOJIMHeEHHOH MHO?KECTBEHHOM perpeccuH, MpH- 
BOA ero K ypaBHeHHIO TIPHMOJIMHeCHHOH perpecCHH MeMy Ha/vie- 
"Kale BbIOPAaHHbIMH TePeCMeHHBIMH. 

Vi30%KeHHbI BbIWe MeTOR NIpHMeHsetTcaA B rviaBe XVI npH Ha- 
XOKICHHH 3ABHCHMOCTH MexKAY NOKa3aTeJAMM XO3HHCTBEHHOK ex- 
T@IbHOCTH CTPOHTeJbHbIX OpraHMsalHi. Bpiio ycTaHoBJeHo, 4TO 
3ABHCHMOCTH Me@XKAY OODEMHDIMH MOKa3aTeIAMH XO3AHCTBEHHOH Jex- 
T@JIbHOCTH ABJIAIOTCA IPAMOJIMHEHHbIMH, B CBASH C YeM STH MNOKAa- 
saTeH ObWIH MOJOX%KeHbI B OCHOBy HcclemoBanuA. M3 ypaBHeHHA 
MHOKECTBCHHOH perpeccCHH MeKAY STHMH NOKasaTesAMH, NPHMCHAL 
MpaBHJlO, CPOPMYJIHpOBaHHOe B HaCTOALULEM laparpate, MOXKHO M0- 
JVUHTb YpaBHeHHA perpecCHH Me?K/y OTHOCHTECJIBHDIMH (KaueCcTBeH- 
HbIMH) NOKa3aTCGJIAMH XO3AHCTBEHHOH JeATCIbHOCTH, Kak 3TO 6y- 
‘ter cnenaHo B § 5 raaBb XVI. 
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| PA3JIEJ Il 
OWHBKH CTATHCTHYECKHX NOKASATEJIEH 


ee a 


Sh eat ae 


FAABA XI 
BEPOATHOCTb 


§ 1. MOHATHE BEPOATHOCTH 


Ip topmyauposke nonoxKennii wan nonsTui Teopau Koppears- 
UHH HaM HeEOJHOKpaTHO MpHxo_uocb mpvOeraTb K 3aKOHy OoJIbUINX 
uncem. Mbl HeORHOKPaTHO ONMpatHcbh Ha (pakT coKpallenua cyuan- 
HOH KOJIeOJIeMOCTH CpeAHHX MoKa3aTevieli, mep AHCMepcHH Hu kKoppe- 
AAUMH, COKPaUleHHA CJlyYaHHbIX H3JIOMOB SMNMpHYeCKOH uHHN pe- 
rpeccHu MW rpaukos pacnpexerteHuxA pH yBerHueHuUM 4NCa Habwio- 
neHHh. Ha 3akone G6oubUINX YHCeM OCHOBaHO ONpeyenenue nonaTHh 
TeEOPeTHYeECKOH JIMHHH PerpeccHH MW KOPpeAWHOHHOM 3aBHCHMOCTH. 

B HacTosiem pa3smele Mbl NO3HAKOMHMCA C KOJIMYeCTBCHHIM 
BbIDPaXKeHHeM Mpowecca COKPauleHHA KOeOJIEMOCTH OCHOBHBIX MOKa- 
3aTeleH CTATHCTHYeCKOrO MaTepHasia moO Mepe yBenMueHHaA uNCAa 
Ha6moneHHh. Mbl TakxKe YBHAMM, Kak 3TO KOJIM4eCTBeHHOe BBIpa- 
2KeCHHE HCNOJIb3yeTCAH DJIA OWeCHKH Ha@XHOCTH CTaTHCTHUeCKHX BBI- 
BOMOB HW 3aKJIIOUeHHH. 

Bonpocbl 0 TOM, Kak CKJlaQbIBaeTCH CTATHCTHYeCKaA 3aKOHOMep- 
HOCTb 10 Mepe yBeJIMYeHHA KOJIMYeCTBA CJIYYaHHbIx MakTOopos, yua- 
CTBYIOWMX B Mpolecce, H3yy¥alOTCH MeTOZaMH TeOpHu BepOATHOCTEeH. 
B uacTHOCTH, 9TH MeTOAbI HCMOIb3YIOTCH H JIA OCBeELLeHHA HHTepe- 
cyrolgero Hac Mmpowecca yTOUHeHHA CTATHCTHYUeCKHX NoKa3aTeeH mo 
Mepe HaKOMJIeHHA MaTepHaJa. 

IIpHMeHutTebHO K paCCMaTPHBaeMbIM HaMH BORPOCaM OCTaHO- 
BHMCA Ha HEKOTOPbIX NOHATHAX H BbIBOAaX TeEOPHH BepOATHOCTEeH. 

B Hayke H B WpakTH¥eCKOH JeCATeJIbHOCTH Mbl ¥UaCTO, OTMPABAAACh 
OT KOMIVJI€KCa H3BeCTHBIX HaM ()aKkTOB, 2aeM OLeHKY BO3MOKHOCTH 
OCYIIeECTBJICHHA KAKHX-JIHOO COObITHH. CoObiTHe MbI Ha3blBaeM 6O3- 
MOOCHOLM, eCJIM ero TMOABJeHHe (HJIH HeMOABJeHHe) MOJIHOCTbIO He 
OOYCJIOBJIGEHO KOMIWI€KCOM H3BeCTHBIX HaM QMakTos. Tak, HanpHMep, 
MbIl TOBOPHM O BO3MO2KHOCTH MOJyueHHA Opaka mpu O6paboTkKe Fe- 
TajleH Ha J@aHHOM CTaHKe, 0 BO3MOXKHOCTH AVIA AaHHoro Mpesznpua- 
THA He TOJIbKO BBIMOJIHUTb, HO WH MePeBbINOJIHHTb HA3HAYeCHHbI eMy 
MviaH, O BOSMOMKHOCTH XOPOUeH JeTHOH MOFOAbl B WeHb pelica, O BO3- 
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MOMKHOCTH KPYNHOTO BbIHTpPbIWa TO HasHUHOH ObMralwun B Ovepen- 
HOM THParkKe TOCylapCTBEHHOTO 3alHiMa UT. QJ. 

CpaBHHBasd Me@xKY COOOH BOSMO?KHOCTH NOABJICHHA WH HenosBUJe- 
HHA JauHOrO COOBITHS, a TAKKE BOSMOMKHOCTH MOABJICHHA PasIHUNDIX 
COOLITHH, MbI YaCTO HMeeM OCHOBaAHHA YTBepxXaTb, ITO MOABMeHHe 
aHHOro COCHITHA OoO.lec HIM MeHee BOSMOMKHO, YEM eFO HENOABEHHE, 
Hi UTO OANO HS COObITHI! Golee BO3MO2KHO, YeEM Apyroe. 


TakuM oO6pPa30M, LO3MO2%KHOCTb COObITHA MOXKeT ObITb GovIbIUICIi 
HoIH MCHDIUCH, Iii, MOMHO CKa3aTb, HMeeT ONpeseseHHylo CTeMeHE 
VPaBNcCHHa. Tak, MOKHO YTBePAAATL, UTO BO3MOMKHOCTH MOsIB- 
JeHHA Opaka B CuepCTHOH Teta, O6paOoTaHHO!! Ha MaHHOM CTaHKe, 
Melibile, YM BO3MOXKHOCTb MOJTYYCHHA TOAHOM AeTaJIM, WH ATO BO3- 
MO2KHOCTh HEBDITOJIHCHHA Wana Ha MaHHOM TpeAMPpHATHH SHaUH- 
T@JIbHO M@HbIUC, SCM BO3MOXKHOCTb ero MepeBbinoHeHHA. Tepexoysa 
VIHIy B OXKXHBICHHOM MeCTe, Mbl ‘OLLYILaeM OOJIbLUyIO ONAaCHOCTb 
HecyuacTHOrTO CJlyyan MoMmacTb MOA MaAWIHHY, Heke B MIYXOM Tepe- 
yaike. CTemeHb BO3MOXKHOCTH JaHHOrO COObITHA He ABJIAeTCH UCM-TO 
H€H3MCHHBIM, OHA 3ABMCHT OT TOTO KOMMiekca yCloBHH (C), KOTO- 
phi B JaHHOM Bompoce IIpHHHMaeTCA BO BHHUMaHHe, CYMTAeTCA H3- 
BeCTIIbIM; C H3M@CH€HHe€M 9TOTO KOMIWIeKCa CTelMe€Hb BO3MOKHOCTH 
COObITHA MeHseTCH. Tak, B MocweqHeM fpHMepe Mbl MOMKeM Jerko 
YMCHbIIHTb BO3MOXMKHOCTb HeECUaCTHOPO CLyYaA ph Wepexoge OKHB- 
J@HHOHM YdJIHIlbl, MpOABAAA OcOOy!lo OAUTebHOCTh HW coOOsIOfan mpa- 
BHa YJIHYHOTO ABIWKeHUA. Crefelib BO3MO2XKHOCTH NosyyeHaa Opaka 
Ha CTaHKe YMeHbIIHTCA, CCIM H3BECTHO, UTO CTAHOK XOPOUIO HACTpoeii 
H HaXOAHTCH B UCMpaBHOM COcTOAHHH. Bo3MOXKHOCTb XOpOUen JeT- 
HOli MOrOAbl B Ha3Ha¥eHHbIi WeHb pelica OyeT Pa3AMYHOH WIA Hac 
Hl JWI Me@TeOPOMOFHyeCKOH CTAaHUMH, KOTOpad pacnoJiaraeT Mo CpaB- 
HeHIIO C HaMH G6o.IbINeli COBOKyMHOCTDIO CBeAeHHii o PaKTopax, Oby- 
CIOB.IHBalOIUHX BTY Norozy, HT. W. Ha nepBbi B3riA MOKET MO0Ka- 
3ATbCA, UTO CTCNCHb BO3MOX%KHOCTH ABIAeTCA CyYObeKTHBHbIM SIOHA- 
THOM, 3A€BHCALIHM OT KOMMieKca (aKkTOB, Ha KOTOPble OMHpaetTcA TOT 
Ii HOH CyObCKT, H OT YMeHUs MocueqHero AelaTp u3 sTHx PakTor 
MpaBHJIbHbIe BbIBOALI OHaKO B JelHCTBHT@IbHOCTH O6e 3TH Mper- 
MOCbWIKH HeT HHKaKOH HeOOXOAMMOCTH CBA3bIBaATb C TeM HJIH HHbIM 
cy6pekToM. MM MOKHO MpHMHcbIBaTb BMOHe OObEKTHBHDIN Xapak- 
tep. B oTfeaAbHbIX CJIy"anx STO TOIO%KeHHeE AOCTATOUHO OYeBHAHO. 
Tak, W3BiCKaA W3 YPHBI, coxepxKalel 3 vepHbIxX u 8 Oesbix Wapos. 
Hayjlauy OJWH Wap, Mbl HMeeM BOANe OObeKTHBHY!IO YBEPCHHOCTb 
B TOM, UTO H3Beub Se.tblii Wap 6o7ee BO3MO%KHO, YeM YepPHbIH. 

B mpyrux cayyasix TIpPHHIHiasbHOe CyliecTBOBaHHe CTeHeHH 
OObCKTHBHOH BOSMOXKHOCTH SIBJIACTCA JIA Hac PYKOBOAAUIMM MPHH- 
LLHTIOM, BbITeKaIOULUM H3 MaTepHaJINCTHYCCKOTO MHPOBO33peHHA. 

Cnesaem CAeAyIOWHi war B HaNmpaBseHiH YTOUHEHHA paccmMaTpH- 
Baemoro Mouatun. IIpemmonoxKuM, YTO Mepa OODEKTHBHOH BO3MOX%K- 
HOCTH SIBICHHT TIpH HamH4YHH KOMMeKca ycuoBul (C) BbipamKkaerca 
quc.iomM. B 3TOM caly¥ae CTeNeHb BO3MOXKHOCTH OyfeT Ha3blBaTbcH 


BeEPOATHOCTeIO COOBITUN. 
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Takum o6pa3om, BEPOHTHOCTbIO COObITHA Ha3blBaeTcA CTeMeHb 
OObEKTHBHOH BO3MOXKHOCTH JaHHOrO COOBITHA, BbIPaxKeHHad KONU- 
YECTBEHHO, WIM, HHAYe FOBOPA, — mepa OOGeKTUBHOIL BO3MOIKCHOCTU 
OanHozo cobeirun. Crenyet ycJIOBUTbCA O WKasle H3MepeHHA BepoAT- 
HOCTeH. OTa WkKasla Ofpakwyena AByMA KPHTHYeCKUMH TOUKaMH: OF 
H 1. HeposmomHomy coObiTuio IpHMHcbIBaeTcA BepOATHOCTb 0, OCTO- 
BepHOMY — BepoOxTHOCTh |. BceMm MpOMeXKYTOUHDIM CTCMCHAM BO3MOX- 
HOCTH COOTBETCTBYIOT 4HCJla, 3aKIOUeHHbIe Mexkazy O uw 1. Moxuo: 
AaTb KOHKPeTHYy!O HHTeplipeTauiio BeJIMYHHbI BepOATHOCTH, MpHron- 
HYl0 B OTICJIBHDIX CYUaAX JIA MpAMOrFO MOAcYeTa BepOATHOCTH. Ha- 
30BeM WaHCOM, O”QeonpuaTcTeyrowum coObitui A, Takoe Apyroe 
coonitHe B, NosBieHve KoTOporo HeH36exKHO BuleyeT 3a Cobol mOAB- 
vieHve A. Lancom, ne6sar, IIPHATCTBYIOWUHM cOoOHITHIO A, Ha30BeM 
ce6nitHe JI, noaBsenue co Mor HcK1ouaeT moaBeHHe A. Tax, Ha- 
MNpHMep, B ypHe, COfepxallleH HeKOTOPOCe KOJIMYeCTBO YePHbIX Hu G6e- 
JIbIX HlapOB, Haslwyve Kawkoro Oeloro Wapa sABJIAeTCA WaHCoM,. 
GJlaTONPUATCTBYIOWIMM BbIXOLy Georo wWapa Mp BEIGOpKe, HamH4ve 
KaxK Oro YepHoro Wiapa — WaHCOM, HeO/aronpvATCTBYIOINMM MOAB- 
JIeHHIO Oesoro wapa. 

BepoATHOCTb oOnpeeaioT Kak OTHOMIeHHe uncna M WaHeoB, 6la- 
TOMPHATCTBYIOUHX TaHHOMY CoOnITHIO, K uNcy N Bcex lmaHCos: 


M 
P=—_.. (11. 1.1) 


IIpH 9TOM WaHChI JOJOKHEI yROBIeTBOPATS CIEAYIOWMM TpeM ycuio- 
BHAM: 1) OHH JOJDKHBI ObITh PAGHOBO3SMOFCNOIML, T. e. TOABJeHHeE 
OAHOTO H3 HHX He JOJDKHO ObITb Oovlee BO3MOXKHO, 4eM NOABIeHHe 
Apyroro; 2) OHM AOJKHE 63AUMHO UCKAOLaTo Opye Opyea, T. e. To- 
ABICHHE OFHOrO H3 HMX MOJKHO HCKJIOUaTb TNOABeHHe mpyroro; 
3) O2HH 3 STHX WaHCOB OGA3aTeMbHO AOUUKeH OCYIINLECTBUTHCA. 
Tak, eC B ypHe Haxogstca 10 yepHpix u 20 Genzix lWapos, TO 


EC DOMRHOCTS BbIXO1a Oeoro Wapa Npu cayyalinon BbIOOpKe COCTaBUT 
30. 3? BCPOATHOCTb BbIXOMa YepHoro mapa a) : 
) 0 3 
EcaH 6pocaetca MOoHeTa, TO HMelOTCA Ba P4BHOBO3MOKHBIX 


iuanca — BBINaCTb pellleTKOH HIM rep6oM, MOSTOMY BepOATHOCTD BEI- 
nNaleHuaA rep6a HIM pelleTKH paBHa —. 
2 


Ecau Opocaetca urpaJbHad KOCTb, To BbIMagqenve yeTHOro YHCa 


1 
OUKOB HMe€eT BePOATHOCTh “9 > Tak KaK 4MCIO CTrOopoH c 4YeTHbIM 
_KOJIMN€CTBOM OYKOB PaBHO YHCJY CTOPOH C HeYeTHEIM YHCJIOM OUKOB 
Ad Ad . 
NPHNEM BbIMaReHHe KOCTH JOGO CTOPOHOH OMHaKOBO BO3MOxKHO 
Htak, Mbl BUHM, 4YTO B HEKOTOPBIX ClyYaax MOXHO HCUHCJIMTb 


BEPOATHOCTb, OCHOBbIBAACh Ha BbIIMeNpHBeLeHHO UNTepMperanun 
STOrO MOHATHA. OHaKO B TpOMaQHOM GOJbIIHHCTBe cuyyaes IIpH- 


* 
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MCHCHHA TEOPHH BepOATHOCTel K NpakTHYeCKHM WH Hay4HBIM BOIIPO- 
CaM JlaHHad HHTeplipeTaiua HueroO He MOKeT MaTb AVIA HPAMOTO 
VCUHCJICHIA BCPOATHOCTH, TaK KaK MbI He B COCTOAHHH pa3sJIMYHTb 
B KOoMMeKkce ycopui (C) Tex PaBHOBOSMOXKHBIX, HCKIOUa POUL X 
“pyr aApyra laHcoB, KOTOPBIXx Tpe6yer ompenerenHe. Tak, HMeet 
CMBbICJI TOBOPHTb O BCPOATHOCTH NOJTYYeHHA Opaka B OYepeAHOH eTa- 
iu, OOpaOaTbiBaeMOll Ha aHHOM CTAHKE, OJHAKO HUKTO He B COCTOH- 
HHH YCMOTpeTb PaBHOBOSMOKHbIe IWaHCbl, H3 KOTOPbIX STY BepOAT- 
HOCTh MOMKHO ObvIO ObI TOcTpouTbh. B cTpaxozBoM j1e@.1e TOBOPAT O BC- 
POATHOCTH MOKHTHA WO OMpeseTeEHHOTO BOSpAacta, OMHAKO M 3eCb He 
UMeeT CMbICa HCKaTb H BbIBOAHTb 3TY BeEPOATHOCTb H3 KAKHX-JIHOO 
PABHOBO3MOMKHHIX WaHCoOB MT. A. Bo pcex Takux CJIyYanx BepOsAtT- 
HOCTH COOBITHH MbI HAXOAMM KOCBeHHbI_ MyTeM — Ha ocHoBe CTAaTH- 
CTHKH. ‘ 

B caysae KocBeHHOrO OnpeweeHid BepOATHOCTH BaxKHO HMCTb 
VBCPCHHOCTb B TOM, YTO BePpoATHOCTH paccCMaTpHBaeMbIx SIBJICHHH 
IIPHHILMMH AJIbHO CYULECTBYIOT, NOLOOHO TOMY, KaK MBI, H3MepsAy KOC- 
BCHHbIM MYTeM paccTOAHHA WO HejlOCTYMHbIX TONER, TBeEPO 3HaeM, 
YTO OTH paccTOAHhaA JLEHCTBUTeEJIbHO CYULecTBYtor. 

Bonpoc 0 mpemnocblikax, pH HaJIM¥Hi KOTOPBIX MOXKHO 3apaHee 
YTBCP2KAaTb CYILECTBOBAHHE BepOATHOCTH PpacCMaTPHBaeMbIX ABJC- 
HHH, He Nosy eule B HaykKe Hafiewallero paspemenna ', Petie- 
Hue 3TOrTO BOMpoca OyseT HMeTb OFPpOMHOE MeTowOuorHyecKkoe 3Ha- 
yeulie, TAK KaK MO3BOJIMT OYePTHTb O6acTb IIpHMeHeHHH HW HCIMOJIb- 
30BaHHA TeEOPHH BepOATHOCTeH KaK OPyAHA NOSHaHHA. 

B page cilyyaes yaercad yCTaHOBHTb CYLUIECTBOBaHHe BepOATHO- 
creii, HemocpeACTBeHHO ucCIenyA moBefwenHe CTATHCTHUeCKHX T0Ka- 
3aTesleli B mpowecce HaKOMJIcCHHA MaTepHaJia. O6 3TOM —B CJeTylO- 


wleM taparpade. 


§ 2. BEPOATHOCTH H MPOWECCbI HAKONJIEHHA MATEPHAJIA 


PaccmMoTpHM OObIuHyIO CxeMy SKCMepHMeHTa HIM HaOJNOACHHA, 
KOTOPa HCHOMb3yCTCA B HayYHOM HCCEAOBAHi Nh. IlycTb Hac HHTepe- 
cyeT HeKOTOpoe COObITHC A. nospaenie KoTOpcro O6yC.10BeHO pas- 
HOOOpasHbIMH NpHuWiaMd Hi (bakTCpaMH, H3 KOTOPLIX OAHH CMY 
OaPONPHATCTLYIOT, Apyrue He GaaronpyatcrByoT. AKeslad W3yuliTh 
neficrBHe HCKOTCPbIX HpHUHH Ha NOABJECHHE co6pitHa A B YyCJIOBHAX, 
Kora Jpyrhe MpHulHbl He MOPyT OLITD 3aKPeIVIeHb!, MoBepraem 
HAOJIOMeHHIO IW BOCIIPOH3BOMHM KOMIJeKC H3ydaeMblx ycIOBHI 
(11a30BeM erO KOMIICKCOM C) HeCKOJIbKO pas, CCA 3a MOABJIEHHeM 
wannoro co6pitia. Mut wacTo oH AaeM, YTO Tph MIHOrOKpaTHOM TO- 
BTOpeHHH KoMMviekca (C) B MOABJCHHH co6pirna A oOHapy2KHTCA 
HeKOTOPad 3aKOHOMEPHOCTb, HeCMOTpA Ha H3MeCHYHBOCTb TMpOUHx 
yCIOBHH MOABsIeHHsA COObITHA, He BXOAAIIHX B KoMMieKc (C). 





1 Cm. cratbio A. A. XWHUHHA B cOopHuke «PysOcopcKue BOMpocel CORPeEMeH- 
Hott @u3snku», AH CCCP, 1952. 
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IIpoctefiuiad 3aKOHOMepHOCTb, KOTOpylo B pAwe TaKHX ciJlyqaes 
RelHCTBUTeIbHO yaeTcH OOHAPpyXHTb, 3akOUaeTCH B TOM, TO OT- 
HOCHTeJbHad YacToTa MosBJeHua co6LITHa A B CepHaAX M3 pxa No- 
clelOBATeJIbHLIX MOBTOpeHHii KOoMMeKca (C) He Mmperepnepaer 
CHCTeEMaTHUeCKHX H3MeHeHHH, a ycTOHYHBO KOJIeOeTCH BOKPyr HeKO- 
TOPOrO YHCMOBOTO YPOBHA, He 3aBHCALero OT CYYaHHBIX MOBbIile- 
HWM WIM MOHHKeHHA YACTOT B OTJCJIbHBIX CepHAX. C yBeJIHYeHHeM 
yHCla MOBTOpeHHii KomnsieKca (C) B KaxKAOH CepHH YPOBCHb OTHO- 
CHT@JIBHBIX YacTOT He MeHAeTCH, HO KOJIeOJIEMOCTb YaCTOT BOKpyr 
3TOrO YpOBHA HeorpaHW4eHHO COKpalijaeTcA. IQTOT YPOBeHb xapak- 
Tepu3yeT Mepy OObeKTHBHOM BO3MOMKHOCTH NOABJIeHAA COObITHA A 
pH OMpeyeneHHOM Mpouecce noBTopedua KoMIiviekca ycllopuli (C) 
H COOTBETCTByeT NOCTOANHOM BepoATHOCTu cobbITHA A. 

Tlono6HbIe 3AKOHOMEPHOCTH, KOTOpPble B MaJibHelIem Oyfem Ha- 
3bIBATb 3AKOHOMEPHOCTAMH Bua (a), OObI4HO HaOJOaloTCA B TEX 
clyyaax, Kora B KOMIMeKce MOCTOAHHBIX ycllosuh (C) s3aKpel- 
JIGHbI OCHOBHbIe (aKTOPbI H3y4aeMOro ABJICEHHA, A MHOMKECTBO OCTAJIb- 
HbIX aKTOPOB, OCTAIOLIMXCH TMepeMeHHbIMH, He OOHApy2xXHBaeT 3a- 
MeTHBIX H CHCT@EMAaTHYCCKHX H3MeCHCHHH OT OMbITa K OMbITY NO Ka- 
KOMYy-JIH60 ONpeeJIeHHOMY 3aKOHY. 

IlycTb, HalipHMep, Hac HHTepecyeT BO3MOXKHOCTh NOABEHHA OLpe- 
jesleHHoro sedekta A B CTaIH Mp AByX Pa3JHUHbIX BapHaHTax Tex- 
liovlorH4ecKoro Mpotecca MiaBKH. Jia sTOTO MpOK3BOAHM B SKCIIepH- 
MCHT@JIbHOM NlopayKe 2Ba psga muiapok (C) u (Ci), MpHyem OCHOB- 
Hbie YCJIOBHA Mpolecca MWiaBIeHHA IIn Kaxk Oro pAfja NW1aBOK COXpa- 
HAIOTCA MO BO3MO2%KHOCTH OAMHAKOBbIMH. Ecuiw W3MeHeHHe IIpOdHXx 
YCIOBHH, CHOCOGHBIX NOBJMATD Ha pe3yJbTaT MW1aBKH, He HOCHT CH- 
CTeMaTHYeECKOTO XapakTepa H CCIM pe3yJIbTaTbI MpeAbIYUIMX MIaBOK 
He BJIMAIOT Ha MOceqyloWve, TO HMeIOTCH MPeAMOCHIKH JIA 3aKOHO- 
MepHocTH (a) B Mpolecce HakolieHua miaBok (C) wu (C1) mp no- 
CTOAHHbIX BeposTHocTax P wu P; nosBnenua Aedpekta A. Ilo Bepost- 
Hoctam P uP; MoxKHO CpaBHHBaTb KayecTBO BaplaHToB C u C, Tex- 
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Cepua ucneimanud 


Puce. 54 


HovlorHuecKkoro Mpouecca (puc. 54). Bepoatuoctu P un P, oveHnBa- 
IOTCA MpPHOHKeHHO MO OTHOCHTebHBIM YacTOTAaM NosBseHua A B pA- 
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JlaX SKCHEPHMeHTAJIbUbIX TIaBoK. UemM J,IHHHee pHa, TeM TOUHee 
OlleHKa. 

Hapaay c MO0OHbIMH MpOCTeHWIMMH 3aKOHOMePHOCTAMH B IIpo- 
wecce HaKOMIeHHA MaTepHaJia CYIeCTBYIOT H Apyrue, Sowslee CJ10%K- 
Hble. Bo MHOrux MpoleccaX BO3MOXKHOCTb HAaCTYIWICHHA TOTO HJM 
HHOrO COObITHA MeHAeCTCH C TeYCHHEM BPeCMeCHH — BEPOATHOCTb SB- 
‘IM€TCA TI@PCEMCHHOH BeJIMYHHOU, B pe3yJbTaTe “ero OTHOCHTeJIbHaA 
yacTOTa KOJIeO/leTCA BOKPyr YPOBHA, H3MeHAIOWeroca Mo xomy Mpo- 
mecca. 

Tak, eCJIM HakOMJIeHHe YMCA OMbITHBIX MIaBOK MpOHCXOAUT He 
B MOPAAKe CHelHaIbHO MOCTABJIGHHOrO SKCNe€PpHMeHTAa, a B NOPATKe 
NOCJCROBATeJIbHOrO MPHCOCAHHeEHHA TWwIaBOK, NOJIyYYaeMbIX B_ eCTe- 
CTBCHHbIX YCJIOBHAX TIO XOMY NPOW3BOACTBeEHHOrO Tpowecca, TO MO- 
KeT OKa3aTbCA, YTO HEKOTOPble H3 YC/IOBHH, OCTABLUIKeCA He3sakpen- 
JIGHHBIMH, MpeTepleBaloT AOBOJIbHO 3HAUMTeJIbHbIe CHCTeMaTHYecKHe 
H3MCHCHHA OT TWIaBKH K WwiaBke, YTO CO3MaeT NPeANOCbLIKH WIA 
CXCMbI TepemeHHOH BepoaTHocTu. B sTomM cCayyae comocTaBJleHHe 
KeuecTBa ABYX BapvaHtos mpouecca (C) wu (C;) MomeT ObITb TpH 
HSBCCTHbIX YCJIOBHAX TIPOH3BeMeHO TlyTeM CpaBHeHHA ABYX KPHBBIX, 
NPeACTaBJAIOWNNX H3MeHeHHe BeposTHocTH P u P; Bo Bpemenn. Kpu- 


e « 
; Pc 


Ameen. : - 


Ky f rss “s r g’ 
fev, ah” 
Boke er 
i ee 





0, 
Por quo a 


OmnocumensHas vacmom 


N° cepuu 


Prac. 55 


Bie H3MeHeHHS P uw Py MoryT ObITb TPHGH2KeCHHO NO.TYYCHbI MyTeM 
BLIPABHHUBaHHA OIIbITHBIX PPa*PUKOB, TEM TOUIICe, YeM OOJIbLUe ONbITOB. 

"3 pale cr1yyaep HaOMOMawTcad Take 3aKONCMePHOCTH, NPH KOTO- 
pbIX CJIYYaHHOC NOABJICHHe WIN HeNOABICHHe COOBITHA B TIpembiy- 
ULeM HCIbITaHHH KOMMIeKca (C’) oka3bIBaeT BAHAIHe Ha PopMUpo- 
BaHHe YPOBHA PepOATHOCTH B jJlaJIbHeHWIHX HCMbITAHHAX, MOBbINAA 
WH WOHHKaA cro. B TakHx culyyanx TOBOPAT O pAax B3aRMOCBA- 
3AHHDIX HcmbITaniit KoMmteKkca (C). [[pumeppr TakHx psdoB arr 
HaM MHOTHE MPOUSBOACTBCHHbIe IIPOUecchl. 

IlombeMbl Hi MaweHHA Ha PrpaduKaxX H3MCHCHHA OTHOCHTEVIDIIbIX 
YACTOT OOpPasyloT B STHX CMYYaAX HCMPaBHVJIbUuble BOJIHbI CLyYanHoro 
xapaktepa. [Ipit HaJIHYHH NOJIOXRKHTCIbHOH 3aBHCHMOCTH Me*KAY 
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CMCXKHDIMH HCIIbDITAHHAMH BOJIHbI OKA3bIBaIOTCA JVIMHHee, MPH HaJIH- 
YHH OTPHWaTebHOK 3aBHCHMOCTH — kKopoue. 

CrenyeT MOAYepKHYTb, YTO NOCTABJIeHHAaH Bblille 3aqaua — HalTH 
KOJIHYECTBEHHOe BbIPAKeHHE MIA COKPalleHHA KOMeOJEMOCTH CTAaTH- 
CTHYeCKHX NOKa3saTeseH NO Mepe YBeJIHYeHHA WHCNa Ha6smO,eHHuH — 
MOKET MOJYYHTh pellleHHe JIHWb JIA TAaKHX MpoleccOB HaKkOIMWIeHHA 
MaTepHasla, B KOTOPbIX HaOsloqaloTcaA ONpeseseHHble 3aKOHOMepHO- 
CTH MOABJICEHHA HHTepecy!OWHX Hac COObITHH, ympaBJIAeMble BeposAT- 
HOCTAMM. TaM, rme TaKHX 3aKOHOMePHOCTelt HeT, 3a2a4ua He MOMKeT 
MOJYIHTb HUKakoro pewleHHA. HM, Hao6oporT, WIA pa3JIM4YHbIX 3aKOHO- 
MepHocTeH 3aaya noswyyaeT UW pa3sJIMUHble pelieHuA. Tak, mpu mo- 
JIOMUTEIbHOH 3ABHCHMOCTH MeKAY pe3yJIbTaTAaMH HCIbITAHHH Mpo- 
wecc COKPaUeHHA KOJIeEGJIEMOCTH OTHOCHTeJIbHBIX WaCTOT MpoTeKaeT 
MeaJIeHHee, 4eEM B CJly¥ae He3aBHCHMOCTH, H HaOOopoT, Np Haun 
OTPHUaTeIbHOH 3aBHCHMOCTH STOT Mpolecc ycKopserTca. 

IIpumMepbl MpoweccoB, B OCHOBe KOTOPBIX JleKAaT YeTKO BbIPakKeH- 
HbI€ BEPOATHOCTH NOABJICHHA COObITHH, WaeT HaM BbIOOPOUHbIA MeTO 
HCCJI€EROBaHHA, IWHPOKO HCMOJIb3yYeMbI B HApOAHOM xXO3xicTBe, 
B WACTHOCTH, B BONpOCaxX KOHTpPOJId KavecTBa NpOAyKUMH. Samaua 
29TOrO MeTOfa COCTOHT B TOM, UTOOb! yCTaHaBJIMBaTbh paciipemeeHua 
OoublIOH MaCCbI CXHHHIL 10 TeM WIH MHbIM MpH3HakaM Cc OCTAaTOU- 
HOH TOWHOCTbIO MYTeM BbIOOPOYHOH MpOBepKH, OpraHH30BaHHOH Ha 
HayaslaxX TeOpHH BepoATHOcTel. 

PaccMOTpHM, KaKHM O6pa30M Ha OCHOBe pacueTa BepoATHOcTel 
co3faloTcA yCNOBHA, OOecneuHBalOWve pellieHHe MOCTaBJIeEHHbIX 
3aya4. 

CyulecTByloT pa3IMYHble cnocoObl BbIGOpouHOrO HcceqoBaHHa, 
KOTOPbIM COOTBETCTBYIOT Pa3JIHYHble BEPOATHOCTHbIe CX@MbIl HakON- 
JleHHA MaTepHasia. PaccMOTPpHM Tak Ha3bIBaeMbIh MpocTow cyualt- 
HbIM OTOOP, XapakTepH3yIOUIHHcA MNOCTOAHCTBOM BepoOsATHOCTeH Hu 
H€3 ABHCHMOCTbIO HCIIbITAHHH, CJI€ETOBaTeJIbHO, OTBEUAIONIAN Mponeccy 
HaKOMJI€HHA MaTepHasa (a). Oror cnoco6 3akslouaeTcA B cule- 
AYIOuleM. 

Ilyctb COBOKYMHOCTb, H3 KOTOpOH npou3BO_HTCA BbIGOpKa, UMe- 
HyeMad 2eHepanroHott coBoKynHocToro, comepxKuT N petasel, u3 Ko- 
Topbix M — yedextubie. OTHOCHTebHaA YaCTOTa HJIH AOA edext- 


HbIX ZeTaseH B reHepaJIbHOH COBOKYMHOCTH paBHa Nee M3 renepavtb- 


HOH COBOKYMHOCTH MOCJeqOBaTeIbHO H3B/IeKaloTCaA B  CJyualiHoM 
Nopaake m feTalleH, IpHyem Nocwie KamwKoro U3BNe"eHHA eTaJH 
(HKCHPyeTCA ee FTOMHOCTh WIM WedeKTHOCTh, a MeTalb BO3BPAWAeTCHA 
oO6paTHo B TeHepaJIbHY!IO COBOKYMHOCTb H y4acTByeT B MOCJIeAVIOWINX 
HCMbITAHHAX. . 

Opranu3auna oT6opa MOJOKHa ObITb TaKOBa, 4TO6HI OGecne4uNTD 
IPH KAKMOM HCHbITANHH DJIA KaKTOU MeTamu, HaxOAAUleHca B reHe- 
PaJIbHOH COBOKYMHOCTH, pasHole waxcol MonmacTh B BbIGOpKy. ITO 
OOeCNeCYMBaeTCA TILATCJIbBHbIM TePeMelUMBaHHeM leTaleH MM ~Apy- 
THM SIKBHBQJICHTHBIM CIIOCO6OM, CO3aIOUWLUM PaBHOBO3MOMHOCTD BBI- 
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xoma. IlpH pacuere Bepostuocteli 3mecb HCNOJIBSyeTCA CX€Ma PaBHO- 
BO3MOXKHBIX INaHCOB. B OTZeIbHOM HCHbITaHHH NOKHA ObITb BBI- 
HyTa oma u3 N waxoNAMlMxca B reHepasIbHoH coBoKymHocTH eTa- 
Jen. Caeqopateibuo, uMeetca M 6naronpustcrsyiomux u N—M 
HeO/1arONPHATCTBYIOLWHX WaHCOB NOABJICHHA B OTACIbHOM HCHbITAHHH 
MHTepecylolero Hac CoObITHA — AecbeKTHOH meTamu; HacTyneHHe 
OMHOTO M3 HHX HCKJIOUAeT BO3MOMKHOCTb HaCcTyMeHHA Apyroro B TOM 


KE HCMbITAHHH, OHH PaBHOBO3MOXKHbI COrlacHO YyCJIOBHAM oOpraHH- 
3alHH oToopa. 


CileloBatedbHO, BEPOATHOCTh NOABJICHUA COGbITHA B onpeye.1eH- 
M ‘ ’ 
HOM HCNbITaHHH PaBHa “y if CoBilaqaeT C OTHOCHTeABHOH YacToTOti 


STOrO COObITHA B reHepaJIbHOH coBoKynHocTu. Hama Bel6opKa opra- 
HH30BaHa TaKHM OOPa30M, YTO 6 Heli BO3HUKAeET BEPOATHOCTH NoOAB- 
Aenus OceKTHoti OeTaAU, KOAUYECTBEHHO COBnadaroulan Cc OTHOCU- 
TeAHOU UACTOTOU ITOK OeTAAU 6 2eHepanbHoli coBoKYyNHOcTU. Onpe- 
AeJICHHe BEPOATHOCTH CNOCOGOOM, H3/IO%KeCHHBIM BBIlIe, Yepe3 PaBHo- 
BO3MOMKHbIC H HCCOBMECTHbIe MWaHCbl OykeT NpakTHYeCKH MPHTOAHbIM 
B TOH Mepe, B KaKOM yacTcA OG6ecneyHTb paBHble WAaHChI 3/1eMeH- 


TaPHbIX HCXOHOR NYTCM NMNePeMeIUHBaHHA HI APYIHMH SJKBHBAJICHT- 
HbBIMH TIDPNWeMaMi. 


Ifluipoxast mpaktTika NoKa3bIBaeT, 4TO 9TO AeHCTBUTebHO TAK, 
H UTO BCPOATHOCTH, ONpeweseHHble NOQOOHBIM OOpa3om, CJlyKaT WeH- 
TpaMH, BOKPyr KOTOPbIX KOJIEOMIOTCA OTHOCHTCJIbHbIe YACTOTHI COOBI- 


THA TPH NOBTOPCHHH HCIIbITaHHH MeTOJOM MpocToro cayyaltHoro oT- 
Gopa. Ho BepoxtnocTb nosBeHHaA RedekTHOR eraiu mpH co6u10- 
ACHHH PaBHOBOZMO?KHOCTH BbIXOa KaKMOH eTasH, HaxonAueHca 


BR TeHepabHOH COBOKYNHOCTH, PaBHa OTHOCHTeJbHO uacToTe Je- 
@MEKTHBIX JeTasel B reHepadbHOH coBoKynHocTH. Tlostomy Bpi6opou- 
Ha OTHOCHT@IbHaA UACTOTa OyMeT KO.leOaTbCA BOKPyr FreHepasIbHOH 
OTHOCHTCJIBHOH YACTOTbI, KaK BOKPyr CBOero IleHTpa, H Mp 32TOM 
OyAeT, KAK TIPaBHIO, TEM MeCHbINe OT Hee OTMHYAThCA, YeM Gove 
YHCIO HCNbITaHHH. B TOM OCHOBHaA HAeH OTOOPa, OpraHH3oBall- 
Horo Ha Wauaslax TeOpHH BeposTHOcTeH. BaxkeH 37eCb He TOJIbKO 
CaMbIM MakT CTPeMJIeHHA BHIGOPOYHOH OTHOCHTeIbHOH UYaCTOTHI K re- 
HepaJIbHOH, HO H TO OOCTOATEJIBCTBO, UTO B Npowecce HaKOMJIeHHA 
MaTepHa.la OCYULECTB.IHeETCA 3AKOHOMEPHOCTh, KOTOPAH MO3BOAeT 
OUCHHTb BeIHUHHY O*KATAeMbIX NOrpewtHocTeH pH J060M 4acule 
HCHbITAHHH. OTH OMWeHKH, C KOTOPbIMH MBI B JaJIbHeHilemM Mmo3Ha- 
KOMHMCA, HU MOryT ObITb NOJIOKeHbI B OCHOBY HHIKCHEPHbIX H 9KO- 
HOMHUCCKHX PaC4eTOB, OOOCHOBDIBAIOIIHX CpaBHHTeJIbHy!O 93pdexk- 
THBUGCCTb Pa3JIMUHbIX CHCTeM oTOopa. 

IIpouecc Ha&aKOMJIeHHA CTaTHCTHYeCKOrO MaTepHaJla onpewqeiser 
CTpyKTypy llocweguHero. CraTucTHyecKast COBOKYNHOCTb ABJIA€TCA Ma- 
TepHaJlOM fpoctTelillel CTaTHCTHYeCKOH CTPyKTypbl. Ona oTBevaer 
mpomeccy (a) HaKOMiekuA MaTepHadla MpH MOCTOAHHOH Bepoat- 
HOCTH COObITHH H He3aBHCHMbIX HCIIbITAHHAX. 
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Hapsmy co cTaTHCTHYeCKHMH COBOKYNHOCTAMH MaTemMaTHuecKan 
CTaTHCTHKa pacCMaTpHBaeT OOpasoBaHHA APyrHx CTPyKTyp — CTaTH- 
CTHYeCKHH KOMMJIeKC, CTaTHCTHYeCKy!IO MOCJIeAOBATeIbHOCTh (Bpe- 
MeHHOM pA) HW Op., KOTOPbIM COOTBETCTBYIOT Me€peMeHHble BepoxT- 
HOCTH HJIH B3AHMOCBA3AHHbIe HCIIbITAaHHA. 

B 9roll KHuTre M3yyaeTCA MaTepHas Mmpoctelilie cTaTucTHyecKOK 
CTPYKTYPbl — CTATHCTHYCCKOH COBOKYMHOCTH. 


§ 3. CBOHCTBA BEPOATHOCTEM 


OcHoBHble CBOHCTBa H OMepaluH Ha BePOATHOCTAMU B COBDpe- 
MeHHOM MaTeMaTH¥eCKOH Hayke opMysupyloTca B Bue CHCTEMbI 
tlesecoo6pa3HO BLIOPaHHbIX JONYNIeHHH WIM akcvoMm. OOmlenpHHaTar 
B HaCTOAlee BpeMA CHCTeMa aKCHOM Oblla MpewowKeHa aka. 
A. H. Konmoroposrim B 1933 r.?. aa HawMx wWenenw MeTOH4eCKH 
yROOHO u3araTb CBOHCTBa BePOATHOCTeH, ONMpancb Ha Kaky10-J1H60 
KOHKpeTHy!o (pu3H4ecKylO HHTeplpeTaluio STOrO MOHATHA. Takyto 
HHTepMpeTauvio MOKeT LaTb CX€MAa PABHOBO3MOXKHBIX INaHCOB, H3- 
jlowenHan B°% 1, HIM 2%Ke.cXeMa DOBTOpeHuA COOBITHH MpH MHOTrO- 
KPaTHOM BOCNPOK3BeMeHHH KOMMVIeKCa yCJIOBHH (C) mpomeccom (a), 
uavioxKeHHan B & 2. Mpt u36epem 3feCb 9TOT MOCMeAHHK NMyTb O3Ha- 
KOMJICHHA CO CBOHCTBAMM BepOATHOCTEeH. 

BeposTHOCTb MpoOABAeTCA KaK CPpeqHAA XapakTePHCTHKAa OTHOCH- 
TEIbHOM YaCTOTbI MOABCHHA COOBITHA IIpH HCNbITaAHHH HeKOTOPOrO 
KoMIeKca ycsloBul (C). Ho Tak kak CpeAHAA BCerfa BeMYHHAa TOTO 
Ke BUa, YTO H OCepeMHAeMble 3HAYeHHA, TO BeEPOATHOCTh MOJKHA 
O6alaTb CBOMCTBAMH OTHOCHTebHOH YacTOTbl. PaccMOTpHM 9TH 
csolictpa. [losacHeHusv, KOTOpble Mp STOM MaloTCA, He CJleayeT CuH- 
TATb OKa3aTeJIbCTBaMH, a JIMIb eCTeCTBeEHHOM MOTHBAPOBKOH 
CBOHCTB, KOTOPbIMM XapakTepH3yeTcA MOHATHE BCPOATHOCTH. 

PaccmotpuM gpa co6bitua A u B, KoTopble OmKHAaOTCA B MpO- 
uwecce HakonmeHua (a) c BeposTHoctamu P, 4 Pz, Hukecienylomlan 
Ta6uua LaeT YNCAOBOM MpuMep coBMeCcTHOrO pactipeeseHHaA COOLI- 
mui A uv B B 1000 nponsBeneHHbIX HCHbITAHHH. 


lI. Ta6anna a6cCOAWTHBX YACTOT 





ee 








ee pk Utoro 
Haanune GA Gee sacar 50 250 300 
OrcytctpHe . -.-} 200 - §00 700 

Mroro.. 250 | 750 | 1000 


1A. H. Koamoropos. Ocuosuble nouatua TeopHn BeposTHocTel, 1936 
(Ha HeMelKOM 93., 432. 1933 r.). 
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IIpuMem 3a OcCHOBaHHe OGimee YHCTO HabsroneHHh n=1000 u 
PaccuHTaemM OTHOIMeHHA AOCOJIOTHBIX YaCTOT K 3TOMy OCHOBaHHW. 
Tlomyyaem caenyioulylo TaGHLY OTHOCHTeEAbHBIX 4aCTOT. 


il. Ta6aHta OTHOCHT@CADHBIX YacTOT 





B B Utoro 











Pap = 0,20 Pax = 9,50 Pp, = 9,70 


— 





Htroro p,=0,25 





pa 0.15! 1,00 


Snecb A, B o3nauaior HenosBasenne A u B; 
Py Pg Px, Py — OTHOCHTeAbHbIe “acToTH co6nTHA A, B, 
_A, B: 
Pap Pap Pag Pz OTHOCHTe.IbHbIC UACTOTEI COBMEILLeHHS COOH- 


Tui Au By Au Bur. x 


Ooo3sHauHM uepe3 A+B coGpirue, cocrosujee B NOABeCHHH Ka- 
KOrO-.1H60 H3 AByxX co6prTHi A u B (H60 oGoux co6birua OHOBpe- 
MeHHO). OTHOCHT@/JIbHaa YacTota coOHTHa A+B pasBHa, oueBuszHO, 


CYMM€ OTHOCHTCJIbHBIX YacTOT coébITHit AB, AB, AB: 


Pass =Papt Pag -t Pag = 0,05 + 0,25 4- 0,20 = 0,50 
(Hs34) 


“HJIH 
Pasp=Pat Pa — Pag = 0,380 + 0,25 — 0,05 = 0,50. 


Auaoruduble COOTHOLI€HHA HMCIOT MeCTO JIA BeposATHOCTeH Cco- 
OTBETCTBYIOWINX COObITHH, MpHOAHKCHHSIMH 3HAYCHHAMHM KOTODBIX. 
TR.THIOTCH OTHOCHT@CJIBHbIC UACTOTBI: 


Pasa = Pant Pap t Pap 
HJIH 
») poner 9) 
epee ao gee ye (11. 3. 2) 
flocneqHia opMyia YHTAeTCA CAeELYIOWLHM O6pa30m: BePOATHOCTH 
NOAGBACHUA KAKO2O-1UO00 OOHOZO U3 Oeyx coboiTuti A u B paena cymme 
GEPONTHOCTEU ITUX COOLITULE MUHYC GEPOATHOCTb UX COBMEeWeHUA. 
Cootuomenne (11.3.2) Ha3biBaetcs npasuAOM CAomKeHUA Bepo- 
saTHocreu. B uacTHocTH, ecu co6pitua A u B HeCOBMeCTHMBI, TO 
Pag =0, u dopmyaa (11.3.2) upuuumaer Bug 
Paste = Pa-"Ps. (11. 3. 3) 
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BepoatTuocTe noAnsaenua KaKkoz0-au6o u3 OByx HecoBMecTUMBIX 
cobeirui A u B paexa cymme sepoatnocreti arux coboirutl. Pa3y- 
ME€TCAH, AHAJIOFHYHbIC POPMYIbl MOXKHO COCTABHTb H WIA KOMOHHAa- 
WMH JUOObIX ABYX Apyrux coOniTHH Ta6/IMUbI: 

P P=, P 


A+B’? © A+B? * Ata 
MH T. X., HanpuMep, 


PAA Pak ey ace SV cae at ed = 1, 
tak KaK P,7=0. 


_ AvasiorH4Hoe UpaBHsio MOXKHO COpMyHpOBaTb WIA JO6oro 
UHCJIa HeECOBMeCTHMbIX coObITHH. IIpuH aHamu3se Ta6. |] Hac MomerT 
HHTe€peCOBaTb BOMPOC: KaK YaCTO NOABJIAeTCA (HIM KaK BePpOATHO) 
OHO H3 AByx coOpiTHh A ui B B Tex ciyyanx, Kora MpOHcxo_UT 
Apyroe coobiTHe, WH Ke B Tex cCAyyanx, Korg@a Apyroe codniTue 
He NPOHCXOAUT? OTOH We CJIYKUT BbIUHCIeCHHe TaK Ha3bIBAeMBIx 
YCAOGHOIX OTHOCHTCJIbHbIX YaACTOT HM COOTBETCTBCHHO YCAOBHOIX Be- 
POATHOCTeH COObITHA, KOTOPble BLIUHCJIAIOTCA IPH YCAOBUL, “TO Opy- 
20e cobblTue nNpouz0ulAo, UM Ke, HAOGOPOT, NPU YCrosuU, “TO OHO 
He NPOUu3soWwAo. 


YCAOBHbIE OTHOCHTCAbHHE YACTOTH OCOO3HAUAWWTCH: Py pg, Pas, 
Pag “UT. 0, BepeaH YepTH MulWeTca COObITHe, YacTOTa KOTOpOrO 
onpedesneTcH, MO3amH YepTbl — yCJIOBHe, KOTOPOe pH 3TOM 3akpell- 
JIHETCH. 

Jlia BbIYyHCAeHHA Pap HYKHO aOCOMOTHY!O YaCTOTY m,, je- 
AUTb Ha aOcomwTHylo YacToTy coObITHA B, LAA BHYHCeHHA Dz,, 
HYKHO M,, M@MHTb Ha m, UW T. 0., KaK 3TO BAAHO B Ta6.1. III 











uw IV. 
Ta6anua fll 
B | B 
A PF) g = 9,80 ort ea 
Mroro.. 1,00 | 1,00 7 


Mexjy 6e3ycJIOBHBIMH H YCJIOBHbIMH OTHOCHTesIbHbIMH UaCTOTaMH 
CYINECTBYIOT COOTHOWEHHA, KOTOPbIe .1erKO HpoBepHTb lo TAG. 
IJ—IV (c TowHOocTbIO 2O BTOPOrO 3Haka Nocle 3ansaTon): 


Pxa=PapPat PapPa 
(11 T. MN. AAA Pry Pa, Pals 
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Ta6auuna IV 














| B B | Mroro 
: Pais = 9%, 17 a a 1,00 
A | p, 4 = 0,29 Py 0.71 1,00 








Pap=PuPpa™PsPas 
(ut. m. DAA Pag Pap Pap) 


AHAMOPHUHbIe COOTHOWeCHHA JOJIKHbI HMe€Tb M€CTO Mey COOT- 
BETCTBYIOILHMH BePOATHOCTAMH: 


P,=Pag Ppt PapPs (11.3.4) 
HT. It. JI 
Px, P,, Py, 
Pp =P Pa PuPap (11. 3.5) 


HT. UW. JIA 
P ag Pig» Pap 


Cootnouenve (11.3.4) Ha3piBaetca CBOHCTBOM MOJHOH BepoaTt- 
nocTH. OHO "HTaeTCaA: nOANUA UAU Oe3YCAOBHA BeEPOTHOCT Cobel- 
TUL PaBHa cpeOneti apudmeTUuYeCKOU UZ YCAOBHOLX BeponTHocTeti 
9TO2O COOLLTUA, E3GCILEHHOLX NO BeEPOATHOCTAM YCAOBUU. 

Cootnoulenue (11.3.5) Ha3bIBaeTCA NpABUNOM YMHOIEHUA 6C- 
posTrocTrett. OHO “WiTaeTCH: BEPOATHOCT6 COBMeU{CHUA Oeyx coootrur 
pacia npouseedexuro beposTHOCTuU OOKOZO cooblTun Ha YCAOBHYIO 
G6EPONTHOCTH OpycocO Np YCAOBUU, “TO NepBoe cobelTue NpOUuzsOWuANoO. 


Ecvid yClOBHbIe BepoasTHOCTH P, , U P,% paBHbl, TO co6niTHe 
A ye 3apucutT or co6bitan B, Yeu cuabHee oTanyaetcaA Pap OT 


Pz, TEM CHAbHee 3a4BHCHMOCTb A oT B. 
M3 papeuctsa (11. 3. 4) BHaHO, 4YTO B NepBOM CAy4ae 
P yp Pag = Pa (11.3.6) 
v3 paBeHctTBa (11. 3. 5) 
Pap = PaPs, (11. 3. 7) 


u3 papeucrr (11.3.5) u (11.3. 4) 


Paa=Paa=Ps. (11. 3. 8) 
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Pasencrpo (11.3.8) o3HauaeT, 4TO eC A ne 3aeucur oT B, TO 
u B xe gagucur or A, T. e. ce@oucTeo HesasucumMocTu cobolTuti 00- 
paTumo. 

Pasenctso (11.3.7) uHTaeTca: BepOATHOCTS coemeweHun OBYX 
yesaeucuMmblx COObITU paBHa nNpousBedenuto BeEpOATHOCTeL ITUX CO- 
6oiruti. Ananoruunbim o6pa30om dopMysiupyeTca MpaBylo yMHOKe- 
HHA BepOATHOCTelt AIA J0Ooro YMCA He3ABHCHMBIX COOBITHH. 

CnoxeHwe HM YMHOxKeHHe BepoATHOCTeH NPHHAANeKaT K UHCJIV 
OCHOBHBIX ONepalkH, Mp MOMOUIH KOTOPbIX MO BePOATHOCTAM OJHUX 
COObITHH PaCCUHTHIBAlOT BepQATHOCTH ApyrHx co6ObITHH, Cc HHMH CBA- 
3aHHBIX. 

3anaua. Halird BepOATHOCTb TOrO, YTO B 7 HCMbITaHHAX, MpoH3- 
BEMeHHBIX MO cxemMe TipoLlecca (a), co6pitHe A, uMelollee BepoxT- 


HOCTb Po, MOABHTCA 0, 1, 2,..n0 pas. 
Pemeuue. Bepostuoctb P(Q) Toro, YTO BN HCIbITAHHAX CO- 


6utue A He NOABUTCA BOBCe, paBHa BePpOATHOCTH M-KpaTHOTO TlOAB- 
jeuua co6pitua A. CaemopaTe/IbHo, M0 CBOHCTBY YMHOMKeHHA 


P (0) = (1 — Po)" 
nin, o6o3Hauan (1 — Po) YePe3 Yo, P(0)= q-. 


Bepoatuoctb P(1) Toro, 4TO co6pitue A NOABHTCA OAHH pa3 BN 
ACHBITAHHAX, HaleTca CJeMyIOuliM o6pa30m. OnpeseinM crepBa 
BeEPOATHOCTb TOTO, ITO A TosBHTCH B MepBOM HCMbITaHHH H He MO- 
SBUTCH B CJI@MYIOWIHX. ITA BePOATHOCTb IO CBOHCTBY YMHOXKeHHA 


paBHa: 
Pi 00 ...0 =Po95 


—_ ei” 
n—-1 


Ouepugno, ToH we BeIHYMHe paBHa BeEPOATHOCTb TOTO, UTO CO- 
6urue A MOABHTCA BO BTOPOM, TpeTbeM MH T. A. MCHbITANHAX w He 
IOABHTCA B OCTaJIbHbIX. Ho sce 3TH Cyya AB/AIOTCH HeECOBMECTH- 
MbIMH MYTAMH OMHOKpaTHoro NOABJICHHA co6pitua A. Ilo npapasy 
CMOXKCHUA HCKOMAaA BeEPOATHOCTb P(1) spsiseTcaA CYMMOH BCeX 9THX 
BepOATHOCTeH, a C/1eMOBATCIbHO, 


P (1) =npoq5- 


BepoantHoctb P(2) Toro, 4TO coObITve MOABHTCA Ba pa3a BN 
HCHbITAHHAX, PAaBHa CYMMe BepOATHOCTeH MOABeCHHA STOTO COObITHA 
Ha JBYX OMpeeeHHbIX NOPAAKOBbIX MECTAaX (uanpumep, | u 2,1 ud 
uv. 0.). Ho Kamada Takad BepOATHOCTh paBHa NO MIpaBuJly YMHO- 


*KeHHA 
2qn—2 
Pod 
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C.1¢0OBaTebHO, 
n(n—| 9 
P (2) == 29) pga? 
1.2 
HT. J. 


B o6ulem cayyae m-xpaTHoro nosBJeHHA COOHITHA 
7 7 A—m r 
P(m) = Crpo qs”, (11.3. 9) 
Co v 
rhe ©, — 4HC10 COUeCTAHHH U3 M 21CMCHTOB TO MM. 
Popmyaa (11.3.9) wasprBaetcs OunOMUADHOIM 3aKOHOM pacnpe- 


OeACHU YACTOTbL NOABJICHHA COOBITHA BN HCIbITAHHAX, MPOH3BeNeH- 
HBIX 10 CxeMe npouecca (a). 


eS eee P(m) WA KOUKpeTHOrO culy4uas, Korga 
P» — — H nt —_ . 


TaGauua 58 





m P (m) 
0 0,86 = 0,2621 
] 6-0,2-0,8 = 0,3932 
2 15-0, 2?-0,84 = 0,2458 
3 20-0 ,23-0,83 = 0.0819 
4 15-0, 24-082 = 0,0154 
5 6-0, 25-0,8 = 0,0015 
6 0,26 = 0, 0001 
1 ,0000 
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PUABA Xii 


SAKOHbI PACHPEHEJIEHHA H KOPPEJIAWHH 
§ 1. OBWIHE CBEXTEHHSA 


Hapsagy c cOOBITHAMH, JIA KOTOPbIX B HCIbITAHHAX BO3MO?KHDbI: 
JHlIb Ba HUCxXOa— NoABIeHHe WIN HellospseHve, Oymem pac- 
CMATPHBaTb MHOFOBapHaHTHble COOLITHA HIN NPU3HAKU, WIA KOTOPbIX 
pH KaKMOM UCMbITAHHH B YCJIOBHAX KOMMJeKca (C) BO3MOxKeH 
OAHH M3 HeCKOJIDKHX Pa3JIHUHbIX HCXOZ0B Ay, Ao,...A,. B MpHHATor 
HaMH CX@€Me HaKOINIe€HHA HCHbITAHHH Npoweccom (a) 2THM BapHaH- 
TaM OYAYT COOTBETCTBOBATb NMOCTOAHHbIe BepOATHOCTH Py, Po, ... Py. 

Popmyla WIM MpaBHsio, KoTOpoe Ain Kaxwkoro BapHanta Aj, 
Ag,...A, aeT COOTBETCTBYIONLYIO BeponTHOCTb Py, Po,...P,, BbIpa- 
*KaeT 3aKOH pacnpefesenun npu3Haka A. Ecam uucio BapHaHToB 
Mpu3Haka KOHeYHO H HeBeJIH- 
KO, TO OHH MOTYT ObITb 3amlH- 
CaHbl BMeCTe C COOTBETCTBYIO- 


TaGauya 59 


IHMH BepOATHOCTAMH B TaO- Bapuantol BepoaTtHocts 
NHIe. 

Bepostuoctu P), Po,... Py» At P, 
HaXOJAT JIM60 Ha OCHOBe TeO- As P, 
pemuyeckoro aHavlH3a ABJIC- 

HHA, HOO MpHOsMxKeHHO m0 : : 
OTHOCHTAIBHLIM YacTOTaM Ba- Ap P, 
pHaHTos Aj, Ao,... A, B WocTa- ee 

TOUHO JVJIMHHOM pay NOBTO- Mtoro. . rPp=1 


peHHH KOMIVWIeKCa ycIOBHH 
(C). [IpumMep BepostHocteli, HaHeHHBIX MepBbIM IlyTeM, WaeT 3aKOH. 
paclipefesieHHA YACTOTbI 772 MOABJICHHA COObITHA B Nn HCIIbITAHHAX, 
BbIBECHHbIN B KOHIe Mpesblqyulei rmaBpl. IIpuMeppl BeposxTHocTed, 
HaleHHble BTOPbIM IlyTeM, WaloT HaM Tao. 2, 20 u Apyrue TabuH- 
ubt pasgena I. Jina scex sTux TaOMM clenqyeT CUMTaTb, UTO MAaTe- 
pHaJI HAKOMJIeH MpoweccoM (a), H paCCMaTPHBAaTb OTHOCHTeJIbHbIe 4a- 
CTOTbI KaK MpHOJIMKeHHbIe 3HAYCHHA BEPOATHOCTeH COOTBETCTBYIOIWIMX 
BapHaHTOB. 

239. 
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SakOHbl pacnpeseieuHA KOJIM4eCTBEHHBIX MPH3HaKOB H300paxKa- 
IOTCH rpad@uyecku B BHAe NOJIMrOHoOB, THCTOrpaMM H MWwaBHbIX Kpu- 
BbIX NOJOOHO pxgaM pacnpegeneHuaA. Mecto vacToT 3feCb 3aHHMaIOT 
BpepostuocTH. [Ipu @uckpeTHOH BapHalHH BepOATHOCTH H300paxKa- 
IOTCH OPAHHATEMH COOTBCTCTBVIOINWNX BapHaHTOB (plc. 56); pu He- 


p 





sIPEPbIBHOH -— BEPOATHOCTH OTHOCATCA He K OTJe@JIbHbIM BapHaHTaM, a 
K MHTePBalaM 3HaveHHH NpH3HaKa H H300paxKaloTcA B Bue MWIO- 
uae KPHBOJIMHeEHHbIX TpallecwHH, MOCTPOeCHHbIX Ha 3THX HHTep- 
padax (pic. 57). 


W{x)- anomuocms Bepoamuacmu 8 mayne x 
OP - bepeamuocms 





OTHOCA BePOATHOCTb K CAHHHWe HSMepeHHA IIpH3Haka, T. e. Deda 
sepostHoctb AP Ha BeHYHHy HuTepBasia Ax, MoyyaemMm NAOTHOCTO 
BeCPOATHOCTU (CPeAHIOIO TWIOTHOCTb Ha UHTepBasle AX) — NOHATHE, 
AHaJIOPMYHOe ITWIOTHOCTH YaCTOTHI. 

ITAOTHOCT® Ge€pOATHOCTU B TOUKE xX peacTaBsaer COOoH Mpon3- 
BOAHYtO 

v(x) ee tim 72 (12.1.1) 
ax Axy—- ©O Ax 
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u u3z06paxaetca (TaM, re OHa CyWIeCTByeT) B BUMe OPAHHATHI TeO- 
peTuyecKOH KpHBOH pacnpeyeseHHA, BOCCTAHOBJICHHOM B TOUKe X 
(puc. 57). eee | _ 

Jan TeOpeTHYeECKHX KPHBbIX pachpetelIeHHA CpeTHee 3SHAYCHHE Xo 
HM cpefqHee KBafpaTHyeckOe OTKJIOHEHHE Oo ONpeweAIOTCA MpH AUC 
KpeTHOHM BapHallwu To dopMyiam 


X= UxKP, (12. 1. 2) 
a = Vy U(x— XP, (12. 1. 3) 
Hp HempepbIBHOH BapHaluH mo opMy.1aM 
400 
x= | x (x) dx, (12. 1. 4) 
a 
a \ (x — X,)2v(x)dx, (12. 1. 5) 


. 
re p(x) — MIOTHOCTh BEPOATHOCTH B TOUKe X, \ p(x) dx = 1. 
— © 


Xo H Oo Ha3bIBAlOTCH TeOpeTHYCCKHMH TiOKaSaATCAAMH, Tak Kak 
Mp HX BhIUHCJICHHH BaPHAaHTb! MPHSNaKa B3BeEWIHBalOTCH He TNO OTHO- 
CHT@JIBHBIM UaCTOTAM, a TO BepOHTHOCTHM, KOTOPbie MOMKHO Padc- 
CMaATPHBaTb KdaK TeOPeTHYeCKHe SHAUNCHHA OTHOCHTCJIBHBIX UaCTOT, 
WH MO IWIOTHOCTHM BCDPOHRTHOCTCH. 


TeopeTHyuecKy!0 CPCAHIOIO Xp MPHHATO HA3bIBATb MATEMQATUYECKUM 
ouwudanuem CJyYalHOH NepeMeHHOH x H OO03HauaTb B 3TOM Culy4ae 
yepes M(x). STHM TEPMHHOM B JaJIbHeHWeM MbI OyeM 4aCTO TOJIb- 
30BaTbCA. 

IlocrpoeHue TeopeTHYeCKHX KPHBbIX PaclipeeIeHUA MO OMbITHLIM 
JaHHbIM COCTaBIAeT 3afa4y MATeMaTHYeCKOFO BbIPABHHBaHHA PAOB 
pactipeneieHHA, KOTOPad Oblia MocTaBseHa B ruaBe II pasgena I u 
paccMaTPHBaeTCA B CJIeMyIOlWeM Naparpade. 

Hapsagy c 3aKOHaMH, JlexKAaUIHMH B OCHOBe CTATHCTHYeCKHX pA- 
AOB pacnpefeteHHA, TEOPHA BePOATHOCTeli H3y4aeT 3AKOHHI, JleKa- 
Iie B OCHOBe MHOPOMePpHbIX CTATHCTHYeCKHX pacnpeseseHHh — Kop- 
P@IALHOHHBIX TAG ABYX HW OOJIbUIero 4uCa U3MepeHHH. Takue 
3€KOHbI Ha3bIBalOTCA MHOTOMePHbIMH 3aKOHaMH paciipeseseHua, WIH 
3aKOHAMM KOppeJIAUMH. 

MuHoroMepHbIH 3aKOH paciipememeHia oMpefsenaeTca TpaByJiIom 
HIH MOPMYJIOH, KOTOpad B CJlyuae MHCKPeTHBIX pacpemevleHHi WIA 
KaxKOH KOMOHHAaLWH 3HaYeHHH Mpu3HaKOB xX, Y, 2... MaeT BepOar- 


16 a. ou. Jlykomckuit 24} 
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HOCTb 3TOH KOMOHHALMH, a B CJlyuae HeNpepbIBHBIX paciipenzesennii — 
MJIOTHOCTh BepoaTHOCTH. IIpH 3TOM TVIOTHOCTbh BePOATHOCTH B TOUKe 
(x, y, 2...) ONpegeiseTca Tak 

AP 


AxAyAz... 
Ax->0 
Ay->Q 
Az>0 


bs 


p (x, y, 2,.. .) == fim 


roe (AxAyAz...) — o6neM OeCKOHeYHO Maworo BIeMeHTAa O6.1ac- 
TH, Ha KOTOpylo pacnpoctTpaHAeTcH BepoATHOCTb AP. 





Puc. 58. Mosepxuocth pacnpe xeaenna 


JpyMepublit 3aKOH pacnpexeleHHA HempepblBHoro Tuma u306pa- 
*KaCTCH B MeKAPTOBOH CHCTeMe KOOPAHHAT B BUA MOBeEPXHOCTH pac- 
npeneteHia (pue. 58), mie amMJHKaTb! BbIPAKAwT MIOTHOCTH Bepo- 
“STHOCTCI! COOTBETCTBYIOIHX TOU€K KOOPAHHATHOH maocKkoctTH (xOy). 
CeucHHa STCH MOBEPXHOCTH MIOCKOCTAMH, MapaJJeJbHbIMH KOOPAH- 
HATHOH NeockoctH yOw, Baior TcopeTHuecKue KPHBbIe paciipesee- 
HHS MO Mplstaky Y, COOTRCTCTBYIOUIHe 3A2aHHbIM 31aucHHAM xX. OTH 
KPHPbIG ABIAIOTCA TpadnueckuM U3800PaKecHHeM TAK Ha3sbIBaeMbIxX 
YCJIORHBIX SAKOHOB Paclipelelenis Y MPH SasaHubix x. 

TIpoekUuH WeHTPOB TAKECTH STHX KPHBLIX Ha TIocKOcTb XOy Ha- 
SbIBAIOTCH YCJIOBHBIMH MATeMATHYCCKUMIH GMUAANHAMH Y; TeOMeTPH- 
yeCKOe MCCTO MOCJCNHUX ABIAeTCA TeOpeTHYeCKOH JINHNell perpec- 
cHH y m0 x. AHaslorisno CevenHsA MOBepXHOCTH pacnpeleeHHA TMWIO- 
CKOCTAMH, MapaseJIbHbIMH KOOPAMHAaTHOH MlocKocTH xOw, o6pa- 
3YIOT TCOPpeTHYeCKHe KpHBble PacipeweveHHA NO MpwH3Haky x, COOT- 
BETCTBYIOUIHe 347aHHbIM 3Ha4CHHSM Y HM BbipaKatoule YCOBHBIC 


oe 
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3aKOHbI pacipegeteHna x. [Ipoekunu weHTpoB TAXKeCTH 9THX KDpH- 
BBIX Ha TWIOCKOCTb xOy ABJIAIOTCA H306paxKeHHAMH YCJIOBHBIX MaTe- 
MaTHYeCCKHX OMKMMaHHH xX; HX TeOMeTpHYecKOe MeCTO — TeOpeTHYe- 
CKaAf JIMHHA perpeccHH x No y. . 

AHaJIOrHYHO ONpeAeAIOTCH YCJIOBHbIe TeopeTHueckHe MCrep- 
CHH O"oy.% H Gor y, T. @. AUCMEPCHH YCJIOBHbIX 3aKOHOB pacripese- 
Ji@HuA Y WH X, WH MOKa3saTeM, XapakTepH3ylolive TeCHOTy KOppeua- 
IWHOHHOH 3aBHCHMOCTH, KaK-TO: TeOpeTHYeCKHe KOPPeJIAWHOHHbIe OT- 
HOWeHHA, TeopeTHyecKHH KOS@DHUMeEHT KoOppetauuu. Bce 9TH 
NOKa3aTeH ONpeselAlOoTCA QOpMyaMH, BOJHe aHaJIOrTHUHbIMH 
(opMyaM nmomcyeTa COOTBETCTBYIOWUAX CTATHCTHYeCKHX NOKa3aTe- 
JleH, C TEM pa3JIMUHeM, YTO BeCaMH Np BapWaHTax CJlyKaT He Ya- 
CTOTbI, 4 BEPpOATHOCTH (HJIH MVIOTHOCTH BeposTHOCTeH), a KOHeYHOe 
CYMMHpoBaHHe B Cuy4ae HeNmpepbIBHbIX 34KOHOB 3aAMCHACTCA HHTE- 
rpHpoBaHHeM. Tak, HanpHMep, IA TeopeTHuecKOoro Koadmuuneuta 
KOPpeJIAWHH HMeeM (opMyJy: 

pe MA Xo) (9 — Yo)} 
0 » 
Sox7%0y 


rie B CJlyyae HelpepbiIBHOH BapHalluHn 


4+-0CO 4+ OO 


M {(x — X) (y — y)} = | \ (x — x») (y—yy) o(x, y)adxdy. 


—O— 6 


IIpH HakonleHHH MaTepHasa mpomeccom (a) Bce paccmaTpHBae- 
Mbl€ HAMH TeOpeTHYeCKHe MOKa3aTeIM MOMKHO CUHTATb NpeAebHbIMH 
3HAUCHHAMH COOTBETCTBYIOINHX CTATHCTHYeCKHX OKa3aTeleh no- 
NO6HO TOMY, KaK BePOATHOCTH MOXKHO CUHTATh MpeMebHBIMU 3Ha- 
YeCHHAMH OTHOCHTeJIbHbIX YacTOT. TeopeTuyecKue MoKa3aTen O603Ha- 
WalOTCH TEMH Ke CHMBOJIAMH, 4TO HW COOTBETCTBYIOWHe HM CTATH- 
CTHYeCKHE, HO COMPOBO*KAAawWTcA HHAeKcoM 0. | 


§ 2. HOPMAJIBHbIM 3AKOH PACHPEREJIEHHS. 


HanOoJlee 3HauHTeIbHble MpHO%KeHUA B MpakTuKe cTaTUcTHYe- 
CKOrO aHaJIH3a H OCHOBHOe 3HayeHHe WIA TeOpHu MaTeMaTuuecKolt 
CTATHCTHKH HM€eT Tak Ha3bIBaeMbIM HOPMAJIbHbIM 3aKOH pacmpere- 
neHia. MHoroynceHHble PALI pactipezeeHuA OMbITHOTO MaTepHasa 
Ha MpOH3BO/CTBe OOHAPyKHBaWT B OOJbUIMHCTBe culyuaeB YepTHt 
HOPMaJIbHOrO 3aKOHa. TeopHaA BepoATHOCTeH ocBeulaeT STOT dakT, 
HCcekyA YCIOBHA, NPH KOTOPbIX BO3HHKaeT HOPMAJIbHbIM 3aKOH pac- 
mpezeeHuaA. : 

CyTb ela 3akouaeTc# B TOM, TO HOPMAJIbHBI 3aKOn pacnpe- 
AeCNCHHA ABJIACTCA NpeOeAbHbIM 3AKOHOM, K KOTOPOMy Mpu6mMx«a- 
IOTCA MHOrHe [pyre 3aKOHbI pacnpeyxeeHuA MpH oNnpeneneHHbIx 
yesloBHax. Ecam HHTepecyroumMl Hac NpH3HakK MOMKHO paccMaTpHBaThb 
Kak Pe3y/IbTaT CYMMAPHOTO JeHCTBHA pana (akTopos, KaxKAbI v3 
KOTOPBIX MaJIO CBA3AH C OOMbINIMHCTBOM OCTAJIbDHbIX, H BIIMAHWe Kax- 
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moro pakTopa Ha pe3y/IbTaT HaMHOFO MepeKpPbIBACTCA CYMMaPHBbIM 
BJIMAHHEM BCCX OCTAJIbHbIX (AKTOPOB, TO IPH OOJIbLIOM HCE TAKHX 
(bakTOPOB 3aKOH pacnpeweieHHA MpH3Haka CTaHOBHTCA OJIM3KHM 
K HOpMaJIbHomy |. 

[lepeuvcuieHHble yCIOBMA HMeIOT, NO-BHAHMOMY, JOCTATOUHO 00- 
wit XapakTep, Jem OObSCHAeTCA IWHpoKoe pacupocTpaHeHue HOp- 
MadbHoro 3aKoHa2. Oco6ylo BaxKHOCTh MpemcTaBJiser TO OOcTOS- 
TeIbCTRO, UTO HOPMAJIbHOMy 3aKOHy pacnipeseieHua MpHOMMKeHHO 
TOMYHHAIOTCH CYUaHbie OLUHOKH BaKHeHWAX CTATHCTHYECKUX NOKa- 
3aTedell IpH MOCTaTOUHOM UNCe HaO/OAeHHH, HAKOMICHHBIX MPo- 
eccom (a). Orcioja HeoOxOANMO TOAPOOHO OCTAHOBHTbCH Ha CBOH- 
CTBaX STOFO 3aKOHa H eFO HCHOMb3OBaHHH. 

HopMasIbublii 3aKOH paciipes(evieHHua Bblpakaerca (bopmMy.10l 








1 /{/x-a\3 
g(x)= eal) (12. 2. 1) 


V 2x6 
rile Xx — BapwaHT NpH3haka; 
¢ (x) — COOTBETCTBYOUad MAOTHOCTb BePOATHOCTH, 
a, b — apaveTpbl HOPMa/IbHOrO 3aKOHA, 
€, ™— H3BeCTHbI€ KOHCTAHThI MATeMaTHYeCCKOrO ahaha. 


Viccnenopanne cdopmyunt (12.2.1) nmoka3biBaeT, UTO KpHBan HOp- 
MQJIbBHOrO 3aKOHAa — TaK Ha3bIBaeMaA HOPMAJIbHaxH KPHBaA pacripe- 
jlesICHAA — CHMMeTPHUHA OTHOCHTE/IbHO BeEPTHKAJIbHOH OCH, MpOxo- 
yaleli uepes TOUKy X=, B KOTOPOH UMeeT MeCTO MaKCHMYM KPHBOH. 
Kpupaad uMeeT Be TOUKH MeperOa, HaxoAmluecd Ha PacCTOAHHH 
+6 or wentpa a. Kpusaa B oOe CTOpOHbl acCHMMTOTHYCCKH cOuIH- 
2aeresl C OCbIO X (pHc. 59). 

Jlerko noKka3aTb, YTO Mapametpb! a u b MOryT ObITb BbIpaKeHbl 
cle MyYIOW4uM OOpa3om: 





+ 00 
Q= | xo (x) dx, 
= 
b= (x — a)’e (x) dx. 


CnefopatesibHo, @=Xp UH O=Oo, T. €. MapaMeTpbl a HU b ABJIAIOTCH 
COOTBeTCTBEHHO TeopeTHUCccKO cpelHeli aplUPMeTHYCCKOH BeJIHUH- 





1T, Kpamep, Matematuueckue MeTOAbI CTATHCTHKH, M1. 17 nu 18, 1948, 
A. GS. Xuuunu, [pexenbupie 3akoubl AA CYMM HC3aBHCHMBIX CJ1y YaHHbIx 
neHUHH, 1938. 

2 O 3HaveCHHH HOPMaJIbHOTO 3aKOHa pacnpesevennaA lpi o6paOoTrKe cTaTH- 


cTieckHx glaunbix cm. B. C. Sic TpemMcKkui, MatematHuecKkan CTaTH- 
eTuKa, 1957. 
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HOM MIpH3Haka UM TeOpeTHYeCKMM CPeJHHM KBapaTHYeCKHM OTKO- 
HeHHeM IIpH3Haka OT ero CpesHeH BeJIMUHHEL. Ilostomy dopmysia 
(12.2.1) 6yneT B AabHeiwlem u3s0OpaxKaTbCA B BHC. 





1 {x—X, . oo 
1 7 2 ( o . 
X — e : e (12. DH 2) 
9 ) V 2z So 


& 
Lory 
© 
6 














OK 509 
Meeetates 
0.006, 


Tovxa nepeeuda 


O 


SS 
N 
a 
No 


Nnomunocme pacnpedenenus 





Q054 g 
Weegee get ee a 
~J6, ~€0, ~O% 6 6 0 0 
- - - i ’ t 
: _— 1383 se é 
bea 0.955 et 
0.997 ) 


Puc. 59. HopManbuad KpvBan pacnpejereHua 


C H3MeHeHHeM MapaMeTpa Xo KpuBas, COXpaHAA CBOIO *Popmy, Mepe- 
mMellaeTca Mo ocu x (prc. 60). C H3MeHeHHeM MapaMeTpa Oo KpuBan 
W3MeHAeT cBoe paccesHHe (puc. 61). 


B uvacTHOM cayuae, korza xX,=0, o=I1, ypaBHeHHe HOp- 
MaJIbHOH KpHBOH NpwHAMaeT NpocTevmIHA BA 
2 

ag a, 
V 2n 
Ypapuenne (12.2.3) HasbiBaeTcH CTaHapTHbIM YypaBHeHHeM 
HOPMaJIbHOH KpuBol. OOmee ypapHeHue (12.2.2) Bcerga MOKHO 


MpHsecTH K CTaHZapTHoH dopme (12.2.3) MyTrem 3aMeHbI apry- 
MeHTa X TlepeMeHHbIM ¢ : 





9 (x)= (12:2°-3) 


pig tS (12. 2. 4) 


Go 
uTO O3HAYaeT CTAHLapTHsallulo MaclTa6a x. 
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Hanomunm cbu3nyecknii cMbic mepemMeHHoli f: 

¢ NOKA3bIBaeT, Ha CKOJIbKO CHIM (60) OTKJIOHACTCA aHHOe 3Ha- 
ueHHe X OT CBOeH CpeAHeH Xo. CaeqOBaTeIbHO, HOBOe Hayao oTC¥eTA 
coplalaeT C NpeKHeH Xo 1 HOBAaH eCUHMMa H3MepeHHA paBHa Mpex- 
Hel Oo. 


Puc. 60 


IIpeo6pazopanne (12.2.4) mo3pomser HanucaTb ypaBHeHue 
(12.2.2) B Bugae 


{2 


- ee 
Oe ee (122255) 
V 


2% 


rae 9(f)— NOTHOCTB BepOATHOCTH Ha eAHHHMY H3MepeHuA ImpH- 
3HaKa f, KOTOPad B 99 pas OObIe CHHHHUB U3Mepenna x 





Puc. 61 


(eM. puc. 59). Caegopateabno, ¢(f)=o,9(x) H 9) B 3HaMeHa- 
Tele mpaBpoH uacra opmywtnr (12. 2.2) coxpanyaiorca. Burance- 
Hue ¢(f) no dopmyae (12.2.5) 3ameHsetcH TaOuHlkaMH 9TOH 
PYHKOWH, KOTOPbIe€ WaHbl B MpwHvowmennn II, taba. 2. 

Pacuef HOPMaJIbHOH KPHBOH pacnpeseleHia MpPHMeHHTebHO 
K ONBITHBIM JaHHbIM MpOH3BOAHTCA TaK Ha3bIBaeMbIM MeTOJOM MO- 
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M@HTOB, KOTOPbIM COCTOHT B TOM, 4TO MOKa3aTeJIM Xo HK Oo HOP- 


M@JIbHOrO 3€KOHA IIPHPABHHBAalOTCA COOTBETCTBEHHEIM MOKa3aTeAM X 
iio Hallero OMbITHOrO MaTepHasia. MoMeHTamH pacnipefesenua (Of- 
HOMepHoro) MopayKa Rk OTHOCHTeIbHO C Ha3biBaloTcA MokasaTewit 


_ ry 
BHA: M, = 2e—* uu M,,= M {((x—C)*}. aa myoromep- 


HbIX pacnpeAeeHHH MOMCHTAMH Ha3bIBaIOTCH MOKAasaTeTH BHA: 
Ym (x —C,)* (y—Ca)... 
Mi. == 
Lm _ 
= M {((x —C,)*(y —C,)!...}. 4%, ¢ W Xo, 59 ABAAIOTCA PASHOBHLHO- 
cTAaMa MoMeHTOB!. CyleqoBaTeIbHO, MOAcTaBaa B dopMyvie 
(11.2.2) Ha MeCTO HeH3BeCTHBIX Xo H Oo BeJIMUHHbI X HM O, pac- 
CUHTAHHbIe MO OMbITHDIM JAaHHbIM, NOJy4yaeM YpaBHeHHe HOPMaJIb- 
HoH KpHBoh?. Jina mocTpoeHun HOPMaJIbHOH KPHBOH ocTaeTcA 
3afaTb PAA 3HaYeHHH xX, MOYYHTb NO YpaBHeHHo (12.2.2) cooT- 
BeTCTBYIOle M(x) H MO NOMYYeHHbIM TOUKAM MOCTPOHTb KPHBYVO. 
Qror mpouecc cHbHO OOleruaeTCA, CIM NPHMCHHTb 3aMeHy lepe- 
MeHHolt (11.2.4) uw Hcnomb30BaTb Ta6IHUb! PYHKUMH o(t). 
IIpomecc nocTpoeHHA HOPMAJIbHOH KPHBOM NpPOWJNOCTpHpyeM Ha 
IIPUMepe pacnipexeeHuA MOPWIHEBBIX KOMel, NO BeJIMYHHe YIpyroctH. 


1. IIlpexge Bcero paccuuTaeM MapaMeTpbl xX H G. PacueT mpo- 
H3BOHMM B cTom6uax 3, 4, 5 Tab. 60 


WIH COOTBETCTBEHHO Mo .¢,1,...= 
































Tabauya 60 
| | 

x | m x’ | x’m| xm t o(t) |¢(x)1000 | Y°/,. at 

eg Ta eS Se i a ee 
1110 1 | —6 |—6| 36 |—3,62/0,0006, 0,007 | 0,1 0 ,0004 
1160 0 | —5 0 0 |—3,02/0,0042} 0,051 | 0 0 ,0025 
1210 4 —4 | —16 64 |—2,42/0,0213) 0.257 0,4 06,0128 
1260 9 | —3 | —27| 81 |—1,82/0,0761} 0,917 | 0,9 0,0459 
1310 18 —2 | —36| ‘72 |—1,2110,1919) 2,312 1,8 0,1156 
1360 40 | —1 |—40] 40 |—0,61/0,3312) 3,990 | 4,0 0, 1995 
1410 49 0 0 0 |—0,01/0,3970} 4,783 4,9 0, 2392 
1460 43 l 43 43 0,590 ,3352| 4,038 4,3 0, 2019 
1510 26 2 52 | 104 1,2010,1942) 2,310 2,6 0,1170 
1560 8 3 24 72 1,8( 10 0790) 0,952 0,8 0,0176 
1610 1 4 4| 16 | 2,4010,0224; 0,270 | 0,1 0.0135 
1660 1 5 5| 25 | 3 ,00)0,0044 0,053 | 0,1 0 ,0026 

Se a I a 

Hitroro! 200 | — 3 | D038 a | — -— — — 
== — 0,015; x= 1410 +0,015-50 = 1410,75; 


1 O momentax cm. [6], (71, [8], [10], [11], [12]. 

2 QTo ypapHeHne He AB/IHeTCH ypaBHeHHeM JeliCTBHTeIbHO TeopeTHuecKOH 
KpHBOH, a JIMIIb HaHOomee MOAXoAAUen OWUCHKOH ypaBHeHHA, KOTOPylO MOXKHO 
clelaTb Ha OCHOBaHHH OrpaHHueHHoro Y4uCa MCMbITaHHH. 


47 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


ee > — 0,015% = 1,66; «= 50- 1,68 = 83,00, 


2. Haxogum 3Haueuna f, COOTBETCTBYIOUINe WeHTpaM HHTepBa- 
JIOB (T. e. SHAMCHHAM X, YKa3@HHBIM B CTONONe | Ta6auB), m0 


ee 
mopmyure era Pe3yJbTaTH 3aNHCbiBaeM B cTOn6ue 6 Tab- 


AMMbI; Pa3HOCTh M@XKAY NOCTeMOBATebHBIMH 3HaYeHHAMH f¢ nO- 


i . 
CTOAHHA KH paBHa -—, rae £— JLWHHa HHT epBaJla. 


a 


fromvocms pocnpedenenus 6 % 





1160 


om) 
~ 82 882 8 Ss Ss 8g 4 
S =o: =) Ss Ss 8 8 


_— 


D 
— wy 


Pue. 62. PucrorpaMMa 4 HOpMaabuaa KPHBaa pacnpenene- 
una 200 mopurneBLIx KOAeW NO BeAHUHHE yupyrocru 


3. Ilo Ta6smue dyukunn ¢(¢t) HaxonHM faa Kak oro ¢t 3Ha- 
yeHHe 9(f}. Pe3ybTaTM mHImeM B Crou6ue 7 TAO AHILBI. 

KpoMe yKa3aHHbIX B TaOvHMue, 29 MOCTPOeCHHA HOPMaJIbHOM 
KPHBOH BaKHO OTMETHTb elle TpH 3HayeHHa 9 (f): 
np £=0 o(¢) =0,399 (rouka Makcumyna) 


(x = x); 
npa t= +1 9(t)—0,242 (rouxu neperu6a) 
€: =X a 3). 
4. PaccuHTblBaeM OPAMHAaTbl HOPMaJbHOM KpuBOi Mo cpopmyvie 
o(x)= 2), (12, 2. 6) 


OTH OPANWATHI 3anucyrBaemM B cTOJT6He 8 Ta6.1. 60. 
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5. CTpouM HOPM@JIbHylO KPpHBylo TIO OpgszHHatam q(t), BoccTa- 
HOBJICHHbIM B IeHTpax HHTepBasoB (cTom6en 8 TaOmHUbI) H B JO- 
NOJIHHTeJIBHBIX Tpex TOUKAX — TOUKe MAKCHMYMa HU TOUKaX Mepe- 
ru6a (puc. 62). 

6. Ha Tom xe plcyHKe Momellaem OMbITHbIM rpaduK pacmpe- 
J@vIeHHA — NOJIMrOH WIM rucTorpaMMy. JIA CormiacoBaHHA MaclliTa- 
60B OPAHHAaTHI ONbITHOTO rpadukKa BbIpakKaloTcA yepes MIOTHOCTH 
OTHOCHTeJIbHbIX YaCTOT pxAa pacnpegeeHua Y, aa yero abcowoT- 
Hbl€ YACTOTbI HHTEPBaIOB Mm WeNATCA Ha Ni, 


in 


rye 2—O6beM COBOKYIIHOCTH; 
i— JIHHa MHTepBawta. 


SHayeuna Y 3anucaHb B cTrom6ue 9 Tra6n. 60. 


Tlop3yacb HOpMaJIbHOH KPHBOH pacipezeseHuA, MOMKHO OLe- 
HHTb BeEPOATHOCTH 3HaYeHHH MpH3Haka OoJlee TOUHO, 4eM 3TO ReaeTcs 
HEMOCPeACTBEHHO MO Y4aCTOTAM PxAa pacnpeseyeHHA, B YACTHOCTH 
OWGHHTb BePOATHHIN Opak mpozyKunn. Jha sTOH WetH HEOOxOAHMO. 
YMe€Tb PaCCYHTHIBATb IVIOUaIH KPHBOJIMHeEHHbIX TpalleuW, OrpaHH- 
YeHHble CBEPXY OTPpe3KaMH HOPMaJIbHOH KPHBOM M MMelOIHe OCHOBA- 
HHEM COOTBETCTBYIOWIMe HMHTepBaJIbl OCH AOCLLHCC. 

IInouadb Tpaneluu W3MepHeT BEPOATHOCTh JWIA X MOMACTh B CO- 
OTBETCTBYIOWIHH HHTepBasl 3HAYeCHHH X WIM, UTO TO Ke, BEPOATHOCTb 


Ain ¢ OKa3aTbCA B COOTBeTCTBYIOINeM HHTepBadie 3HayeHHH ¢f 
(puc. 63). 





Puc. 63 


ITa MIOWLaAb BbIPaMRKaeTCH HHTCrpaslaMu 


Xs ty 
S (x:%2) =|9 (x) dx= (9(f at, 


P, aac, 5 





roe t= , Xo > X4. 
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B calyyae, Korga UHTepecylolve Hac UHTepBaJlbl 3HAaYeHHH HeBe- 
JIMKH, TO pacueT Momlagqeh MpHOsMxKeHHO OCYLeCcTBIAeTCA NO op- 
mMyuvle 


S(X4, Ke) SHO (4)-8 (12. 2. 8) 


re X — WeHTPp HHTepBala (xX), Xo); i — BeIMUMHAa HHTepBawa. CooT- 
BETCTBYIOWHe UHCa AIA Halliero MpHMepa yKa3aHb B cToNOue 10 
TaOJIHUBI. 

B o6ulem culyyae pacueT MIOWateH MpOH3BOANTCA CIEAYIOULHM 
o0pa30om. 

PaccMoTpuM (pyHKILHI0 


+e 
Pit) =\¢ (t) dt. (12. 2. 9) 
Pyukuun O(t) npn t>O0 u3zmepset nOulatb HOPMa.1bHOH 


KPHBOH Ha oTpe3Kax (—f, +7), KOHILbI KOTOPbIX paCNO0#KeHbI 
CHMMCTPH4HO OTHOCHTeJIbHO WeHTpa (puc. 64). 





S3Hayenna PyHKyHH © (ft) AaHbl B pacueTHOH Ta6.1. 2 MpHio- 
akeHua Il. C nomMonutbio STOMA TaOvIMIbl MO2KHO ONPECeCAATb MJ10- 
wath KpHBOM S(f,, tf.) Ha HMHTepBae C MPOHK3BO/IbHO pacnoJlo- 
YCHHBIMH KOHUAMH ¢, Hf, (f. > f,) no Mopmy.1e 


D (ty) —~ P(t 
S(t, t= fe 
>t; 


(12. 2. 10) 


Jlia mpumMepa paccuntaem no gopmyie (12.2.10) naomann 
KpHBOM JIA MHTepBasoB TaOa. 61. Ormeuaem rpaHHUbl HHTePBaOB 
mo x B crojm6ue | Hw cooTBeTCTByIOlIMe rpaHHlbl HHTepBasloB no ft 
B cTrom6ue 2 Ta6n. 61. CootsercTByiomHe 3HaueHHA W(t) ykKa- 
3aHbI B cToJ6ue 3, a S(f,, t,)—B cronOue 4. Tip pacuere 
celLyeT HMMe€Tb B BHAY HeyeTHOCTD *yHKunA P(t), T. e. TO 
P(—t)h=— Pit). 
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Ta6auya 61 
Xep | bop : P (fp) | S(t, ts) 
1085 —3,92 —0,9999 0,0004 
1135 —3,32 —~0,9991 0 ,0028 
1185 —2,72 —( 9935 0,0138 
1235 —2,12 —-0,9660 0 ,0472 
1285 —1,52 —0,8715 0,1172 
1335 —0,91 —0,6372 0,1969 
1385 —0,3l —0, 2434 0 2358 
1435 0,29 0, 2282 0,1992 
1485 0,89 0.6255 0,1200 
1535 1,50 0, 8664 0,0490 
1585, 2,10 0 ,9643 0,0144 
1635 2,70 * 0,9931 0,0030 


1685 3,30 0,9990 


TlomyueHHbie OMe€HKH BepOATHOCTeH 6/IH3KH K OL@HKaM, paccyH- 
TaHHbIM To d@opmyvie (12.2.8) (cron6ey 10 Ta61. 60). 


B KayecTBe Apyroro MpumMepa paccMOTpHM CeAYIOULYIO 3amauy. 
Jian pa3Mepa meTaiuH x moce MexaHnueckoh O6pa6oTKH 3a2aHo 
nome MonycKa 20p-+40p. VsapectHo, uTo pa3mMep x momyuHserca 
HOPMaJbHOMy 3aKOHY pacmpenerewwA HM TO AA HeKOTOPON 
NapTHuH peTaneh x = 33p, o= 4p. OnpenzemuTbh BepOATHOCTh Opaka 
MO 3€BLILGHHOMY HM 3aHHKCHHOMYy pa3Mepy — ,OpaK cipaBa“ u 
nopak caeBa“ (puc. 65). 

Pemenuue. 1. [panuup noaa gonycka «,=20 u x, = 40 Bu 
paxaem B Macuita6e f; 

AIA JI@BOH PpaHHIbl 





megs At) —3 
pe see = bs On 





2. [Ipumensem *opmywy (12.2. 10) oan onpene.renna ooma- 
AW npaBporo ,xBOCcTa“ KpHBOH, CuHtTad P(co)—1, 


Sit, o)= 1—@(ta) _ 1— (1,75) _ 1 — 0,9199 __ 0, 0801 — 0.0400. 
2 2 2 Z 
To xe, Qa mesoro ,xpocta*, cuutan P(—oco)=—— 1, 
Sieg 2, ee. 
me LP (8,25) _ 1 —0,99885 __ _9,00115 — 9.0006 
9 9 et , a 
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Cre@OBaTe.IbHO, BEPOATHBIK MpoweuT Opaka cmpaBa 
B= 100-S (é,, 2) = 4,00% ; 
BEPOATHBIM % Opaka CvieBa 
B ,=100-S(— «, #,)=0,06%. 





flone donycKa 
Puc. 65 


O6mHA MpomextT BeponTHoro Opaka 


B=6,+4+ 6, = 4,00 + 0,06 = 4,06%. 


§ 3. HOPMAJIBHAA KOPPEJALWSA 


Hapasly C OMHOMePHBIMH HOPMAAbHbIMH 3a€KOHaMH paciipeesieHuA 
B TCOPHH BEPOATHOCTell PaCCMATPHBAIOTCH HOPMAJIbHbIe 3aKOHbI ABYX 
H 60JIbuIero UHCa H3MepeHHH —- TAK Ha3bIBaeMble 3aKOHbI HOPMAaJIb- 
HOH KoppesisuHH. HopMaJibHble 3aKOHbI UPpaloT BaxKHYIO POWb CpeH 
MHOPOMCPHBIX 3aKoOH0B pacnpeeleHHaA. Kak H B OAHOMePHOM CJlydae, 
3AKOHY HOPMaJIbHOH KOppeAWMH NMpHOMMKeHHO NORMHAMOTCA TNO- 
rpewHocTH PpAa BaxKHeMWIMX CTATHCTHYeCKHX MOKaszaTeen NPW WO- 
cTATOUHO GOAbIUOM uNCe HaGmoeHH Mo cxeme Mpomecca (a). 

JipyMepHbIn HOPM@JIbHbIM 3aKOH pacmpeweveHHA BbIpamKaercs 


(popMy.10H: 
1 at eee X—Xy Y—Yo r| 
1 = 9 (1—7,2) G 3} o Jy 0 
9 (x, SS Ee é Sd my we y ; 
Qny 1—1r? FoxIoy 





(12. 3. 1) 
rae 9(X, y)—NOTHOCTh BEPOATHOCTH B TOUKE X, ¥. 
Kak BHAHO, ABYMepHblif HOPMAJIbHbIM 3aKOH pacnpefetenua onpe- 


WeIACTCA MATbIO WapAaMeTPaMH: Xo, Yo, Foxr Foys To: 
I]peo6pa30paHHe MepeMeHHBbIXx: 





t, = ~— “2 A y— 0. o(t,, tj) =x, V) SP oy (12. 3. 2) 
Sox Soy 
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IIPHBOAUT ypaBHeHHe HOpMaJIbHO KoppenauuA (12.3.1) K cTanAapT- 
HOMY BHAY 


1 
—~ 371 #2 472 —2¢ ¢ Po 
g(t, , a ae zariy Wath Maly 7 (12. 3. 3) 


Qn _ re 


rne 9 (¢,, t,) MAOTHOCTb BepOATHOCTH B TOUKE bats 





YpasHenue (12.3.1) B MekapToBOH cHcTeMe KOOpAMHaT u300pa- 
*KACTCH TAK Ha3bIBAeMOM HOPMAJIBHOH MOBEPXHOCTbIO paclpeeJeHHA. 





Puc. 66. HopManbHaa nNoBepxuocTh pacnpeweneHHa 


VUccnegopanve dopmyp (12.3.1) mo3Boser chenaTb cjlemyto- 
mHe BbIBOIHI: 

1. CeyeHut HOPMaJIbHOM MOBePXHOCTH pacnpemeeHHA MVJIOCKO- 
CTAMH, NapasWIeIbHbIMH KOOPAHHAaTHBIM MlocKkocTam (xO@) u (yOq), 
faioT HOPMAJIbHbIe KpMBble pacpeseeHuA. CreqoBaTebHO, ycJloB- 
Hble 3AKOHbI pacipeseleHHA MO MpH3HakKaM X HU Y ABJAIOTCH HOp- 
MQAbHbIMU, BesycsOPHble 3aKOHbI pacipeweleHua Mo xX HY Takxe 
ABJIAIOTCA HOPMA@JIbHbIMH. - _ _ 

2. YcnoBHbIe MaTeMaTHUCCKHe OMKHAAaHHA Voy H Xo, AVIA STHX 
34KOHOB PaCCUHTHIBAIOTCA MNO MOpMy1aM: 


ie Vy +o ~ (X= Xo) 
ea (12. 3. 4) 
Xo 


eee + ry (y — Yo) 
Soy 


CreloBaTeIbHO, JIMHHM perpeccuH y MO X H xX IO Y MIpAMBle. 
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2 2 
3. YCNOBHBIG QUCMEPCHH ay. H Oox.y PACCUMTHBAIOTCA 10 
POpMy1aM: 
2 2 2 
G a oe] l > Ko 
on = ( ) (12, 3. 5} 


2 2 
Sor. y == Jox (1 = ro) 


C.leM0BaTeJIbHO, YCJIOBHbIe WHCHepCHH y 10 X ux TO Y MOCTOAHHBI. 

4. CeyveHHA HOPMaJIbHOli NMoBepXHOCTH pacnpeyeneHHA maAOCKO- 
CTAMH, MapavWVIe@JIbHbIMH KOOPAMHAaTHOH NvlocKocTH xOy, O6pa3yiworT 
B MpOeKLHH Ha 3TY MJIOCKOCTb CeMeHCTBO KOHLGHTPHYeCKHX 9JVIMMICOB, 
BbIPaKAeMbIX VPaBHeHHeM: 


1 te : nes NA Xx x sear 9 c 
oe (° — a2 reg —2/t=*0 )(y%), | 2 (42. 3,6) 
1—r | 70% \ Joy Soy Say 


re ¥—TWapaMeTp 3WIHCa. OTH SVIHMChI HasblBaloTca Koppewa- 
I[MOHHBIMH. 

Ha KOHType KOPpCJIAWHOHHOTO 3IHMICa MJIOTHOCTh BeposTHOCTH 
MOCTOAHHA H paBHa 





¥? 
1 aos 


B KaxKOH TOUKe, HaXOMAWelcA BHYTPH 9IHMCa, MMOTHOCTD Be- 
POATHOCTH OobIle H B KaxKOM TOUKe, HaxosAuelicad BHe 3/HNCA, 


MVIOTHOCTb BeCPOATHOCTH Me€Hbille, 4eEM Ha KOHType. CyMMapHaa 
ey 
BEPOATHOCTb TO'NCK, JI@MKAaIMX BHYTPH 9dIMTca, papHa 1—e ? 3 
Ha30BeM €€ OCHOGHOU BEPOATHOCTbIO KOPPeMAUHOHHOrO aca u 
o603HauHM Yepes Q(x). CyMMapHas BepOATHOCTb TOUeK, JexKallux 
x 

BHe d/IEMICa, paBHa @ * ° 

C yBeuteHHem mapaMeTpa y, MIOTHOCTh BeposTHocTH @(x, y) 
Ha KOHType 93JVIMNCa yObIBaeT, a ero OCHOBHaA BeposnTHOcTh Q(x) — 
pacter. OcHoBHaa bBepositHocTths Q(x) KoppeaAuHOHHoro 9aanHTica 
OObUI€ CYMMAPHOH BePOATHOCTH TOYeK, JexKalldx BHYTpH smO06oOL 
Apyroll paBHOBeJINKOli QIuNCy Gurypbl KoppesAUHOHHOrO Novis. 
Hf uacdopot, mp 3axannofi CcyMMapHO BepOATHOCTH TOUeK HauH- 
MCHbIUaS MJIOWab OTTpaHHUMBacTCH KOHTYPOM KOppeJIAWHOHHOrO 
QIHTICA. OTH OCOGeHHCCTH MelaloT KOPPeAANMOHHDI dIHTIC yqob- 
HbIM JIA rpapuyeckoll xapakTepHCTHKH AByMepHoro pacnpesemenua, 
a TakK?Ke MOJe3HbIM MPH PeulcHHH pPAMa MpakTHYeCKHX 3aMay. 

KoppesISUHOHHbI QJIVINMIC Mpoule BCero CTPOHTb, Kora nepemMeH- 
HbIC BbIPaxKelibl B CTaHMaPTHSCBAaHHOM MacultTa6e. B 9ToM cayuae 
XTIHHC HaSbIBaeTCA CTANOAPTHELM KOPPeJIALHOHHBIM 9.11UmCcOM. Ero 
ypaBHeHnue: 





{8-45 —2t,t,r} =. (12. 3. 8) 
aot 
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B cTaHfapTH30BaHHOM MaculTa6e IeHTp d/MMCa HaxomuTcA B Ha- 
yale KOOpAHHAaT (f,=0,7,=0), ocH SuNCa HanpaBAeHb! BOB 
OHCCeKTpHC KOOPAHHATHBIX yrsioB: l-ro u 3-ro yraoB — MepBaa Ocb, 
2-ro Hw 4-ro — BTOpaa Ocb. 


Aauna neppok ocu d,=2yVY1+/7r); KoopaHnaTel ee KOHIOB: 


1+ rp l+frn 
Ala / y/ gt 


x 


A, (-q / ae esr og) 


é 





Tanna Btopoh ocu d,=2yV1—ry; koopauHaTH ee KOHUOB: 


l—_r l—r 
B a iE | Se 


ot TE Po. Ir, 
Ba| *V/ 9 ? y/ y ). 


IIpH ro >O neppaa och sBaReTcAH 601bUIOH OCbIO 2.1HIICA,. 
BTOpad — MawOH; MOKYCH 9HNCAa: : 


FuQV Ts Wr), F2(—W ies —xV7). 


[pu ry <0 nepsaa ocb apaaeTca Maqof OCbiO 3uvntIca, BTO- 
pad — Oo.1blIOH; POKYyCh 31MGCAa: 


F, (YV —1; —YV —r), fy (—xV =r; 4V —r). 


Ilo 9THM 9ACMEHTAM JErKO NOCTPONTh 9uauNc.— - 





Yem Oombue (rol, TeM CHJIbHee BbITAHYT CTaHMapTHBI saHNCc 
BUOb OOJbINOH OCH; MpH ro=O cTaHAapTHbIli sIMMCc MpeBpatmaerca 
B OKPYXKHOCTb panyca y. 


Pacuet noka3aTeneH HOPMaNbHOH KOppenAuMH NPHMeHHTeABHO 
K ONbITHbIM WAHHbIM 


TlokasaTeIM HOPMaJIbHOM KOpPpeIAUHMH paccuMTHIBaIOTCA MpHMe- 
HHT@JIbHO K ONBITHbIM JaHHbIM TiO Me€TOAy MOMeHTOB. Teoperuyeckne 
MOKA3aTeIH Xo, Oox, Yo: Soy, “9 B PACYETHbIX POPMYaX 3aMeHAIOTCH 
COOTBETCTBYIOUIMMH MOKa3aTeJIAMH OIMbITHOTO MaTepHasia. C ux no- 
MOLIbIO PaCCYHTbIBaIOTCA HOPMAJIbHaH MOBePXHOCTb pacnpeneseHun 
HW TCOPeTHYeECKHE YaCTOTbI MHTEPBaJIbHbIX KJICETOK KOPpeJIAUMOHHOTO 
NOJIA, @ TaKKE KOPPCJIAWHOHHbIe IJVIMMCHI. 
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TlokaxkeM XOJ, STHX paC¥eTOB Ha NPHMepe KOPPCJIAWHOHHOH 3a- 
BHCHMOCTH Mexy JBYMA MexaHM¥ecKHMU XapaKTepucTukamu 209 
miaBok ctatn 30XTCA — npenestom mpounocTH (og) H Mpefesom 
TeKyuecTH (O.). SHateHHA ZTHX XapaKTePHCTHK MO KaKAOH MlaBKe 
6bLIH MOJVYIeHbI Kak cpeAHHe apH@MeTHYeCKHEe H3 Pe3VIbTATOB HC- 
MbITAHHH ABYX OOpa3os. 

IIpHBoxHM TlOJle KOPpG@IAUHH MCKAY Og HW os,  NOCTpOecHHoe 
B CTaWapTH30BaHHOM MaculTaGe (pic. 67), H COOTBeETCTBYIOLLy10 
KOppeALHOHHY!O TaGsMUy (Tab. 62). 


























Ta6auya 62 
DX owes 106,210, 251142818, 25 12,25 126,28 90.25 134,25, H10r0 
127,75 | 1 ged 1 
122'75 
117,79 | 19 | 20 | 2 41 
112.75 1 | 96 | 31 8 66 
107,75 4} 21 | 2% | 3 54 
102,75 8 | 15 1 i 5 
97.75 1 5 9 8 
92,75| 2 | 2 : 
Wroro | 2 | 3 | 17 | 39 | 53 | 54 | 30 | 8 | 3 : 
fo 209 





[Ipexmae Bcero paccunTaem moKaszaTeH xX, 5,, Y, oy, r. IIpo- 


BelA pacCueTH MO KOPPe/IAMHOHHOH TaOanue, NOWY4HM: 
*== 119,40; o,=5,84; y= 110,83; 5, = 6,46; r = 0,882. 
YpaBHeHHaA perpeccHH y NO « H X HO ¥: 
Vy, == — 5,58 + 0,975.x, 
Xy == 31,07 + 0,797y. 
YcOBHbIe WucnepcuH y Mo xX H xX TO Yy: 
Oy, x= oy (1 —f. ) — 26; Oy, erate ,04, 
; £(1 — 72) =7,57; x.y = 2,75 
Oy, y== Ox (1 — 7?) = 7,57; oy. y = 2,70. 
Ha nove KOppeIfWHH HaHOCHM JIMHHM perpeccun. 
PaccunTaeM H NOCTPOMM CTaHapTHbIH KOPPeAMMOHHBIK 9-1IHIIC, 
ia wero: 


1. Bpi6upaem OCHOBHYIO BePOATHOCTh KOPPeJIAWHOHHOTO 9SJJIMTICa 
Q(y). Dra BepOATHOCTH MOXKET ObITb PUKCHPOBAHA Ha /11060M YPOBHE, 


RO 
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OnHaKO AA oOueH rpatbwyeckoH XapaKTepHCTHKH NOJIA pacceAHHA 
ee tlemecoo6pa3Ho MIpHHATb OmusKoH K 1. B Halllem NpHMepe MpH- 






















mem Q(x) =0,980. phen at 
Ke/Mn® 
36 999 
i a pueril 
SO OO aS, 
are TA Pa TT 
ae are 
on i at ee i ee ieee, IT 
(SRS Renee ee Coan 
ome A er eZ = 
ipseeey act as 2aue 
Eyl EEE A 
- TT tT Vi emIN TAT 
= 106 a es Lf ea ie ee ee 
“ot A ‘ene wee 
ot nD ane 
pe OW CePA ye 
wT et oe IP 
AA a Le 
geht ee 
oon 
ss BE at te 


100 102 106 106 108 110 12 116. 116 118 20 122 124 \126 128 130,132 136 136' xe/mm* 
-36 -26 “6 0 6 26 56 
Npeden npovHocmu 


Puc. 67. KoppeasyvoOuHblA Sa1HNC 


2. Tlo ocHoBHoH BeponTHocTH Q(x) HaxO2HM 3HaueHHe X NO 
dopmyne y= VY — 2in[|—Q(x)] wan, uTO Mpome, Nob3yAcb 
TaOanueh 2 npunonenua Il. [ia sToro mpoTHB 3HayeHHA 


@ (t) =x t= LW Haxonum t=—y. B Hamem c.lyuae 
V 2n 


a 10,980 __ 0,0080, y = ¢ = 2,80. 


y 6,284 


17 a. UY. Jlyxomcxutt . 257 


¢ (2) 
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3. Tak Kak r>0, To onpezernem monoxKenne KOHILOB 60.1b- 
WOH OcH Mo (opMyviam: 


Acdipe Jf cher a. es I+ 0,889. 
ey/ ; y/ ; | = 41 [2.80 / Peo 


2.80 \ ioe tal = A, (2,72; 2,72}: 


J 


ee es: ee, 
Alay ae ay / "| Aa (2072 — 2,72}. 


Onpeje.viaem KOOPAHHaATbl KOHILOB MQ@JIOH OCH. 
es. ee 
B ae aaa a foal —_ sir ay F 
Ley pi WKY "| = 8 (0,072; — 0672. 


fit otf dee Ly 
B, irae i vy) — B, {-—0,672: 0,672}. 
Tlonowenne dboxycos ga-1utca: 
FAV; V7} =F, (2,63; 2,63}, 


Fy\—7Vr; =I rji=F, {—2,63; — 2,63}. 


Io STHM aHHbIM Ha Mose KOppeaayMH cTpOHM aaunc 
(cM. pic. 6/). Jlerko tposepntp no YEpTeKY, TO AHHa B6o.Ib- 
WOH OCH 


d, = 274V1-- r=7,67 
H JHH@ MavIOH OCH 


d, = 2yV 1 — r= 1,92. 


4. Tloncunraem no vepTexy unco ToueK KOPpeJIAWHOHHOrO noua, 
OKa3aBUIMXCH 3a MpedewamMu aaunca. Ecnu uwacno tTakux ToueK 
MaiO OTNIMAeTCA OT TeopeTHYeCKH OMRHAAemMOoro yucwa n[l — Q(z)], 
TO STO CAYKHT MNOMTBEPAKACHHEM MpaBHJIbHOCTH TeOopeTHyecKHX pac- 
ucToB. B Haulem culyyae 3a MpeqeiamMu 20uMca OKa3alucD (pak- 
THYeCKH 4 TOUKH. TeopeTuyecKH oxHRaemMoe TO 3AKOHY HOPMa.JIbHOII 
KOPPeIAUHH YHCO TAaKHX TOUeK cocTaBAeT 209(1 — 0,980) =4,18. 
COoTEeTCcTEHe B 3TOM Culy¥ae MosHOe. Hexkotoppbie mpakTuyeckue mpn- 
‘OKCHHA KOPPCIAUHOHHOLO QIIMMCa yKa3aHb B § 3 ra. XIII. 

PaccunTaeM HOPMaJIbHYW NoBepXHocTp pacnpezejeHua nu Teope- 
THUCCKHE VACTOThI KOPPevIAWHOHHOH TaGvIHLUbl. 
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Ilyctb Tpe6yerTca paccuuTaTb TeOpeTHYeCKyiO YaCTOTy m7 WIA 
HHTCpBaIbHOH KJleTKH (x=114,25; y=107,75), roe x uy — KOOpAH- 
HaTbl WeHTpa KeTKH. Jia STOW neu: 


I. Beipaxkaem KOOpAMHaTbI WEHTPa KeTKH B SNe ee eseee 
MaciuTa6e 


ee, __ 114,25 — 119, 40. 
ft fe as = = Seis alee aera, Abb —_ 
: x 5,64 | MESS: 





i 107,75 — 110 - ! 
y By 6,46 "0, Ms 





tee oO rey a ON 6s epee me ee 2 


2. Buluncanem ?(x, y) no, dopmyue 


| i sa 

4° (X, y) = as (te + ty — 7 te 1,189, 
OTKY ja | 
x(x, y)=1,09. 


3. Tlo ta6.. 2 mputoxenna II, NOACTaBAA A: BMecTo 2 ‘3Ha? 
yeHHe xX, HAXOAUM 9(y) =0,2203. | | 1 : 


4. HaxoquM MMOTHOCTh BeposATHCCTH B TOUKE (t, = — 0,80 
f, = — 0,477): : | 


™~ 
See on kil 
ee RE 


25 yee . 











] 
? ts; t aS es 
( . y) V 2xy 1 —=—7 


O. HaxoaWM mpH6amxeHHylo wacTOTy KaAeTKH 10 Popmyure: 


| id . 
m,~o(t,, t)——n, = (12. 3, 9) 
| Soe 3 a 


Popmyaa (12.3.9) Tem TouHee, ueM MeHbUe i, H iy. 


B Haute cayuae 


m,=0, 136 8 209 = 20,6. 


@MaxtTuyeckan uactota K1eTKH — 21. 


Teopetwyeckne 4acTOTh! mM, CJyKaT WIA BbIPABHHBaHHA 9MOH- 
PHYeCKHX YACTOT KCPpeAUNCHUON TaOJAUWH, 
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IIpusonum tTa6sHuy TeOpeTHYeCKHX YaCTOT, SAMCHAIOWMX SMIIK- 
pHueckHe wacToTh! Tabu. 62. 






































\ Tab auua 62a 

a ae 102,25] 106,25} 110,25! 114,25] 118,25! 122,25 | 126,25 | 130,25] 134,25) 138,25) Mroro 
132,75 0,1 0,1 
127,75 0,1] 0,8} 1,1 | 0,2 2.2 
122,75 0.4| 4,3; 6,0! 1,1 11,8 
117,75 1,1} 18,3 | 18,7 | 3,2; 0,1 36,4 
112,75 0.2) 1,9/22,0} 32,0! 5,5] 90,1 61,7 
107,75 0.2! 1,7/20,6]29.9]} 5,2); 90,1 of .7 
102,75 0,9 | 10,6) 15.4] 2,7] 0,1 29,7 
97,75 0,21 3,0] 4,3; 0,8 8,3 
92,75 0,5|0,7) 0,1 1,3 
Hroro | 0 4 10,1 2 


7 | 8 16.9|38,7) 55.7| 51,0 | 28,7 | 


ho 
cc 
Ln) 
NO 
KR 
oS 
© 


Mopmysia (12.3.9) MoxkeT ObiTh HCNOb3OBaHa AIA TIPHOUKeH- 
HOrO pacueTa TeopeTH¥ecKOH uacTOTH! MOOoro MpsAMOYrOJIbHHKa Ha 
MIOCKOCTH xX, Y C MOCTATOUHO MAJIBIMH CTOPOHaMH, NapaJVeJIbHbIMH 
OCHM KOOPIMHAT; B 3TOM CJlyuae 7, H L, OOO3HAYAIOT ANMHEI CTOPOH, 
a (x,y) KOOPAMHATH WeHTpa MPAMOYFOJbHMKa, TaKHM o6pa30mM, 
tbopmysia (12.3.9) uMeeT UNTeEPNOAAYUOHNOE 3HALEHUE, 

Hanpumep, Haligem TeopeTHueckylo YacTOTy MpxAMOYrOJIbHHKa 
c ueHtpom B TouKe (120,0; 110,0) mu cTopoHamu, MapavlJlebHbIMH 
OCAM, MpHyeM 1, =2, ly = 3. 


, __ 120,0~119,40 __ 6 199 
* 5,84 saa 


_ 110,0 — 110,83 __ 19g 
6,46 


y2(x, y) = 2,265, y=1,505, 9 (x) = 09,1286, 
p(t,, £,) = 0,1089, 


2-3-209 
Ney <== 0,1089 5.84-6,46 = 3,01. 
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OR A NN ne RI ge RT I pte ore yr tees imag entire cae cee gee peta oe ~ ote 


[I AABA XIII 


CTATHCTHYECKHE NOKA3ATEJIN B MPOILECCE 
HAKONJIEHHA MATEPHAJIA 


§ 1. OTHOCHTEJIbBHAA YACTOTA B NPOMWECCE HAKOMNJIEHHSA 
MATEPHAJIA 


[lyctb B nmpouecce (a) MbI CIeqHM 3a MOABeHHeM coObITHA A, 
BCPpOATHOCTb KOTOPOrO PaBHa Po. OGOOMaIOULuM MoKa3aTelemM cTaTu- 
CTHMCCKOrO MaTepHaJla, Ha OCHOBE KOTOPOTO CYAAT O BePOATHOCTH Po, 
CJLY#KUT OTHOCHTeJIbHaA YACTOTAa NOABJIeCHHA COOBITHA B Nn HcMHbITa- 
MAX: 

m 
pa 
n 

YRC TOBOPHIOCb, YTO OTHOCHTEIbHbIe YACTOTHI KOMeGJIOTCH BO- 
KPyl BepOATHOCTH HM TeM TecHee K Heli MpHMbIKalOT, YeM GoubIIe 
uHCO HaOsozeHHh. IIpn nomowH mpasua teopun BeEPOATHOCTeH 
MOKHO MAaTeMaTHYeCKH OOOCHOBaTb HW YTOUHHTb 93TO MOJIOKeHHe. 
B To %C BpeMA MaTeMaTHYeCKad TeOpHa MosBomAeT ONPeeATh, 
KaKOBa BeCPOATHOCTb TeX HJIH HHbIX OTKJIOH@HHH UaCTOTBI KaKOro- 
HOO COObITHA OT efO BePOATHOCTH IPH 3a%aHHOM uncIe HaGJ0- 
JIeHuH. 

Hcxoyla 43 MocrosHHot BeEPOATHOCTH Po MOABIeCHHA co6nitua A 
H H€3aBHCHMOCTH HCIMbITaHHH, YeEM MaTemMaTUYeCKU xXapaKTepusyeTCA 
npoyecc HakonACHKUA (a), HM IDPH MOMOIMM MpaBiI cOKeHHA HM YMHC- 
*KeHHA BepoaTHocTen B § 3 raBbl XI Oba ycranoBena dopmyaa 
(11.3.9) 


Marland BeposTHocTb P(m) a6comwTHOl uacToTD! m nosBsenna 
coopTaa A Bn ucnbiTaHuax. 3amenaa B cbopmyste (11. 3. 9.) m 4e- 
pe3 NP, MONyUaeM ZaKOH PactpelelenHaA OTHOCHTeEbHOM YacTOTHI Pp 
B CJe€RYIOULeM BHe | : 
R n n 

| P (p) =Cn"P 9°90", (13. 1. 1) 
rhe g=1—p. 
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B uacTHOCTH, (IA UpnMepa Pe Po=0,2, n=6, 3akOH pacnpec- 
WCHHA Pp Hpercrapaen B crom6uax 1 u 2 Tabu. 63. 


Tubauya 63 


er 






































[paduk storo 3aKkona H306paxkell Ha pic. 56, rie mo ocil adciluce 
OTK /IaJLIBAIOTCA 3HaYeHHA p, TO OCH OpAMHaT — BeposTHOcTH P(p). 

M3 dopmyapt (11.3.9) Mo2kHO BbIBeCTH Cilemyoulie OCHOBHBIC 
MNOJIOMeHHA, 


p | =P pP P—Po (p—p.)' | (Pp - Pu)? P | 
9 | oar | 0 0,200! 0,40 | oor 
~~ 0, 1607 0,3932 0,0655 --0,0333 ; 0,0011 0,00043 
_ .0,3333 0, 2458 0.0819. 0,1333 0,0178 0, 00438 
“0, 5000 0,0819 0,0410 0,300 | 0 ,0900 0 ,00737 
“~=0, 6667 0,0154 ene 0,4667 | 0,2178 | —0,00335 
e -0, 8333 | 0, 0015 0,0912 | 0,6333 | 0,4011 0 ,O0060 
} 0,0001 0000 | 0,8000 ; 0,6400 0 ,00006 
Utoro | 1,0000 | 0, 2000 0 02667 





Teopema I (0 weHTpe KoueG1emMocTH P) 


CpeqHaAd apHdMerHyeckas H3 BCCX BOSMO?KHBIX 3HaYeCHHH P, B3Bo- 
LUCHHbIX MO CBOHM BePOATHOCTAM, COBMafaeT C Po, WH, Have, Ma- 
TeMaTHYeCKOe OAKNMLAHHe P PABHO Po 


M (p) = Po- (13. 1. 2) 


WokasaTeJbcTBo 


1 n 
1 mM n! man—m 
MOH LIP BS aan 
p=0 m=0 
ai (n—l)! 1y(n—1)—(m=1) 
n—\1): m—l,~(n—l)—(m—1) 
=Po »> SS a eee oe A q == 


(m—1)! (2 —1) = (m— 1] 


m—1=0 


= Pol Po+ 0)" =Po- 
262 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


IIpopepum tTeopemy I no gaHHpmm Ta61. 63. Beruncnenua pacno 


araem B cTom6ue 3 Ta6lHub. Mair BuguM, uTo Mp=YpP=0,2000 
uTO COBMAaMaeT CO 3HAYCHHEM Po, 


Teopema II (0 pa3Mepe kOue6nemocTH Pp) 


CpemuHee KBapaTHYecKOe OTKIOHeHHe BeIHYHHbI p, B3BeLeHHOe 


NO BePOATHOCTHM 3HAYCHHH p, OOpaTHO MpPONOpWHOHaIbHO KOPHIO 
KBalpaTHOMy H3 4HCa HaGwmoOeHHH n 


a a (13, 1.3) 


JLoKkasaTeJbCTBO 


v 


-y (p — po)? P(p) = S\ p’P (p) — 


p=0 . p=0 


1 1 1. 
—2 Sj ppoP(p) + Yi poP (p)= Yi PP (p) — 


p=0 p=0 p=90 


— 2p, y pP(p) - BY P(p)= ¥ p(y) — 


p=0 p~-0 p~-0 
—2p5+ p= ¥ pip (p) — 


p=0 


Ho 


i 


24 

ip py SLY ae 
ue (P) x ( n m!(n— m)! ro 

p= m= 











= ye pig + es 


pti oes 3a m n—-m 
m!(n — m)! 


ee | 
Nt=2 m= 1 
\ m—2=n—-2 ( 2 
na-— 2 i- —2 Kn—2)—-(m—2)] 
=--o-oO 0 OS TT 
7 2 Bese © a 
m—2=—(0 
1 - ! 
ee a, tee NL SRO CE aed e 
ca n mi({n— my)! Roe 
m=} 


mae 0 = 0 
= "= polo t guy? + 22 = A— ph + fe. 
n . «A a n 
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Cue HOBaTeIbHO, 


2 
Cp = Po 8 pp => = Poe 





n 


UTO H TPeOOBaOCh MOKa3aTb. 
ITpopepka 2TOrO COOTHOWICHHA JIA Hallero 4YCAOBOrO MpHMepa 
npoBpeyeva B cTONOuax 4—6 TaOHUBbI. 
Ilo sTHM MaHHbIM 
2 
Sop = 4 (p— p,)? P= 0,02667, 
uTO COBNaaeT c 


it 


Pofo __ — = (02667. 


Teopema III 
Pi|p—po|>e} +0 (13. 1.74) 


tiv 0 
BepoaTHOCTb OTKJOHEHHH P OT Po, MPeBOCXOAALIMX MO a6coumwrT- 
HOH BeJIHUHHe J1060e MaJloe MOJIOKUTebHOe YHCJIO &, MOKET GLITb 
ChewaHa CKOJIb YFTOXHO MaJIOH TIP nm AOCTATOYHO GOJIbIIOM. 








Teopema IV 
| | fe ite 
P(t, <?—P <t\> le 2 at (13. 1. 5) 
Son V2z, 
n- oo t; 
3aKOH pacnpeneneHin Bernunnn 2” Ip > co CTpemMuTcH 


or 
K CTaHapTHOMy HOPM@JIbHOMY 3aKOHY pacnpenevsenua. 
oka3aTeAbcTBa MOCeHUX ByX TeOpeM 4HTaTeIb Haliqer B Kyp- 
caX TeOPpHH BeposTHocTeH [17—23]. 

OcTaHOBHMCA Ha CMBICe 3THX TeOpeM. 

Teopema I mogrsepxxqaeT HCTOKOBaHHe BepOATHOCTH KaK 
UeHTpa, BOKpyr KOTOpOrO KOJeOJIIOTCH OTHOCHTe@JIDHbIe YacTOThI. Oua 
NOKa3bIBaeT, UTO ZTOT IeCHTP JLOKeH OMpeneATbca Tlo (chopmyyie 
cpelHeli APH@MeTHYECKOH, COOTBETCTBYIOIMM O6pa30M B3BeLIeCHHO!. 

Teopema II ycraHaBampaer 3aKOH, MO KOTOpOMy coKpailaertca 
CPpeHAA KBakpaTHuecKand OWIHOKA Oo, OTHOCHTeEbHOH YaCTOTHI MO 
Mepe YBeJIHYeHHA UNCa HaOMOZeHni Mo cxeMe mpouecca (a). 

Teopema III nogrsep2xqaeT HCTOMKOBaHHe BePpOATHOCTH Kak Mpe- 
hela, K KOTOPOMY CTPpeMHTCA OTHOCHTeAbHaA UacTOTa MO Mepe yse- 
JIMYeCHHA UNCIa HadiomeHHH. Ona packpblpaeT xapakTep mpemeb- 
Horo Mepexofla, KOTOPbIM CYLECTBEHHO OTH4AeTCAH OT MpewelbHOrO 
mepexofia, pacCMaTpHBaeMoro B Kypcax MaTeMaTHYeCKOorO aHaJH3a. 
B MaTeMaTH¥eCKOM aHaJIH3e NepeMeHHad BeIMYHHAa, CTpemaulaacs 
K TIpeqevly, IPHHHMaeT JA JuOOOro 3HaYeHUA APryMeHTA CTPoro ompe- 
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memeHHoe 3HaveHHe. B Haliiem xe CJlydae OTHOCHTe/IbHad YaCTOTa P 
QA MO60rO 3HaveHHA M HMeeT CTPOrO OlIpeseeHHy!o KPHByp pac: 
MpeseeHud BepOATHOCTeH, KOTOPaA C YBeJIHYeCHHEM 7 BCe Gowlee CTA- 
rHBpaeTcA K WeHTPy — BCPOATHOCTH Po. 

Teopema III moxer 6biTb 3anvcaHa cilefylouluM oOpa3om: 


Po = lim P, (13. 1. 6) 
Balto 


UTO YHTACTCA: BEPOATHOCTH Po ABJAETCA IPH nN, CTpeMsALeMCA K Oec- 
KOHeUHOCTH, MpedeNOM NO GBeEPOATHOCTU OTHOCHTEbHOK 4aCTOTHI P. 
Teopema III ycranopnena Sxosom Bepnyzan. 

Teopema IV o3HayaeT, 4TO KPHBaA pacnpeneeHua NOKasaTelA P 
C yBeJIHYeHHeM fn BCce 6ovlee COIMKAeTCH C HOPMAJIbHbIMH KPHBbIMH 
pacnpemesieHvA, HMeIOWHMH (MKCHPOBaHHbIM WeHTP Po HW NepemeH- 
HY!O JHCMepcHto %p= Po ( may CneqopaTeibHo, pacueThl BeposTHO- 
cTeil yKJIOHeHHH OTHOCHTeIbHOM YaCTOTbI P OT BEPOATHOCTH Po MO2K- 
HO MpOW3BORHTb Ip OoubIUMX n, NOMb3ysAcb TaOTMUaMH PYHKUHH 
@(t) HOpMabHOrO 3akOHa paciipeweueHHa. Ito ObcCTOATeAbCTBO 
3HAYHTeIbHO OGserdaeT pacueTbI Norpeulnoctel. HeoOxozuMoe AA 
3TOrO YHCAO NM 3aBMCHT OT HCXOAHOH BePOATHOCTH Po. Uem OIMKe Po 
Kk 0 miu K 1, TeM 6OubIe ROJXKHO ObITh NM WIA DOCTHKECHHA 3aMaH- | 
HOM TOUHOCTH pacueTOB TIpH 3aMeHe OMHOMHAIbHOTO 3aKOHa paciipe- 
leeHHA HOPMaJIbHbIM. Teopema IV ycraHopjeHa Myappom u Jian- 
J1acOM. 


§ 2. OMEHKA MNOPPEWHOCTEA OTHOCHTEJIbBHOH YACTOTbI 


OrKoHenve p — Po Ha3blBaeTCA MOrpelllHOcTDIo HM OMOKOHK OT- 
HOCHTe/IbHOM uacToTHl. Uem Ooubile BeHYHHa WFONYCKaeMBIX Norpell- 
HocTeH, TeM MeHbilile TOUHOCTb onbiTa. McuepmpiBaiollylo XapakTepH- 
CTHKY BO3MOMKHBIX MOrpeliHocTeH MaeT 3aKOH paciipeqeleHHA Pp. 
Onuako AJIAd MpakTuyeckux wesei OGbINHO HCIOJIb3yeTcA Somee KOH- 
KpeTHaA, XOTH H MeHee OOUlad, XApaKTePMCTHKA MOrpeuIHOCTH — Tak 
HASbIBaeMbIM UNTepGAA pacceAHuA NoOKaszaTesA P, rap aHTHpoBaHHbll 
c onpeneteHHol GmusKoii K | BeposTHOCTHIO (PKC. 68). 

Vinteppaiom pacceaHva NokasaTea p Ha30BeM MHTePBas, KOTO- 
phIit cozepxKuT HanGomee OusKHe K Po 3HAYeHHA P HB KOTOPOM 3Ha- 
ueHHe p OMKHMaeTcA c 3aMaHHOH Omn3KoH K | BepoxATHOCTHIO. Co- 
rjlacHo Teopeme IV 3ToT HHTepBadl NpH OOMbIUMX N MOJOKEH pacno- 
NaraTbCA CHMMETPHUHO OTHOCHTeJIbHO TOUKH Po. 

BeluyHHa HHTepBaia paccesHua 2A, 3aBHCHT OT BeEpOATHOCTH P 
C KOTOpoli rapaHTHpyeTca HaxomwKMeHHe NoKasaTea p B MHTepBaJe 
paccesHHa; em OuHmxKe P kK |, Tem 6Oulbple HHTepBad paccesHHA 
(pH HeH3MeHHOM TOUHOCTH OMBITA). 

P was3prpaetca 2apantutinoti eepoaTHocrToto. TouHocTb OTIbiTa 
ompemersetch ABYMA TapaMeTpaMH: HHTepBaJIOM pacceHHHA 2A, Hu 
rapaHTHiHow BepoATHOCTDbIO P: 


T =T(2A,, P). ” 
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TouHOCcTb OMbITa TeM BIC, eM Goble rapaHTHHHaad BepOATHOCTh 
NP TOM Ke HHTepBaite PaccCAHU HIM eM MeHbIle HHTepBas pac- 
CeAHHA MPH TOH 2ke rapaHTHMHOM BeposTHocTH. 

Dapantulivad BeposTHoctTbh cBa3aHa c HHTCPBaJIOM PacceaAHHA Cco- 
OTHOWCHHEM, BbITCKAIOILHM H3 TeOpeM MpexbILyulero nmaparpata. 
BremeM Tak HWasbipaemblit eapanrutineti Koappuyuenr t, KOTODDIIt 





<a We L/P. 
~ 7A : 


MWOKA3bIBACT, CKOJIBKO pas CpeRHaAA KBawpaTHoecKkan oluuHOKa moKa- 
SAaTCJIA p YKaTbIBaeTcCH B NOAOBHHe HHTeDBaJla PacceAHHA 


A 
t——*, (13, 2. 1) 
Gp 
Tora cormacHo Teopeme IV 
P= @ (f) (13. 2. 2) 


pl OOJIbIIHX fl. 


Ho o, ompezeasetca mo cbopmyue (13. 1. 3) 


—— 


PMP) 


a 
Op 
f i 


OTKYAa BUAHO, UTO NDH yBelHucnin n ¢ yBemMunBacTCA H, cnenoBa- 
TeMDHO, PACTeT TapallTHHHaA BePOATHOCTR MPH 3aaHHom HHTepBae 
paccenimin. HM, naoOopot, saqasaa rapantulinyio Bepostuocth P(t), 
TEM CaMBIM MUKcCHpyem ¢, a H3 CooTHOMTeHUA (13. 2. 1) BuO, 4TO 
HHTepBad pacceaHHA 2A, C yBeANYeHHeM N OMKCH Mp 3TOM COKpa- 
IWATbCA. CeCOBATeIbHO, TOUHOCTb ombira onpeszedaerca, Bp KOHeU- 
HOM CueTe, UMCIOM HaOsHonennit n. Yeenuyenue uncia va6sonennit 
NOBLUMACT TOYNOCTb ONbITAa, NPHYEM STO NOBHILICHHE TOUHOCTH MOKeT 
HMpOsNBIATbCA KAK B COKPalleHHH HHTepBaia paccesliHA, TAK H B T0- 
BbIMCNHH TapaHTHHHOH BeposTHOCTH. OG6bIMHO MpH ycTaHoBwieHun 
HapaMeTpOB TOYHOCTH OMbITa rapaHTHHHY!O BeEPOATHOCTh PUKCHPYHWT 
ita HCKOTOPOM MIPHIIATOM B TaKHX CJlyyaaxX ypoBHe, 6.1H3KOM kK I, I, 
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IICXOA1 H3 3TOFO YPOBHA, ONPeseAIOT BeIHYMHY HHTepBasa pacces- 


IIA TO (bopMyJie 
| 2a, = oy / PLP (13. 2. 3) 


B KauyecTBe YpOBHA TapaHTHHHOH BepOATHOCTH MpPHHHMAIOT uaLte 
Bcero OHO H3 cyemyromHx nce: 0,9973; 0,999; 0,990; 0,950. 
Mpumep 1. Bpocaetca 400 pa3 Moneta. OnpegeHTbh HHTepBan 


PaCCe€AHHHA OTHOCHTeNbHOH YACTOTbI BbINaweHHA «repOa» Mpu rapaH- 
THu P=0,9973. 


Pemenue. P= @(t)=0,9973, otkyaa No Ta6nmMnaM byHK- 





wun M(t) f=3 
Bennunha HHT€pBaJla PpaCCeAHHA MOKA3ZaTesA P COCTABJIACT 
Bees 
20, = 26) / BOP. —2.3)/ 2 2 =015. 
n 400 


CenopaTeIbHOo, C BepoOxATHOCTbIO 0,9973 MOxKHO rapaHTHpoBatTD, 
uTO Pp OKaKeTCA B Mpemeax OT Po —A, WO PotA,, T. &. OT 0,500 — 
-——-0,075=0,425 no 0,500 + 0,075 =0 575. A, cleqoBaTebHo, a6co.wT- 
HOC UNCIO BbIManeHHul «rep6a» c TOH Ke BEPOATHOCTbIO OKHAAeTcA 
B nupenetax oT 0,425-400=170 no 0,575-400=230. 

MBI HCMOJb30BaIH 3eCcb POpMy.y 


P{pPo- toy, < re i S Po ae toy,) = =P (tf), (13. 2. 4) 


mea 
re spa y/ ) 


KOTOpad ycTaHoBJieHa (teopema IV) mp yc.lIOBHH, 4TO Po PuKcH- 
PpOBaHO, a P ABJIACTCH HEH3BECTHOH CJIyYaHHOH MepeMeHHOH BeJIH- 
UMHOH. 

B 6ombulHHcTBe ClyyaeB Ha MWpakTHKe HUMeeT MecTO OOpaTHar 
MNocTaHoBKa Bompoca: Mo MOJyYeHHOMY B OMbITe 3HayeHHIO p Tpe- 
6yercd yKa3aTb Mpefebl, B KOTOPbIX BO3MOXKHO OKUMATb Po. Cyule- 
CTBYeT IIpaBHJO, COMfacHO KOTOpOMy WIA OOpa30BaHuA. MOMOOHBIX 
NPeAeOB UCMOIb3yeTCH MPH GOUbINMX 3HAYCHHAX UP, He CJIMIMKOM 
6.1u3KOM K O nau 1, dopmyvia 


cod | ae aay <po<ptty/ RP, (13. 2.5) 
il 


rie / BbIOHpaeTCA B COOTBETCTBHM C MPHHATOH rapaHTHen. 


Hmelotca pasiWuHble TOUKH 3peHHA TO BOTIpocy oO cnoco6ax o6oc- 
HOBaHHA 9TOrO TipaBuwia. He HMesA 3,eCb BO3MOMKHOCTH OCTAHABJIH- 
BATbCH Ha 9TOM BOTIPOCe, OTCbIIAaeM UHTATeIA K COOTBETCTBYIOUeH 
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juTepatype'. PaccMoTpuM, KaK MpHMeHAeTCA STO MpaBHsO K KOH- 
KPeTHBIM 3afayuamM, 


He3zaBHcHMo oT cnoco6a HCTOJIKOBaHHSA opMy.bI (13.2.5), Be- 
auunHa 2A’, =2¢ | get D ABJIACTCA B H3BECTHOM CMBICJIe MpH- 
n 


OJIMKeCHHOH BeHYHHOH WHTepBaa pacceAHNa noKa3aTesaA p TpH 
rapaHTHHHOH BeposTHocTH P=@(t). Dro TepMunosoruest MOJIb3y - 
€MCA B JlaJIbHeHIUeM. 

Npumep 2. Jia BbiacHeHua fomm nedeKTHEIX u3neNnH B napTun 
ObWIO B3ATO Ha BbIGOpKy [Npoueccom (a)] 225 yeravell. Cpenu Hux 
OKa3alocb 45 feTaneH medpekTHbIX. Onpegxenutb rpaHUlbl, B KOTO- 
PbIX OKUMAeTCH HeH3BeCTHaA OA Opaka B NapTHu Np rapanTuit- 
HOH BepostHoctu 0,9973. 


Pemenue. ®(t) =0,9973, cnenopatenbuo, t=3. Ornocutenbuas 
. 4 
uacTOTa MeeKTHBIX H3NeHH B BbIOOpKe p= a =0,20. Beanunna 


MOJIA paccesHuA (NpH61HxKeHHO) 


oh Ga ee 0 16: 
225 


CuenopaterbHo, 0,20 —0,08 < p, <0,20-+0,C8 uan 
0,12 <p, < 0,28 npn rapantau 0,9973. 


OHH H3 OCHOBHbIX BOTMIpOCcoB, KOTOPbIit BOSHUKaeT Mpu npoBere- 
HMM JuOOOrO SKCMepUMeHTaJIbHOrO MCCAeROBaHHA WH MO6OrO UCCJeNO- 
BaHHA, OMMpatolleroCh Ha CTATHCTHYeCKHH AaHaJIH3 OMbITHBIX jlaH- 
HbIX, —~ 3TO BOMpoc O YHCe HaOMOMeHHH, KOTOpble HeEOOXOHMO MIpo- 
H3BeCTH JIA MOJYYCHHA HaeKHbIX BLIBOAOB H3 MaTepHasia. Oue- 
BHIHO, 4TO OTBET 34BHCHT OT TOTO, C KaKOH TOUHOCTbIO HeEOOXOTHMO 
MOJIYYHTb XapaKTePHCTHKA MaTepHaia. 

Ecaim HHTepecylouleH Hac XapaKTePHCTHKOM ABNACTCA BEPOATHOCTh 
KaKOro-IHOO COObITHA B Mpomecce (a), TO 3amaua pellaerca cemyto- 
LHM OOpa30M. SaaeTca TOUHOCTH, C KOTOPOH Tpebyerca OnpeeHTh 
BePOATHOCThb Po, T. €. 34aeTCA HHTeEPBaJl paCCeHHHA OTHOCHTEJIDHOH 
uacTOTh! 2A, Mw rapaHTulinaa BepostHocTth P~ @(t), 


M3 dopmyubl Am ty / eb onpefzemneM HeEOOXOTHMOEe 7 
it 


n= Po Po) (13. 2. 6) 
ai 
t 


1A. H. Koamoropos, «Hs3pectna Akagemun nwayK CCCP» Ne 1—2, cep 
MaT., 6, 1942, erp. 3—32. 


C. H. Bepuywtetu, «Hapectuns Axanemun nayK CCCP», cep. mar., 5. 
1941, crp. 85—94, a Take [7] ra. 34 w [17] ra. 11. 
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B npasoi uacta dopmysnt (13. 2.6) rapantaiupml kosppuuuent f 
ompemenaetca mo Ta6nnue d@yHkunu P(t) HCxXONA M3 3aaHHOM [a- 
paHTuivol BepostHoctu P. HeuspecTHoe Po MOxKeT OBITb OleHeHO 
OPHEHTHPOBOYHO MO AaHHbIM MpeABapHTeJIbHbIXx HCCJIeHOBaHHH. S7ecb 
paspellaetca BecbMa rpy6aa crTeneHb NpHO/IMKeHHA, TAK Kak Hac 
OOLINHO HHTepecyeT OPHEHTHPOBOUHO JIKIIb MOPAMOK BeVIHUHHBI 2. 


Ipumep 3. Tpe6yerca HaliTH 4HCO HCMbITAaHHH MpoleccoM (a), 
HeOOXOMMMOe JWIA OMPeAeJIeHHA BEPOATHOCTH NMOABJIEHHA OlpeeseH- 
Horo fedekta, c TouHOcTbIO 2A,=0,06, P=0,990, ecm opHeHTupo- 
BOUHO 3Ta BePOATHOCTh HaxoguTca Ha ypoBHe 0,10—0,20. 


Pemeune. V3 Px @(t)=0,990 HaxonumM no TaOsuIaM 
t=2,58. p, ava dopmyun (13. 2. 6) opHeHTHPOBOYHO NpHHHMaeM 


panna 210-+9.2. _ o.15 


Tlogctapiaa B (popmyvly (13.2.6), HaxoqMM 


1 =z 02 15-0,85 962 = 1000. 
0,08)? 
cal 


§ 3. CPERHAA APH®METHYECKAA HW CPEQHEE KBAXPATHYECKOE 
OTKJIOHEHHE B MPOLECCE HAKOMJIEHHA MATEPHAJIA 


Mpl mo3HaKOMHJIMCh C 3aKOHOMEPHOCTAMH TIOBeAeHHA OTHOCH- 
T@IbHOM YACTOTHI pH HAKOMMeHHH MaTepHasa Mo cxeme mpouecca (a) 
H BHIACHWIM, KaK 9TH 3AKOHOMePHOCTH HCNOMb3YIOTCH AVIA OWCHKH 
TOUHOCTH Onbita. AHaJIOrH4uHble 3AKOHOMEePHOCTH HMEIOT MECTO H JIA 
WPyruxX CTaTHCTHYeCKHX NoKasaTeseH. PaccMOTpHM 3TH 3aKOHOMEP- 
HOCTH JWI OCHOBHBIX XapaKTepHCTHK pacnpesemeHuA — cpeqHelt 
apndMerHyueckoH H CpegHero KBaspaTH4eckOro OTKJOHEHHA — H D/A 
noKa3aTesei Koppelaunn (B Clezyroulem naparpade). 

Ilyctb HCMbITaHHA MpH3Haka xX MpOH3BOAATCA MpomleccoM (a). 
Sto 3HauuT, UTO 3aKOH pacmpefeseHHA X OCTaeTCA HeM3MeCHHBIM OT 
HCMbITAHHA K HCIbITAaHHIO H He 3aBHCHT OT pe3yJIbTaTOB ye NPOU3- 
BeNeHHBIX HCnbITanHH. Mcnbitanva OObluHO TIpOH3BOAATCA WIA 
BbIACHCHHUA TeX Win HHBIX HeMOCTAaIOWIMxX HaM OCOOeHHOCTeH 3a- 
KOHa pacnipesevieHua x, B YACTHOCTH, AJA OWeHKH CpefHero 3HaHe- 


HHA Xo H CpeAHero KBafwpaTHuecKOTO OTKJIOHCHHA Oo S9TOTO 3aKOHa. 


O6o3sHauHM epe3 x), X2,...%, B03MOICHbIE pesybTAaTHI 1-ro, 
2-ro, ... M-rO HCMbITaHHA. DTH Pesy/bTAThl MOXKHO PaCCMaTPHBATb Kak 
He3aBHCAline Apyr OT Apyra cnyyaiiHble BeEMYHAbI (MpH3sHakH), NOy- 
YMHEHHbIe OMHOMY HM TOMY Ke 3aKOHy paciipeevieHHaA. _ 

Jima oWeHKM MO JaHHbIM OMbITa He€H3BECTHbIX XaPAKTEPHCTHK Xo 
H Oo NOMb3YeEMCA COOTBETCTBYIONIMMH MOKa3aTeAMM CTATHCTHYC- 
CKOrO MaTepHaJla, paCCYHTaHHbIMH Mo pesy/IbTaTaM MCIIbITaHHH: 
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ee Ath Mat tty 





it 





go | J Mei a4)h + by m4)" t (eg — x 
; ae 


it 


Iloxa3ateiwW xX Hoo aBvIatorca (PYHKUMAIMA CayualiHbIxX Bean 
X yy Nay. Ny 


IT =f (X1, X2y..X,) 


rae /T — o603Haveline cTaTHCTHYeCKOrO NOKa3ZaTeNLS. CrenopaTerbyo, 
IT caMo sBaseTca B mpouecce (a) clyualinon Bermmusnoli, nojquunsw- 
UeHCH ONpPeAICHHOMY 3aKOHy pacnpeneeHia. Sakoub! pacnpesese- 
HHA x HO, W3yyacMble McCTOAAMU TeopuH BeposTHocTe;l, HCNOJIb3y- 
fOTCH MPH OWCUKC BOZMOAHBIX TOPpPCHIHOCTeH STUX NOKAa3aTecil, T. e. 
OTKIOHCHHH X H GO OT Xp I Go. OcHoBHoe 3HaueHHe HMeer yCTaHos- 
JICHHbI TeopHell ast, UTO 3aKOHbI pacripemetenua BaxKuellMHx cta- 
THCTIMCCKHX MOKA3aTCleH (B TOM UHCe BCex MoKasaTenel, ayre- 
OpawUCCKH PbIPAKAalOUXCH Yepes MOMECHTHI) Tpit GOJbIOM unNevie 
NaOsozenuil TO CxXeMe Mponecca (uv) G6N3KH K HOPM@JIbHbIM 3aKO- 
HaM. CJl@QOBaTeIbHO, MPH S3HaYHTeAbHOM KOJINUeCTBe Hab6sIOLe- 
Hill MOXKHO PaCCMaTPHBATb 3aKOHBI pacnpesedenna sTHX MoOKagate- 
JI@H KaK HOPMAJIbHbIe HH MOIb30BATbCA JWI pacueta MorpelHocteil 
TaOMUaMH yHkuNn (tf). Tip Masiom uucae Ha6sonennt (Tak 
Ha3bIBaeMad OOACTb KMaVIbIX BLIOOPOK») AVIA OleHKi MOrpemmnmocteti 
NPHXOAHTCH HMCTb We1O C TOYHDIMH 3aKOHaMH pacripeeienun cTa- 
THCTHYCCKHX XapaKTCPHCTHK, OTJMYAIOWNMHCA OT HOPMaJIbHOTO 3a- 
KOHAa., ONHaKO OO1aCTb «MaJIbIX BbIOOPOK» sBAAeTCAH BeCbMa cneuU- 
(buueCKOH KaK C TOUKH 3peHIIA TEOPHH, TAK HC TOUKH 3PeCHHA Kpyra 
MpUOKCHHH H B WaHHOH paOoTe He paccmMaTpuBaetca (0 MadIbIX 
BbIOOpKaXx cM., HanpuMep, [6], [7], [11], [12]): 


yah Mee ben 
it 


Mtrak, nyctb x=- » TR? Xy, Xo,...X,— 
H@3aBHCHMble CéLYUaHHble BCJITUHHbI, MOJUNHeHHbIe OAHOMY H TOMY 
Ke 3aKOHy PacnpelCIeCHHA CO CpesicH Xo H CpeMHHM KBaspaTHue- 
CKHM OTKIOHCHIIEM Oo. OOo3sHaunM uepe3 M(x) uw ope coorBeTcTBeH- 
HO MaTe€MaTHYCCKOe OMRUAHHe WH CpesIHee KBALPAaTHUeCKOe OTKOHEHHE 


JWIsl 3AKONA PacNpeeeHHA xX. 
3aKkOU pacnpeseteuua cpeaneli apudmMeruyeckoli XapaKkTepu3yertca 
CJICMYIOLHMH TeOopeMaMH. | 
Teopema [ (o weHTpe Kome6memocTH x) 


M (x) = x. [13.35 1) 
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Teopema II (o pasmepe KOJIeOJ1IEMOCTH) 





oy = — (13. 3. 2) 
Vn | 

Teopema II] 
lim x = Xp, (13. 3. 3) 


Teopema IV. 


SaKkoH pacnpeyeenua x acumntotuuecku HOpMavieH }, 

IloscHuM BKpaTile CMbIC. 3THX TeopeM. 

Teopema I yrsepxmaet, uTo I€HTp, BOKPyr kKoToporo Kowme6- 
Weed x, COBNAaMaeT C WeHTPOM KovIeO6emMocTH x. CreqoRaTembHO, 
NPHHHMaA X 3a MpPHOJIMKeHHYIO OLeCHKy Xo, He Melaem pH 3TOM 
CUCTEMATUYECKOU NOepeulHocTu. 

Ilo reopeme II cpegunii PasMep CAYYaUHOLX NorpelinoctTel moKa- 
3aTeA X, T. €. CAYYAMHBIX OTKJIOHEHHH Xx OT Xo, IIPAMO MmponmopuHo- 
HaJleH CpeHeH MOPpewlHOCTH MHAMBUAYaJIbHbIX 3HaYeHHit x Hu OO- 
PaTHO NPONOPUHOHaJIeH KOPHIO KBaypaTHOMY U3 YnCIa HabwOneHHT. 


Teopema III yrsepxgaetT, uo moKa3atenb x Cc yBelHuelluem n 


CTPCMHTCA K Xo KaK K CBOeMy Mpegesy mo Bepostuoctu. Crenopa- 
TEIbHO, MPH HOCTaTOUHO OOMbIIOM 4HCe HaOsIOLeHHH BepoATHOCTS 


OTKJIOHCHHH X OT Xo, MPeBbIWAaIOUHX No abcouOTHOH BerHUMHe s10- 
Ooe Majloe MOOKuTebHOe YCIO €, MOKeT ObITh ChelaHa CKOVIb 
yYrOAHO MaJon. 

Jlia o6ulero cayyas, Kora B3aHMHO H€3aBHCHMble BeJIMUHHDI 
*1, X2,... MOAYMHEHbI Pa3JIMYHbIM 3aKOHaM paclipememenua, HMetO- 


UHM KOHeYHBIe AMCNepcHH 9; , 999, ..., He MpeBOCXOAAMIHe OHOFO 
H TOrO Ke NOCTOAHHOTO yuca C, Teopema III Ghia ycTaHoBseHa 
IT. JI. Ue6nunessim. B yactHom CJIyudae, KOTOPbIH 3,eCb paccMaTpH- 
BaeTcA, KOFa x1, X2,... MOMYHHEHbI OAHOMY HM TOMY Ke 3aKOHY pac- 
mpeqemenus, A. 3. XHYHYHH NOKa3aJ, YTO WIA CHpaBeJIMBOCTH TeO- 


Pe€MbI AOCTATOYHO JIHLUIb CYINCCTBOBAHHE KOHEYHOTO Xp. 


Ilo reopeme IV x otHocutca K uucry mokasaTeseu, HMeIOULuXxX 
MpH OO/bUIOM f 3aKOH pacnpexeneHua, Onu3KHi K HOPMaJIbHOMY 


(KaKOB Obl HH OBI HCXONHBI 3aKOH paclipeleeHuaA x, HMeIOLIMH 


KOHCUHBIC Xo H Oo). CeqOBaTeIbHO, 3aKOH pacnpemereHua x Tpak- 
THYCCKH MPH AOCTATOUHO OOJIBWOM UnCIe HaGwOReHHA MOMHOCTbWO 


ONPeHeJIHeTCH 3HAYCHHAMH MaPpaMeTPOB Xo, Oo H YHCJIOM XN. 


1 Pacnpegenenve nokasatena /7 na3bipaetca aCHMIITOTHYeCKH HOPM@JIbHbIM, 
f1— M(/1) 
___~ CTpeMHTCH NpH n+oo kK 
or 
CTaHapTHOMY HOPM@/JIbHOMY 3aKOHY pacnpenenenna. B Teopeme IV § 1 oprTolt 
MaBbl VTBepKLalach ACHMNTOTHYeCKad HOPMAJbHOCTh pacnpexeneHum OTHOCH- 
TEMbHOR YaCTOTH Pp. 





CCJIH 3aKOH pacnpenevieHHA BeJHUHHBI 
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B o6ulem cilyyae, KOrgqa B3aMMHO He3aBHCHMble BesHUHHBI 4%), 
Xo, ... MOAYHHEHLI pasJIMYHbIM 3aKOHaM pacipeseenus, Teopema IV 
B BeCbMa OOILMX YCOBHAX Oblia BrepBble ycranoBeHa A. M. JIa- 
MNyHoBLiM. Jia paccMaTpHeaemoro 3fecb YacTHOrO C/lyyaH, Kora 
X1, Xo,.. MOAYHHEHBI OAHOMY H TOMY Ke 3aKOHy PpacpeeJenHa, 
Jluuge6eprom u I]. Jlepn 6piio MoKa3aHo, YTO WIA CipaBeVIMBOCTH 


TCOPCMbI JOCTATOYHO JIMMb CYLIECTBOBaHHe KOHEYHBIX Xo H Oo. 

Bo3sMoxKHble MOorpeliHoOcTH MoKa3aTea o (OTKOHEHHA O OT 900) 
XAPaKTePH3yIOTCA 3AKOHOM paclipedeseHHA Oo, AIA KOTOPOrO UMMeCIOT 
MecTO C/lelylollue Teopempl (Yepes M(o) Hu on, OOO3HaNeHBI Cped- 
HA apHtpMeTH4ecKad MH CpesHee KBafpaTHyeckoOe OTKJOHeEHHe MIA 
3akOHa Pacipe/evieHHA oO). 


Teopema I (o weHTpe KOe6nemMocTH) 





M (s) = b 30, (13. 3. 4) 
rye 
r ( eee 
be ea eee (13. 3. 5) 
r (" l n 4n 
2 


(roe [ — ramma-®yhKuHA). 
Teopema II (o pa3mepe komeO.1emoctTn) 


So 
6, = —. (13. 3. 6) 
- y 2n 
Teopempt I u II cnpapeqiuebl B MpeqmoomwKeHuu, ITO NepeMeH- 
Had X MOJYMHAeTCA HOpMaJIbHOMy 3aKOHy pacnpefeseHua, Ecau 3To 
yelopHe He coOmogaetca, To PopMyspt (13.3.4) 4 (13.3.6) He- 
TOUHEI. 





Teopema III 
limo = 9. (13. 3. 7) 


Bo n+ 
Teopema IV 


3aKOH pacpefesenia Oo ACHMMTOTHYCCKH HOPMAJICH. 
Cmpica. Teopem II, III, IV snowHe avasornueH COMep Kano CO- 


OTBETCTBYIOWMHX TCOPeM, XapaKTePH3YIOUIUX 3aKOH PaclipeMeeHuA x 
HH 3aKOH pacipeseueHHaA Pp. 

OcraHopumecsd Ha Teopeme I, uMerlouleH HeKOTOpble MPHHUMNHab- 
HbIe OCOBeCHHOCTH. Ona O3Ha4uaeT, YTO LeEHTp, BOKpyr KoTOporoO Ko.1e6- 
jleTca GO, He COBMaAaeT C Oo, a HECKOJIDKO MCHbIle NOCeAHETO (Tak 
KaK MHOMKUTeNb Ob, MeHbule 1). CreqoBaTeIbHO, OWCHHBAA Oo NO O, 
MbI JOMyCKaeM CHCTeMaTHYeCKOe MpeYMeHbILICHHe BeMMHHBI Oo. 
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Pasnoctb M(o) —oo Ha3biBaeTCA cucTemaTudecKol no2peu- 
HOCTOIO WIM CMelleHHeM BevIMUHHbI oO. ITO Cmewenue UCNpaBAReTCA 
TeM, 4TO NMOKasaTesb oO, MOJYICHHBIA MO JaHHbIM OMbITa, AeIAT Ha 
yucaio 6,. TloamyaenHoe 3HayeHHe 


A 6 


g = (13. 3. 8) 


bn 


Ha3bIBaeTCA HECMELIEHHOW OUeHKOU Oo WJIH, HHAade, O-H, CKOPpeKTH- 
POBAHHOH Ha CHCTEMATHYeCKY!O TOPpellHOcTb. 
CyulecTByer ApyroH cnoco6 KOppeKTHpOBKH Oo, OCHOBaHHbI Ha 


yyeTe cmMemeHHa o2. Jleno B TOM, 4TO CpeqHee 3HaYeHHe Go? CBA3aHO 
C Oo* 3€BHCHMOCTDbIO 





M (0?) =3"— (13. 3. 9) 


KOTOpadA He TOJIbKO Tipoule, HO H YHHBepcasibHee, 4eM 3ABHCHMOCTb 
(13.3.4) Mexay cpeqHHM 3Ha4¥eHHeM OH Oo, TAK KaK OHA cipa- 
BeJJIMBa IIpH J1060M 3aKOHe pacmpenenenna xX. 

M3 (13.3.9) srrexaert cnenxyiomMh KOppeKTHB o? Ha CHCTeMa- 
THYeECKYIO MOPpelHOCTb 


A yr _ r\2 
ot = 2 - oF = (x —* . 


ta TEE (13. 3. 11) 
n—1 


6yeM Ha3bIBaTb KeaOpaTuuecku HeCmMewWeHHO OYeHKOW NoKa3za- 
TeJIA Oo. : 

PaccmoTpuM mpumep. Ilyctb B mpomecce (a) nOyIeHE culeny10- 
Wve Pe3yYJIbTaThl HCHbITaHHH x: 2, 5, 


(13.3. 10) 


i? 
i os ia a a 
4 ne 


= j/ BoE TGR h ees a er OTe = 
Ba a ee eee 


nlf See | ae 
_— SS ee Sa 


HecmellenHad OW@HKa MPH HOPM@JIbHOM pacnpemeviennu Xx: 


A 
ee a 1 
3 


|] —_—— 


4.4 
KpaqpaTHueckH HeCMelleHHad OWeHKa 


A “oO. mee 
o= VW 2 =V8 =1,73. 
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CuleqyeT 3aMeTHTb, 4TO KOppekTHpoBKa o Ha CHCTEMaTHYeCKyIO 
NOPpPelmHOCTh HM€eT MpakTHYeCKOe 3HAYeHHe JIMUIb IPH MaJIOM UnCHe 
HaOuonenui. IIpu ckouIbKo-Hu6yab 3HauuTebHOM 7n CMelUeHHe o 
HaCTOJIbKO HEBeEJIHKO, YTO KOPPeKTHPOBKa ABIACTCA H3JIHIUHeLL, 

Mb! ocTaHOBHAHCb Ha Bompocax KOPPCKTHPOBKH O JIHWIb MO MpHH- 
UHIIHa/IbHbIM COOOpaxKeHHAM, HO, KaK yBHAHM B CJIeXyIOUleM Mapa- 
rpade, CyulecTBylOT MOKaZaTeIH, WIA KOTOPBIX KOPPeKTHPOBKa Ha 
CHCTCMATHYCCKYIO TOrpeHIHOCTb HMeeT MpakTHuccKoe 3Ha¥ueHHe He 
TOJIbKO TIpH MaJIOM “hese HaOmoneHHit. 


Bennuina cayuyalibtx morpemnocrefi noxagateeli x uo Xapak- 
TCPHSYeTCA HHTCPBasloM PaccedHHA MaiHOrO NOKa3aTea, rapaHTH- 
POBAHHbIM C OMpeeJIeHHOH Ou3Kol K | BepostTHocTbiO, aHaorH4Ho 
CHYYalO OTHOCHTCIbHOH YACTOTHI, pasoOpanHHOMY B MpeALIAyUeM Ta- 
parpade. ° 

Jiid nNoKkasateda x BeIMUNHa HuTepBasa paccesHHa mpu Govib- 
WOM  OMpeselsetca mo dopmy.te 


2ts | 
2A—- =, 13. 3. 12) 
vo Vn ( 3 2) 
roe ¢ OnpememeTca H3 ypaBHenuaA 
P (t)=P, (13. 3. 13) 


P — 3aaHHoe, 61H3KOe K I[ 3HaUeHHE rapaHTHHHon Be pOxXT- 
HOCTH. 


EcJiM oo He M3BeECTHO, TO BeJIHUHHa HHTepBasa paccesHHa Ha- 
XOMMTCA NO NpHvOHKeHHOH dopMyzie 





2ts 
2A— = —< & 
yn 
Jima noKa3aTeia o BeMYHHa HHTeppana paccesnua mpuH G6oub- 
INOM HW HOPMAaJIbHOM 3aKOHE pacmpeweneHua x oMmpenensetca no 


cbopmy.vie 


(13. 3. 14) 





QA = a (13. 3. 15) 


re ¢-- KOPeHb ypaBHeHItst 
Di(t)=P (13. 3. 16) 
M NphO.1MKeHHO, B C.Tyyuae, Kora oy HEH3BECTHO, 


2ts 


2As me a (13. 3. 17) 
it 
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OlleHKa HeH3BeCTHBIX NMapaMeTPOB Xo W Oo UpH Gombulom n mpo- 
H3BOAHTCA NO MpaBHJy, W3IOXKeCHHOMY B MpeAbIAyuieM Naparpade, 
NIpH aHaJIOrHYHOM OWeHKe NapaMetTpa Po. 


lip rapanrun rm JWI Xo HMeeM 


x—t 








rae ee ar a (13. 3. 18) 


n von 


JLaa 6, 


ee eee (18.3. 19) 


V 2n V 2n 





o— 


Mpumep 1. Bai mpouspeyenbl pacuersi x HO 10 JaHHEIM 290 
HCHbITaHHA yapHow BaskocTu cTamu 30XICA. x=6,35, o=1,4. Tpe- 
OyeTcA yKa3aTb Mpeebl, B KOTOPbIX OMKHAAlOTCA TeopeTuyecKKe 
3HAaUeCHHA Xo UH Oo STHX MOKAZATeMeH, CCIM CUMTATb, YTO Npowecc. Ha- 
KONJICHHA MATepHaia COOTBeTCTBYyeT Mpoweccy (a). 

Pemeune. [IpumMenas oo (13. 3. 18) u (13. 3. 19), dni: 
eM pH rapaHTHH P(t) = 





6,35 ~2,58 2 < x < 6,35-1-2,53 
V 220 


220 
HAH 
bl x, < 6,59 
H 
1,4 — 2,58 —— <6 < 144+ 2,58 Lt 
— y 440 
HJIH 


1,23 <0, < 1,57. 


_ _ [pm yetaxosjennu HeoOxogumoro 4ncla HaGJOZeHHA WIA OWeHKH 
Xo H Oo MCXOAAT H3 3aMaHHOH TOYHOCTH ONpeweseHHA UHTepecyi- 
ulero HaC MOKa3aTeJIA Tak Ke, KaK 9TO each B aHaJIOTHUHOM 
ciyyae IA Po B Npezbiayujem naparpade. [lonysaem cuenzyroume 
opMyJIbI Ain onpemetenna n: 


1) np ouenKe x, 





32 | 
pe (13. 3, 20) 
Ax 
err, or 
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2) pH OeHKe 4, 
2 


peak. (13. 3. 21) 
4, \? 
2( t 
rae A=, O(t) wu 2A, O(t)—ucxognne mapamerpbt ToOYHOCTH 


ONbITa. Og HaXOAHTCH OPHEHTHPOBOUHO NO AaHHbIM MpesBapHTevib- 
HbIX HCCJIeNOBaHHh. 





IIpumep 2. Cuntas pe3yibTaThl, NOy4eHHble B NpebILyLeM mpH- 
mMepe, OPHeHTHPOBOUHbIMH, YKa3aTb, CKOJIbKO HeOOXOAHMO CJleJIaTb 
HCNbIT€aHHH MO Cxeme mpouecca (a), 4uTOOb! Npw rapaHTun 0,997 


MOJIYYHTb HHTe€PBaJIbl PaCCeAHHA WIA X U GO COOTBETCTBeHHO 
2A— = 0,30 uv 24, 0,20. 


Pemenue. Cuntad, YTO OpHeHTHPOBOYHO o, = 1,4, nOAyYHM 
fA OWCHKH X,: 





1 , 4? - 1 ,96 ~ 800, 
0,15\2 0,025 
oy 
AA OWCHKH gy 
142 
0,15 \2 
: ( 3 


CaeqoBaTeJIbHO, HeEOOXOAHMO Mpon3BecTu oKOO 800 ucnobITaHHit. 


HipHMeHeHHe KOppeAWMOHHOTO aMNcCa K OWeHKe MapaMerpos 


B mpvMepe mepspom Obuim noctpoeHnr no dopmyiam (13.3. 18) 


u (13.3.9) uHTepBanbl paccenHHsa AIA NoKa3aTeleh x u o, rapaH- 
THpyeMble c BepoATHOcTbIO 0,990. Dtu HHTepBaIb! ObIIH ONpeeseHh! 
He3aBHCHMO Apyr or Apyra. Mexazy Tem Han OWeHKH MapaMeTpoB 
MOryT ObITb YJIYYLIeHbl, CCIM PaCCMaTPHBaTb O6a MapaMetTpa He H30- 
AHPOBaHHO, a coBMecTHO. byfeM UCXOANTb H3 DONYUICHHA, YTOTIpH- © 
3HaK X NOMYHHACTCA HOPMAJIBHOMY 3aKOHY pacnpefeweHua, HM ONH- 
PaTbCH Mp STOM Ha Cwlenylollve 2Ba Npennoxwenna [7]. 

a) CoBMecTHDIH 3aKOH pacnpeqeeHHA mMOKa3aTelenH x HO C yBe- 
JM4eHHeM Mf B Wpolecce HakonweHuA (a) mpHOmAuKaeTcH K AByMep- 
HOMY HOPMaJIbHOMY 3aKOHY. OTOT 3aKOH H OyMeT MOMOKeH B OCHOBY 
flaJIbHeHWHXx pacueros. 

6) Iloxa3satenmu x uw o B Tpouecce HakolleHuA (a) BapbHpyioT 
fe3aBHCHMO Jipyr OT Apyra Hu, CeAOBATeJIbHO, TeOpeTHYeCKHH KOIp- 
4pHIHEHT KOPpesIAWHH M@XKAY HAMM paBeH HY.10: Poxs = 0. 
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PaccMOTpHM B CTaH2apTH30BaHHOM MaCllTa6e noe BO3MOKHOrO 
paccesHuA MoKa3zaTeiel x H Oo pH (PHKCHPOBaHHOM H JOCTaTOUHO 
OovbuIOoM mn. Ha 3TOM Mose onpefeeHHHIM paHee HHTepBanam pac- 
Ce@fHHA X H O COOTBETCTBYIOT MOJOCH, MapaJViesbHble OCAM. OHH 
oMpezermi0T OOaCTb COBMECTHOTO paccefH¥A X HW O B BUe MpAMO- 
YrOJIbBHHKa, a NPH paBeHCTBe TapaHTHMHbIX BepOATHOCTeH AIA x 
H 6 — KBagpata. Jlerko N0Ka3aTb, UTO B CHJIY He3aBHCHMOCTH X HO 





Puc. 69. O6nacth coBMecTHOrO pacceAHuA noKaszaTe- 
net x6, rapayTHpoBalinaa C BeposTHocTbw 0,980 


BEPOATHOCTh TOUKE MOJIA OKA3ATbCA B OYEPYEHHOM NP#AMOYrOMbHHKe 
(KBagmpaTe) paBHa Mpov3BepzeHuio BeposTHOCTe AA COOTBETCTBYIO- 
IHX Nomoc, T. e. 0,990 -0,990=0,980. CregoBatenbHo, ouepueHHbili 
KBawpaT MpeAcTaBaeT COOoH OGlacrb COBMECTHOFO paccesAHuA Mapa- 


MeTPOB x HM O, rapaHTHpOBaHHylo C BepoaTHocTbio 0,980. Herpyauo 
OMHaKO yOeAUTbCA B TOM, YTO 3TO He JyuIMM O6pa30m onpegeeH- 
Had OOMACTb, TAK KaK CYILeCTBYIOT TOUKH, JlexKallve BHe 3TOM Obvla- 
CTH H OOJazalouMe Oo/bUeH MAOTHOCTbIO BeEPOATHOCTH, 4YeM HeKO- 
TOPbI€ TOUKH, HaXOJAWIMeCA BHYTPH O6acTH (CPpaBHUTebHO MaJoO 
BEPOATHbI TOUKM OOMACTH, HAXOAAUIMeCH B yriax KBampata). Iosro- 
MY MO%KHO C TOH %Ke TapaHTHHHOH BepoaTHocTbIo 0,980 onpexeiuTD 


OO6aCTh COBMeCTHOTO paccesHHaA xX HM O, MMOWaLb KOTOpO MeHDbILe 
MOWann KBakpata, eM BbIOpaTh Ty OOIaCTb HawexKalluM Obpa- 
30M. Han6oulee wetecooOpa3HbIM ABIseTCA oOMpenemeHHe o6nacTn 
TO KOPP€JIAIMOHHOMY 9JIJIMNICY, KOTOPbId B MaHHOM cCylyyae (pH 
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Toxo =0) B CTaH/apTH30BaHHOM MacllTaOe MmpefcraBiner codon 
OKPY2KHOCTb | 


"+ t= y?, (13. 3. 22) 


xX? 


ree Ofy)=1—e * = 0,980. 


HaxonauM paguyc y=2,80 wu mpoBomqum okpyxKHocTb (puc. 69). 
ITA OKPYKHOCTb HW ABIACTCH HanyuuleH OGNaCTbIO COBMeCTHOrO 
QaCCeAHHHA MapaMeTpoB X HU o, KOTOPanH MOKeT ObiTb rapaHTHpoBaHa 
¢ BeponTHocTbio 0,980. Ee naomanb S,=ny2=24,6. B To xe BpeMA 
MOWladtb KBafpata, MocTpoeHHoro c TOH we TrapaHTHHHOH Bepoat- 
HocTbIO 0,980, cocTaBIseT 


So= (2+ 2,58)?=26,6. 


CoxpalleHve pa3MepoB o61acTH paccedaHHA O3HAUaeT NOBbIMWeHHe 
TOUHOCTH OLeCHKH. 


JAA TOTO UTOObI HCULITATb, COrmacyeTCA JIM C OMBITHBIMH ]aH- 
HBIMH Ta HH HHaA KOMOHHalHA 3HAaUeHHH HeM3BECTHEIX NapamMetT- 


poB x, ==§, op = 7, roe §, 7 — HCNLITyeMbIec 3HA4CHHA MapaMeTPOB 
(pH 3afaHHOH rapaHtuu Q(x), carenyerT: 


ae _ 
1. Hafitu t, = ut = 
SOx SQ 








2 2 
2. Ecau ti-+-¢, okaxkeTca MeHbUIe uem yx’, TO TOUKAa (§, %) 
OKAKeTCH BHYTPH rapaHTHpoBaHHOH O6macTH pacceaHuad (OKPyXx- 
HOCTH) H KOMOHHalHA 3Ha4eHHA (&, 7) ROMyCTHMA. 


2 2 9 
Ecan ti + ¢, okawetTca 6Onbiie uem y?, TO TOUKA (§& 4) OKa- 
MKETCA BHE TapaHTHpyeMOH OOWaCcTH paccesxHHH HW KOMOMHALHA 3Ha- 


qeHHA (&, 4) He cormacyeTCA C OMbITHbIMH MaHHbIMH. 


B pufe mpumMepa ucmbiraem 3HaueHua x,=£=6,11, .=7= 
= 1,28 qa naHHbIx npuHmepa | (cTp. 275). 3aecb 


eme605. oe 220055. 34. 
220 


son "4 = 0,067, Q'x) = 0,980, x= 2,80, 7? =7,84. 


HaxoJ.uM 
fee eps ise —= —252, 
: 0,095 
, 128140 7g 
y 0 ,U67 
ti + ¢ = 6,35 + 3,20 = 9,55. 
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Tax kak ¢?+ ¢? oxasanocb Oonbule 4em y?, To KOMOMHALMA 
§=6,11, 4=1,28 ne Mower 6nITb npuuata. Ha puc. 69 BuzHO, ITO 
TouKa (§,) JexKHT BHe OKPy2XHOCTH pacceaHHA, 4TO H NOATBepxK- 
WaeTcA HalluM pacuetom. JIto6onbITHO OTMeTHTb, 4TO KaxK10e B OT- 
HeJIbHOCTH 3Ha¥eHHe E=6,11 u n=1,28 aBaAeTcA MONYCTHMBIM 3Ha- 


YeHHEM IIPH 3aQaHHOH rapaHTuu 0,990. Hegonyctumof oKa3biBaeTca 
JIHIIb KOMOHMHAUHA 3THX 3HaueHHH. 


§ 4. MOKASATEJIH KOPPEJIALLHH B MPOWECCE HAKOMNJIEHHS 
MATEPHAJIA 


OsHaKOMJleHHe C OCHOBHBIMH 3JIEMCHTaMH TeOpHH BepoATHOCTel 
WaeT BOSMOMKHOCTh YTOUHHTb HEKOTOPble MOHATHA, KOTOPble paccMa- 
TPHBaJIMCb TPH HM3y4¥eHHH KOppeauHH B pa3nese II KHHrH, u Ha- 
YUHTBCA OWCHHBAaTb HaleKHOCTb NOJYYaeMbIX OMbITHBIM MyTeM MOoKa- 
3aTeleH KOPPeJIALHOHHOH 3aBHCHMOCTH. 

PaccMOTpHM COBMeCTHOe pacnpeseseHHe MaTepHasa NO ABYM WI 
HECKOJIBKHM BapbHpyIOUlMM NpH3Hakam Xx, Y, 2,... [IpeqnonoxuM, 4TO 
MaTepHasl HakallIMBaeTCA mo cxeMe Mpomecca (a), clemoBaTebHO, 
COBMECTHbIH 3aKOH PpaCpeeleHHA BePOATHOCTeH Pa3/IHYHbIX BO3- 
MOXKHBIX 3HAYCHHH X, Y, Z,... OCTAeTCH HEH3MCHHBIM BO BCeX HCIIbI- 
TAHHAX HW He 3aBHCHT OT Pe3yAbTaTOB yKe MPOH3BeeCHHbIX HCMbITA- 
HHH. Ecu STOT 3€KOH TaKOB, ITO Pa3JIHUHEIM 3HAYeCHHAM IIPH3Haka Y 
COOTBETCTBYIOT Pa3JIHYHble 3HAYeCHHA YCJIOBHOrO MATeMATHYeCKOrO 
OXKHJaHHA NPH3HaKa xX, TO 3TO O3HAYaeT, YTO MPH3HAK X CBA3aH 
KOPPeJIALHOHHOH 3aBHCHMOCTbIO c y. PaccMoTpeHHe 3aBHCHMOCTH 
 YCMIOBHOFO MAaTEMATHYECKOTO OAKNDAHHA X OMHOBPEMEHHO OT 3Haue- 
HHA pala APyrHx MpH3Hakos Y, 2,... MPHBOXAT K NOHATHIO MHOKE- 
CTBEHHOH KOPpeJIAWHH. 

Yem Ooubuie anc0 Ha6ml0geHuli, Tem O6OHwxKe K 1 BepoATHOCTD 
TOrO, 4YTO CpeAHHe H3 OMBITHDIX 3HAYeHHH MpH3Haka X, COOTBETCTBY- 
}OUHe TEM HJIH HHbIM 3HaYeHHAM IIpH3Haka Y, OyAYyT CKOJIb yrOXHO 
MaJlO OTJIH4aATbCA OT CBOHX MaTeMaTHY¥eCKHX omHLAaHHH. Tlostomy 
AeCHCTBUTeNbHaA TeOpeTH¥ecKaA JIMHHA perpeccHH, onpenenaiomanr 
BeJIMUHHbI MATeCMATH¥YeCKHX OKHDTAHHH X, COOTBETCTBYIOUIMX pa3v1H4- 
HbIM 3HAUCHHAM Y, MeHCTBHTeJIbHO OyneT «MpenebHOH JIHHHeH>, 
K KOTOPOH B CMBICJI€e TEOPHH BePOATHOCTeH CTpeMATCA KaK HeMmocpeL- 
CTBEHHO TOyuYaeMavA H3 OMBITHEIX JaHHbIX SMMMPHYeCKand JIMHHA 
perpeccHH, Tak H BLIYHCJIMeMaA Ha OCHOBe KOHeEYHOTO UHCa HaGVIIO- 
AeHHH «TeOpeTHueCKagd JIMHHA perpeccHH». 


Kosm®uuveHThl KOppeAllHH, perpeccHH uM Apyrve moKa3aTen, 
onpeyeneMble 34KOHOM pacnpezeeHHA BeponTHocTeh, 6yfem 0603- 
HavaTb OOWIHM CHMBOJIOM /7) HM Ha3bIBaTb B JaJIbHeMllem TeoperTu- 
4eCKUMU T1OKa3aTeJIAMH. AHaJIOrHuHble CTaTHCTHYeCKHe MoKa3zaTeH, 
PACCUHTHIBAeMbIe MO MAaTepHaslaM KOHeYHOTO YHCa HCMbITAaHHA AAA 
OUeHKH NoKa3aTesieh [7o, oO6o3HaIaeM CHMBOJIOM J] u Ha3bIBaeM OMBIT- 
HbIMH WIM SMITHPHYeCKHMH NOKa3aTeJIAMH. 


Jina oueHKH HaeKHOCTH TeX BbIBOJOB. KOTOPble MOMKHO JleJlaTb 
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M3 OMNbITHBIX NOKa3aTemeH KOPPeCAALWHH, BaXKHO OMPeeNATb BO3MOX- 
Hbi€ BeJIMYMHbI OTKIOHeHHH // — [7], Ha3bIBaeMbIX NOrpellHOCcTAMH 
HJId OWWHOKAMH COOTBETCTBYIOLUHX MOKa3aTeen. 

O 3aKoHax pacnpefeseHua OCHOBHbIX MOKa3aTereh Kopperanuu I7 
(KOSPMHUMEHTOB KOppeJIAWHu, KostPuMNeHTOB perpeccuu, KOppeva- 
IMMOHHBIX OTHOIMCHHH) H3BECTHBI Cleqyloulve momomeHHA ([7] ra. 27, 
28, 29, [2] ra. 6). 

1. C ypeHueHHeM 4HCJIa MCMbITaHHA mM 3aKOHbl pacipemeneHua 
mokasateseH /] cTATHBaIOTCA K CBOMM ILCHTpaM, T. e. K MaTeMAaTH- 
4YeCKHM OKHAHHAM STHX NOKasaTeeH, KOTOPble, B CBOIO O4epedb, 
CTpeMaTca K mpenenam I] 


lim M (/7) =J7,. (13. 4. 1) 
na © 
CaeqoparebHo, 17) ABJISIOTCH IipeqemaMH MO BePOATHOCTH M0Ka- 
3aTenen I] 
lim /7 = /7,. (13. 4. 2) 
Bni+@® 


2. Eculu paccMaTpuBatb norpemnoctb /7 — JI) Kak cyMMy culyyait- 
HOH MorpemHoctu //—M(//) Hw cuctemaTHyeckoH mnorpeuIHocTH 
M (1T)—ITo, To cayuatuble NorpellHoctu nokasatenei /7 Bp cpequeM, 
KaK IIpaBHJIO, COKpalaloTcA NO 3aKOHY OOpaTHOH MponopunoHab- 
HOCTH KOPHIO KBafpaTHOMY H3 UHCa HCNbITAaHMH; CHCTeMaTHYeCKHe 
MOPpewlHOCTH y STHX MOKasaTeJieH HOO OTCYTCTBYIOT, JIH60 COoKpa- 
UWlaloTcA, KaK IpaBHJIO, NO 3aKOHyY OO6paTHOH MponopunoHaJIbHOCTH 
YHCy HaOJIOMeHHH, T. €. 3HaYHTeJIbHO ObIcTpee, HeMeIH CyUaH- 
Hble MOrpelHOcTH. 

3. SakOHbl paclipeqelieHia paccMaTpHBaeMbIxX mNoKa3aTesielt 
ACHMIITOTHYCCKH HOPMaVJIbHbI; MOITOMY IPH 3HaYHTeIbHBIX U4HCaXx 
HaOJOJeHHH OleHKa NorpemtHoctTu I] Momer NpOH3BOAKTbCA Ha OCHO- 
Be HOPMAJIbHOrO 3aKOHa pacipefeseHHA, KOTOPbIH, KaK MH3BeCTHO, 
onpeneiaeTca JByMA mapametrpamu: M(//) u o,,. Ucksouenne B 
HEKOTOPbIX CJ1y4YaAX MpeAcTaBJIAeT COBOKYNHBIA KOIPDPHUMeEHT KOp- 
PevIAWHH H KOPppesIsUHOHHOe OTHOWeHHe (pH Ro=0 u no=0). 

IIpHBOoqHM QOpMYJIbI Og H Cnoco6 KOppeKTHpOBKH Ha CHCTeMa- 
THYUeCKY!IO MOPpelIHOCTbh JIA PAA OCHOBHBIX MOKa3aTeslIeh Koppe- 
JAW. 


KosmuuneHTbl KOppeJsALHH 


Tlyctp 
X1,23...p = By + Og X_ + Baty... + 0X, (13. 4. 3) 


ypaBHeHHe MpAMOJHHEHHOH perpeccHH p MepeMeHHbIX, rye Napa- 
MeTphi bj, bg,...6, ONpeesAIOTCA MO MeTOAY HaMMeHbIUMX KBalpa- 
TOB, KaK 9TO H310%KeHO B pasgzese II. 
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O6o03HauHM Yepe3 


Llx,—x 2 
91, 93...p V | : 5 22] (13. 4. 4) 


cpemHee KBaspaTHueCKOe OTKIOHEHHe xX; OT NMOBEPXHOCTH perpeccHH 
(13.4.3). Bernunna 0.23...» HrpaeT BaxKHYIO pOJlb pu OlWeHKe Ha- 
J@2KHOCTH NMOKa3zaTeseH KOPpeJIALHH. 

01.23.90 HM€€T CHCTEMATHYeCKy!IO OWHOKy B CTOPOHy peyMeHb- 
INCHHA, TEM OOslee 3HAYHTEJIBHYIO, 4eEM OONbUIe NapaMeTPOB B ypaB- 
HeHHM perpeccHu OmpeyesimeTCA MO OMbITHBIM WaHHbIM. Jia ucupas- 
JIGHHA 3THX MOrpelIHOCTeH BBOAATCA KOPPeKTHBHI ~ 


ae a. ts 
Seip 1 op V _ pV etl, (13. 4. 5) 


Tye p— 4HCIO NapaMeTpoB B ypaBHeHuM perpeccuu, ONpeesIAeMBIX 
HO JAHHBIM OMbITa MeTOOM HaMMeHbIUHX KBagpaToB. Jia mpaMo- 
JHHeEHHOH 3aBHCHMOCTH P COBMawaeT C YMCIOM MepeMeHHBIX. 


KosunnexT MHOxKecTBeHHOH KopperaunH Rio...) BbIpa- 
*KaeTcCA PopmMyaon 


ce Sab 
Ri. 23... at in ee (13. 4. 6) 
| 





KOTOpad momyyaetca H3 dopmysn (10.3.2) B cnyyae NpaAMosHHel- 
HOH 3aBHCHMOCTH. 


Hcnpasaaa B dopmywte (13.4.6) BeaM4HHEI o,,, , H 9, Ha 


CHCTCMATHYeCCKY!lO NOrpeCWIHOCTb, UCHPaBJIHeM NpvOAWKeHHO H 
Ri, 93... p- 


DopMywia KOPppeKIHH 


A o 
Ri. 93...p = [ee ae (13. 4. 7) 


HJiK 





A er sa sae a es | 
Ries = I~ (1 Rit) 2, (13. 4.8) 


A 
rae Rj, 93...» —- KOPpeKTHpoOBaHHOoe 3HauenHe R23... 


OToT MeTOA KoppekTupoBanua R, XOTA M He ABJACTCH TOUHBIM, HO: 
OH IIpocT H MpakTuyeckH ceOA onpaBABIBaeT. 

Koppextupopanue R, Kak BHZHO Hu3 camoh dopmysn (13. 4.8), 
HMeeT CMBICJ] MPHMeHATb JIMUIb B TeX CJyY4aAdx, Korga YHCMO Napa- 
MeTpOB p He OU¥eHb MaJIO TO CpaBHeHHio C YMCOM HaOmogeHuh Nn, 
T. @ AJId KOPPe@JIAIMH MHOFHX TepeMeHHbIX IPH He OYeHb OOVIbILAX. 
UHCAAaX A. | | 
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Popmy.ia (13.4.8) mpenctaBseT H3BecTHBI HHTepec B Ka4ecTBe 
KpHTepHA, Ha OCHOBAaHHH KOTOPOrO MOXKHO CYAHTb O LWesmecoobpas- 
HOCTH JOTIOJIHHTeCJIbHOTO BKJIIOUeCHHA B YDPaBHeHHe MHOKecTBeHHON 
perpeccHH Tex HJIM HHbIX apryMeHTos. B camMom jeje, NpH AonoOHH- 
TeJIbHOM BKJIIOUCHHH B ypaBHeHHe perpeccCHH HOBBIX apryMeHTOB 
KOSPDUUNEHT MHOMKECTBEHHON KoppeaunnH R, KaK NpaBHylo, yBemH- 
uMBaeTCH. OAHaKO STO yBedMYeHHe R MOET ObITb HJWIIO3OPHbIM H 
ABAATBCA JIHIUb CJI@ACTBHeEM NOABJICHHA B YpaBHeHHM perpeccuH 
OOIbulero 4HCIa NapaMeTpoB, OMpemeaeMbIX MO aHHBIM OMbITAa. 
Jlerko cooOpa3uTb, 4TO ecJIM Obl, HaMpHMep, YHCIO TakHxX Mapamer- 
PpOB P OKa3aJIOCb PaBHbIM YHCJy HaOJIOeHHH n, TO paccuHTaHHaa 
MO Me€TOAY HaHMeHbUIAX KBaAPaTOB NOBeEPXHOCTb perpeccuHu Mpowia 
Obl Yepes BCe M1 OMNbITHBIX TOYeK. CyleqoBaTeIbHO, B 9TOM cCsyyae 
S1.93..9 OKaKeTCA paBHoH QO, a Rj. 23...» PaBHbim 1, xoTa B eHcTBH- 
TeJIDHOCTH CBA3b MOPJia ObITb HM C1a60OH, YTO Cpa3y OO6HAPyXKHMOCb Obl 
NipH YBeJIMYeHHH 4HCla HaOsOMeHuH. Uem OvluxKe Pp K N, TEM CHJIbHee 
IIpeYBeJIHYHBaeTCA TeCHOTa CBA3H. OTO MpeyBesHYeHHe UM HCMpas- 
<1deTCA 10 Mopmyvie (13. 4. 8). 

CpeqHaAa KBagqpaTuyeckas MOPpeulHOCcTh KOs*PuLKneHTa KOppess- 
ILHH OMmpeqeaeTca No Popmyue 


1 =p: 
so (13. 4. 9) 


"oR — V nN 


rae Ry, —TeopeTHyeckoe 3HayeHHe KOSPUNHeEHTa KOpperAMMH, 


A 
3aMeHAemMoe OObIYHO Yepe3s R uu R. Tlono6Haa 3aMena AonyctTuMa, 
KOra 7“ 3HAUHTeJIbHO, a R He OFeHb OH3KO K 1. 


laa Kospuuveuta napHo Koppersunn 


1. i= om 

~— E(x — x) (¥—y) 

rm 
OxSy 


KOPPeKTHpOBKa Ha CHCTeMATHYeCKYIO NorpellHOCTb OObIMHO He Npo- 
H3BOAHTCH; Oo, OlpeseneTcn mo dopmyvie 


ae ge 
== —" (13. 4. 10) 
Vu 
re ry -— TeOpeTHYeCKOe 3Ha4UeHHeE KOSMMuNLUHeHTA KOPpeunWuH — 
34MCHAeCTCA MpHOAWKEHHO Yepe3 7, CCH M BEHKO, a r He 6.1H3- 
KO K I. 

IIpH HaM4HH HOPMaJIbHOH KoppesialHu MexKAy MepeMeHHbIMU 
cbopmyap (13.4.9) u (13.4.10) saBasiotca BecbMa TOYHBIMH. OHH 
MCMOIb3yIOTCA B Ka4ecTBe MpHOJIMKeHHBIX POPMyJI pacueTa, He3a- 
BUCHMO OT TeX HJIH HHbIX lipeqMoOOKeHHH O XapakTepe KOPpeJALMH. 
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Ipumep 1. B raape X paccMaTpHBallach 34BHCHMOCTb KOSpLH- 
THBHOH CHJIbI OT Oadlia 3epHa, COMeEPKaHHA yrviepofa u comepRKaHHA 
cepbl Ha MaTepHase 190 ucnbiTaHHa xene3a «ApMKo». Kosdpdu- 
IMCHTH KOPpeJIALHH MeK Ay KOIPUMTHBHOK CHJIOH HM KaxXbIM H3 TPex 
TI@pe4HCJICHHBIX BbILe APFryMeCHTOB COCTABJIAJIH COOTBETCTBCHHO: 
rio=0,555, 713=0,301, r14=0,372. Paccuntaem cpeaqHHe KBaypaTH- 
yecKHe OWHOKH STHX MoOKasaTeen: 


_ 10,5552 


Opp, == -———. = 0,050, 
OF ia V 190 ; 
1 — 0,301? 
) = 0,066, 
— V 190 
1 — 0,372? 
o = 0,063. 
OF v4 y 190 


Cu1eqoBaTeIbHO, MpHMeHAK OpMyJly OWeHKH AIA fo pH Oosb- 
WHX Ni r—tlo,<rg<r+to, W NPHHAB, HallpHMep, rapaHTHH- 
HylO BeposTHocTb P ~ @(t) =0,990, nowyuum ¢=2,58 Hw rpaHHibl 
ILIA Pq. 


0,426 <r, < 0,684, 
0,131 <r, < 0,471, 
0210 <r, < 0,534. 


BenuunHa r— io), Ha3bIBaeTCA 2apaNTUPOBAHHbiM MUHUMYMOM, 
BeIMuHHa r+top, — CAPANTUPOBAHHbimM MAKCUMYMOM KO3PDHUH- 
CHTA fo. 


Ecumm TrapaHTHpOBaHHblii MHHHMYM 7o MOJIOKHTeEH WIM Ke Ta- 
PaHTHPOBaHHbIN MaKCHMYM OTPHIaTeJleH, TO KOSPMHUNeEHT KOppesA- 
HH MMeeT OocTosepHoluli 3NAK, B TlepBOM CJlydae — MOJIOKHTCIbHBIM, 
BO BTOPOM — OTPHUaTeJIbHbIN; B STHX C/JYYaAX TOBOPAT, YTO 3QBUCU- 
MOCT6 GocTOBepHa. OueBUAHO, YTO MOCTOBEPHOCTb 34BHCHMOCTH OTipe- 


r 
AeIHTCH OTHOIMCHHEM BaP 


Sor 
(buunenT f, COOTBETCTBYIOWMK MpHHATOH rapanTHH P(t), TO 3aBH- 
CHMOCTb JOCTOBepHa, Tak Kak 4HcIO O He COMePRKATCA B HHTepBavie 
paccesHHA MoKa3aTeA rf, TapaHTHPOBaHHOM C BepOATHOCThIO PF). 
B npoTruBHOM CJly¥ae 3aBHCHMOCTb He AocToBepHa. Jia rapaHTHH 
@(t) =0,990, KoTopylo MbI B TaKHX CJly4adx peKOMeHAyeM, YHCIO 


t= 2,58 = 2,6. Orcioqa mpaBHJlo: 34BHCHMOCTb AOCTOBepHa, eCJH 


; 
ornomenne |! > 2,6. 


Sor 


eCJIN 3TO OTHOWeHHe NMpeBocxoguT Koadp- 
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B HallieM TIpHMepe HaJIHuMe 3aBHCHMOCTeH MpaKkTHYecKu MOCTO- 
BepHO, Tak Kak 


| 74| 0,555 
Arial 06855 11, 
Op 0,050 

| 43 | 0,301 ra 
ee 2 ot ae ee Bs 
%07,5 0,066 : 


[fu] _ 0,372 —60 
Tor, 0,063 —- 


UTO 3HAYHTeJIbHO IPeBbIlaeT BO BCeX Tpex cJly¥aAx 3HaueHHe 2.6. 
Kos@@uuveHT MHOKEeCTBEHHOH KOppedalun MexKLY KOIPUHTHB- 
HOH CHJIOH H COBOKYMHOCTbIO TpeX APryMeHTOB COCTAaBJA 


R1. 234 = 0,653. 
Koppekuusa storo KostpuuveutTa Ha CucTeMaTHYecKyIo TorpewHocT 
aeT 
- Ser CoE AN eae ae oO ee ee 
Ree V 1 ==(1-=0,6532) oe 6 646 
190 — 4 


Cpequaa KBagpaTnyueckad omlHM6Ka Kospdunnenta R ucuucaserca 


mo mopmyvie 
1 — 0,653? 
"OR. 034 ara eran 
1H60 no dopmyvie 
i — 0,6463 
rere ane -A hehe 9 
OR, 05, Vid) 0,042. 
OrTHolleHHe 
Ri, 5a) _ 0,646 a 


+ 
o,4. 


""R1, 234 0,042 


SaBucuMOCTh AOCTOBepHa. 


KoouunernTp perpeccun B npowecce HakOnJeHHaA MaTepHaia 


KostuveHTbl perpeccuH He KOppeKTupyloTcA Ha cuCTeMaTHUe- 
CKHe OWWHOKH. 

Cpenuve KpafpatTuyeckue ommMOKH KOScpuUMeHTOB perpeccuH 
ONPeAeAIOTCA CJIEAYIOWINM O6pa3om. 


Jina napwou perpeccun y,—=a-+ bx 
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Soy. x Soy a - Foxy 


2 
oe (13. 4. 11) 
Gon n SorV 1 

M3 opMy/Ibt BHXHO, 4TO KOS*PHUMeHTH perpeccHH oOlpeess- 
1OTCA TEM TOUHee, YEM MEHbIUe paccesHve PyHKI[MOHaJIbHOrO MpHsHa- 
Ka y WM 4eM OoOJlbllle paccesHHe apryMeHTa xX, H 4eM TeCHee 3aBHCH- 

MOCTb Mey y H X. 
TipH Oojbwiux 3HaYeHHAX n TpemesbHble TeopeTHyecKHe 3Ha¥e- 
HHA noKa3aTeleih B copmysie (13.4.11) MoryT ObITb 3amMeHeHHI CO- 
OTBETCTBYIOWIMMH MOKa3aTeIAMH, BbIYHCJICHHbIMH MNO pe3syJIbTaTaM 


HCIIbITaHHH 
3 1—r 
S05 ee cs eat ee — (43. 4. 12) 
ox ¥ n t,V in 


Ipumep. YpaspHeHve perpeccHH KOSPUUTHBHOH CHIbE nO Oawy 
sepHa (raapa X, cTp. 203 


X12 = 0,38 + 0,128x., 
11pH4eM 


= 0,205, Fi 0,893, 39 > 0,555, n= 190. 


Hafimem cpegHioro KBagfpaTuyeckyio ommMOKy Kosdulnenta pe- 
rpeccHu: 


0,205 ae 
Go, == 0,603 / 100 V 1 — 0,555? 0, 555? =0,014. 


lIpu rapantun P= P(t) b—to, <b, <b-+-tsy,. Ecau mpuuatb 
P(t) =0,990, ro 3Hak (+ umn —) KosdpunHeHta perpeccun cve- 


AY€T CUHMTATb CTATHCTHYCCKH JOCTOBEPHEIM NpH as > 2,6. 
. Sop 
1b — 0,127 


=90. TlomoxHTeIbHad 3aBHCH- 
oop 0,014 


B wamem cayuae 





MOCTb JOCTOBEDHa. 


Jima perpeccuu Tpex NepeMeHHEIX 2yy =a + 0x4 cy 


° | — 
Foz. xy Oz V 1 Re, xy Ree. xy 


0 ee (13. 4. 13) 
Tox. yy n Pee | ae ae 1— bay 


G Soz 1 R? 
ec es) ee (13. 4.14) 
Foy. x 4 Wt toy 1—P ay ate Van n 
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H NOCJI€ 3a4MeHbI MPH OObLIUX nN TeOpeTHYeCKHX MOKasaTeseH HX 
ONBITHDIMH 3HaYCHHAMH TlOJlyuaeM NpHOsHKeHHO 


oo % cz. 1—R?, 
999 = = (13. 4. 15) 


Cry V 0 or y/ i Py Van 





——————— 
- 
oy ry oz 1 = ay 


Sy nt Sy V1 — he Va 





(13. 4. 16) 


Sy == 


Ipumep. B raape IX sapucumocTb MexAy ympyroctblo, pa3sme- 
POM 3aMKa H MarHHTHOH MpoHMaemocTbw Ha MaTepHase 200 nopu- 
HeBbIX KOJIell BbIPAKAMACh ypaBHeHHeM perpeccHH 


CN 761,97 + 32,70x + 8,09y, 
II pHdeM 


s, = 83,14, r,,== 0,439; 
6,== 1,05, Lyz = 0,305; 
oy== 2,72, ry == 0,099. 


Paccuntaem cpefHHe KBagpaTuueckue omMOKu KOspunvertos pe- 








rpeccuu. 
83,14 { — 0,9123 
oS Ua ——— = 4,83, 
1,05 W1—0,099? 200 
83,14 V 1—0,5'22 
Coa 9.72. ee 
; V 1 — 0,099? 7/ 200 
OrTHoleHHe | 
|b | 32,70 
oe ee ee 6,8, 
Cop 4,83 
le] 8,09 43 
Say 1,87 ; 
SHaKH KOSPMULUHEHTOB OCTOBEPHHEI. 
laa perpeccHuy MHOrHX MepeMeHHbIX 
Xt. 93...) ==); ~— BoX_—+ b,X, ~i- weet 0,X 5, 
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a. pee 
¢, So1 V —R 
a 01. 23...p 01.23...p 

505, a 2. ap eo a (13. 4. 17} 

MPV coy 1—Rips...p¥ A 

HM pu OobuIOM n npHOmHKeHHO 
9193... p = y hs Ri 93... p 

Co (13. 4. 18) 


234.pVR 4, V1 = Ress Vn 


AHaNOPAYHHe POPMYVb TAA dp, , Sop, + Fob» 


IIpumep. Ypasuenve perpeccHu KOSPUHTHBHOM CHIBI m0 Gay 
3epHa, CofepxKaHHio yrviepofa uv ComepxKaHuio Cepbl Aa 190 ucnet- 
TaHHH 2%Kewle3a <APMKo» (riaBa X, cTp. 213) 


1.034 == 0,157 10,118, + 11,12x, + 5,20+x,, 
mpHueMm 
3, = 0,205, ro; = 0,029; 
y= 0,893, ra, = 0,179; 
o,=0,0040, 3, = 0,334: 
3,==0,0082, Rios, = 0,653. 


_ Paccuvraem cpeguve KBadpaTuuecKkve omM6kKn KosdunHeHToB 
perpeccuu. IIpegpaputenbHo HeOOxoHMO paccuuTaTh KospPHUHeHTH 


2 2 2 
Ro.34, R3.24, R4. 3 


D) 2 
2 193 + 194 — 2fosf a4 
R24 = s——_———— = 


1—r, 
__ _0,0292 + 0,1792 — 2-0,029-0, 179-0, 334 
1 — 0,334? Enver 
R= ros rx, — 27 3o% z4fo4 = 
sae l—ry, 7 
__ 9,029? + 0,3342 — 2-0,029-0,334-0,179 
10.175: == 0,1125, 
|: no rio + 143 — Wear estos 
A ie eee ee 
— Fag : 
_ 911797 + 0,334? — 2-0, 179-0,334-0,029 — 0.1409 


1 — 0,0292 
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Jhasee 
T0653? 
ae 0,205 VY 1 0,653" _ —= 0,0128, 
* 0,893 VY 1 — 0,033 VY 190 
= 3 
ee 0,205V 1 0,658 _ __9 993, 
> 0,004 ¥ 1—0,1125 ¥ 190 
Nae 2 
es 0,205V 1—0,653 ee 
‘ 90,0082 YW 1 — 0, 1402 7190 
OTHOUIeHHA 
| bg | 0,118 
= ——— = 90 
Sp, 0,013 . 
[ Bs | 11,12 
eS 7, 
0p, 2,99 3; 
|ot 5,20 —36 
0p, 1,48 


BO BCeX Tpex cyuanx Ooubie, vem 2,6. CaenqoBaTeAbHO, 3HaKH 
KOSMPHUHEHTOB JOCTOBeEPHBI. 

Hasmuve HOpMaJIbHOH KOppeAuMH MexKAy NepeMeHHBIMH AB- 
JIAe€TCA W 3€Cb JOCTATOUHbIM, XOTA H He HeEOOXOJHMBIM YCJIOBHeEM 
HcnoOb3OBaHHA Mopmya (13.4.11) ut. a. mo (13. 4.18). Ha npax- 
THKE 3TH POPMYVIbI IPHMeHAIOT B KaYeCTBe MpHOJIMKCHHHIX, He CUH- 
TaACb CO CTPOrHM COOJIIOAeHHeEM YCJIOBHA HOPM@aJIbHOM KOppeslAlHH. 


Teopern4eckoe KOppeJINQHOHHOe OTHOWeHHe ! 


Iyctb y,==a-+bp(x)-+cq(x)+...— ypapHenne perpeccHH 
y M10 X, JIMHeHHOe OTHOCHTeJIbHO MapaMerTpos a, 6, ¢c,..., ompememae- 
MBIX M10 OMbITHDIM JLAHHbIM MC€TOAOM HAaMMeHbIUHX KBaZpaTos. 


TeopeTHyeckoe KOppeJIAWHOHHOe OTHOWeHHe Y MO xX BEIpamKaertcs, 
KaK H3BeCTHO, PopMyv1on 


ne 
Sry, x 
Urype aa / | — F ‘ 


2 
» 





3aMeHad B STON opMy.e NOKasaTeaH o? HW 9? 


, 497, , HX 3HadeHHAMH, 
CKOPPCKTHPOBaHHbIMH TO POpMy.1iaM 


1 TepMHH <TeopeTH¥eCKHA noKa3aTerIb» B pa3fene III Knurn Bcerfa HMeeT 
CMBIC MpelesbHOTO TeOpeTHYeCKOrO MNOKAa3ZaTeIA HH NOKasaTeA, HCUHCAAeMOrO 
mocpeacTBOM BeposTHocTeH. B faHHOM cay4ae 3TOT TepMHH ynoTpe6eH B Zpy- 
TOM CMBICJIe B COOTBETCTBHH C NOHATHAMH pa3gena Ii. On C3HauaeT 3feCb, 4TO 
KOPPeJIAUMOHHOe OTHOLICHHE HCUHCJIACTCH OTHOCHTGJIbHO JIHHUM perpeccHH, BHpa- 
KarouleHCA MaTeMaTHUeECKOH (OpMywOl, NapaMeTPhE KOTOPOM paccYNTaHH 10 
ONKITHEIM JaHHHIM. 
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AN 


9 t 
G2. == 
¥ 


n- 


~~ 


9 
-_—— (one 
| ee 
: 3 

- 5 
Ty. x n—p ys 


(13. 4. 19) 





moryuaem dopmyly NPHOAMHKEHHOH KOPPCKIMH NOKASATEAA Yysrs 
Brome aHavornunyio dopmyute (13. 4. 8) 





era me 
Aryix = 1— (1 = 47 y/x) ee (13. 4. 20) 


rae Pp — 4YHCAO NapaMeTpoB ypaBHeHHnaA perpeccin, 


Mopmyna (13.4. 20) coxpaHseT cBoH BUX MH AIA MHOMKECTBEH- 
HOrO TeOpeTHYCCKOFO KOPPeAAWHOHHOTO OTHOMICHHA ‘iri (4) CCH YpaBe 


% 
HeHHe PerpeCCHH JIMHEHHO OTHOCHTEIbHO MapaMeTpoB b1, Ba... O6 


A as 
w= i- [tay a] (13. 4. 21) 





p’ 


ric p-~ YHCO TapaMeTpOB ypaBHeHuA perpeccHH, olpewedAeMbix NO 
AHHbIM OMbITA. 

Cpemuaad KBafpaTuyueckad OWMOKa TeopeTH¥eCcKOrO KOppeAIHOH- 
HOrO OTHOWeHHA (MapHoro WIM MHO2KeCTBEHHOTO) BHIYHCAAeTCA TO 
cdopmyuie 





i— 15 
S0r 


— area (13. 4, 22) 
'T Vn 


A 
B KOTOPOM No OObIMHO 3aMeHAeTCA Yepes NH, HK Yr (ecJIM n BeJIH- 
KO H nN; He OH3KO K 1). 


FIpumep. Jina s3apucumMocTH MeKAy ylpyrocTbio H pa3MepoM 
_ CreloBaTeJbHO, » 


A oe tea OOO PETES 
on —_ ) es. Q,2182 = 0,467, 
Wrypx = Vy te e20) 200 — 3 Vv 


gt OE ee O50. 
ay Y 200 
IMNMpHYeCKOe KOPPCAAWMOHHOE OTHOWEHHC 


IMMUPHYeCKOe KOPPEJIALHOHHOE OTHOIMEHHE (MHOKECTBEHHOe HJIH 
mapHoe) onpegeiseTca PopMy.Ion 





a 0 13. 4. 23 
Mm =V l 9° ? ( ) 
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rye 
(-<, — x " \ 
8) yy) = V eee ae Ue (13. 4. 24) 


ft 


cpemHee KBapaTH¥eCKOe OTKJIOHEHHE X; OTHOCHTebHO SMnMpuge- 
CKOH MOBEPXHOCTH MHOXKECTBEHHOM perpeccun; x1 (4) — TaCTHBIe cpez- 
HHe€ X,, COOTBETCTBYIOWIMe 3aaHHbIM 3HAaYeCHHAM APryMeCHTOB. 
Tloka3aTetb of (,. OO6amaeT CHCTeMaTHYeCKOM MorpelHOCTbIO B 
CTOPOHY MIpeyMeHbIUIeHHA, Pa3Mep KOTOPOM 3aBHCHT OT 4NCHa rpynn k, 
Ha KOTOpble pa3OuBaeTCA MaTepHad JWIA BbIUMCIEHHA YACTHBIX Cpen- 
HUX X1 (4). YUemM Oombure uncsio k, YeM OHO 6IMxKe K YNCy HabsIone- 
HMM n, TeM CHJIbHee mpeyMeHbuweHHe. Ecam npeactasytb ce6e Kpau- 
HHH Clyua, Mp KOTOPOM k=n u, ceqOBaTeMbHO, B KAKO rpynne 
WMe€eTCA JIMIIb OAHO HaG6lOaeHHe, TO Situ) OyeT PaBHATbCA HYVIO, 
KakOBO Obl HH OblIO MpesembHOe TeopeTHYeCcKOe 3HAYeHHeE 3TOFO 110- 
Ka3aTeJa. 
Koppekiua Moka3aTela 0?(,) Ha CHCTeMaTH¥eCKy!O NorpelwHocTh 


MOKeT ObITb MPOH3BeeHa MO Mopmy.ie 


‘A ») [x —x |’ 
Be 5, eee a, eae 
Oe = ah, ae ‘ (13. 4. 25) 


Samenat B opmyae (13. 4.25) of /,, u of HX KOppeKTupoBan- 
HBIMH 3HaYeHHAMH, Noyyaem MpHO6MKeHHYIO KOppeKIMIO 3MNMpH- 
YeCKOrO KOPPeJIALHOHHOFO OTHOLIeHHA 


Seeieimimeemennr 


A 
" 1 — Zh ! Bs ee 1924 9G 
Tu) = ae | =r LN Ga) a (13. 4. 26) 
°) 


rae k—uncno rpynn, Ha KoTOpble pa3sO6uBaeTca MaTepHau. 
CpeqHad KBaypaTHyeckand oulHOKa 23MMupHyecKoro KOPpesALHOH- 
HOrO OTHOUeHHA (MapHoro WJIM MHOMKeCTBeHHOFO) BHIYHCAAeTCA TIO 


mdopmyvie 





he 2 
us (13. 4. 27) 


5, = == 
A 
rE N OOIYHO 3aMeHAIOT 4Yepe3s yY HAM H, CCH AM BEAHKO H 7 


He OAU3KO K 1. 


Hpumep. Jl1a 3aBHcHMOcTH MexKy yipyrocTbio W pa3MepoM 3aM- 

Ka MNOPUIHEBBIX KOJIelL 
= =, = 

Nyt —— 0,017, fl 200, R ] 1 ° 
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CneqOBaTenbHo, 
7 ae : — - 
os Vf 1-0-0517) 05 (1 — 0,5178) 2 = 0,478, 
1—0,478 a 
Son 7500 500 —_— 0,055. 


Pa3s1H4Hble NPHMeEpbI HCHOb3OBaHKA TeOpRH ONIMOOK CTaTHCTR- 
yeCKHX MOKa3aTeleH UHTAaTeIb HaligeT B KypCax MaTeMaTHYeCKOM 
CTaTHCTHKH. CM., Hamp., [6]. 
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PASHEJ IV 


KOMIMJIEKCHBIE TTIPHMEPbI HCIOJIbB3O0OBAHHSA 
KOPPEJIAWHOHHOrFO AHAJIH3A HA MPOKH3BO]UCTBE! 


eee 


ee 


PIUIABA XIV 


BA MAHHE XAMUHYECKOIO COCTABA HA YIAPHYIO 
BASKOCTb CTAJIH ? 


§ 1. YaapnHaa BA3KOCTb CTaH 3aBHCHT OT TexXHOJIOrMadecKoro 
mpowecca BbINIaBKH HW Mepesela cramu, ee XMMHYeCKOTO CoCcTaBa HU 
TepMHYeCKOH OOpaOoTKH. XUMMYeCKHH COCTaB CTaJIH, KaK M3BeCTHO, 
OKa3bIBaeT CYHIECTBEHHOe BIMAHHE Ha ee YAapHy!O BA3KOCTb. OObIYHO 
IPH 9KCIe€PHMeHTAJIbHOM HCCJIeOBaHHU BJIHAHHA COJepwKaHHA KaKo- 
ro-H6O XHMMYeCKOrTO 3JIeMCHTa Ha BeJIMUHHY YAapHOH BA3KOCTH 
CTaH He yRaeTCA COXpaHuTb COsepmRKanve APYrHX BIeMeHTOB Ha No- 
CTOAHHOM yposHe. Tlostomy BHAHHe H3yYaemMOoro XHMHUeCKOrO 3VIC- 
MeHTa HCKaKaeTCA BIHAHHEM JPyFHX IICMEHTOB. 

O6pa6oTKa OMbITHDIX TAHHbIX HW JaHHDBIX TeKYLIerO KOHTPOWA C HO- 
MOULbIO M€TOOB MATeMATHYeCKOM CTaTHCTHKH JJaeT BO3MO%KHOCTb 
yCTAHOBUTb CTeM€Hb BMAHHA Ka%KOPO H3 XHMMUCCKHX 3JIeEMEHTOB 
Ha BeJIMUHHY YAaPHOH BxA3KOCTH IIPH 3aKkpelieHHH Ha MOCTOAHHOM 
ypoBHe COepKaHvA APyPHX XUMMUNCCKHX S/IEMCHTOB. 

Sanaueli HacTOMUerO HCCIeROBAHHA ABIAeTCA YCTAHOBJICHHE 
BIHAHHA COMepxKaHWA KAKMOTO HS XHMMYECKHX WICMENTOB Ha YAap- 
Hyio BA8KOCTb craM 8OXICA nyrem KoppeIAWHOHHOrO aHas3a Ma- 
TCPHaJOB TeKYWerO KOHTPO.IA T1aBoK. PenienKe 9TOH 3a7a4uH MO3B0- 
muito Opt Gomee OOOCHOBAHHO DOAOHTH K YCTaHOBJIeCHHIO TeXHHNe- 
ekux yerosnit (TOCT 4543--48) Ha coqep2Kanve XHMHYECKHX 3JIe- 
MeHTOB B cTastH 30XICA c wesbio NowyucHHA HalJIyUINHX CBOHCTB 
tocesHeH. 

MarepvasoM HCCIeROBaHHA ABHJIHCb Jalible KOHTPOJIBHBIX HCTIBI- 
raHnit 220 miapok cTaJM, MpoBeyqeHHLIX 3aB0f0M «Cepl H MOJIOT>. 
Bp HCNOJb30BaHbl CeMyIoulne MavHble MPOTOKOJIOB HiclbITaHHu 





1B yereepToM pa3fete 3Ha4OK «O> B OOO3HAYeHHAX TCOPCTHYCCKHX NOKa- 
satTeseH Aaa yupOULCHHA 3amucH onmycKacTcs. 

29 HW. Jlyxomexul, H. K. JicGeacena, P. B. Katrkosa, «CrTan- 
sjaptusanusae No | a 2, 1954. 
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KaKIOH MlaBKH: HOMep Me4uv, pa3sMep H NpOdwb MpokaTaHHblx 
MpyTKOB, XHMMYeCKHH COCTaB CTaJIH KaxKOM MW1aBKH, cmocoO npuro- 
TOBICHHA OGpa3zua (MoMepeKk HIM BAOb BOJIOKHA), Pe3yIbTaThI HCIIbI- 
TaHHH KaxKOH WiaBKH Ha YAapHylO BASKOCTb NO ABYM OOpa3ilaM. 
Bce mlaBkKw Obl MpOKOHTpOJMpoBaHbI Ha yapHylo BAS3KOCTb Ha 
NIPOMOJIbHEIX O6pasuax H 116 “3 HHX — Ha MonepeyHEIx oOpasiax. 

Kak BbIIUe@ YKa3bIBaJIOCb, IPpCABaPpHTeJIbHbIM YCJIOBHEM Ka?KOTO 
KOPP@JIAIHOHHOTO UCC/I@HOBaHHA ABJIACTCH, BO-MepBbIX, MpoBepKa 
OMHOPOAHOCTH Nosexalulero oOOpaboTke MaTepHasia H OTTpaHHueHHe 
HEOJHOPOXHBIX TpynN, KOTOpble AOJMKHbI ObITh HCCMeEAOBaHb! pa3- 
JI@JIbHO; BO-BTOPbIX, yCTaHOBJeHHe OGaCTH H3MeHeEHHA Mpv3HaKkoB 
HM XapakTepa HX H3MeH4MBOCTH. PelleHHe yKa3aHHbIX BOIMPOCOB H SB- 
JIAMOCh COMepKaHveM TepBoro sTana paoorwl. 

§ 2. Tlo cymectsyioujum yciopuam mpwemKu cramu 3OXTCA 
Kawklad MapTHA-WwlaBKa KOHTPpOJIMpyeTca MO yHapHOH BASKOCTH Ha 
AByX OOpa3suax Tuna Menaxke, npomeqluHx OMMHaKOBylo TepMHue- 
ckylo o6pa6oTKy (3akaiKa 890°, ormyck 510°, oxmamxaeHHe B Macue). 
3a MOKa3aTe/lb YAaAPHOH BAS3KOCTH Mw1aBKH NPHHATO cpefHee 3Hade- 
HHe ee AIA OBYX OOpa3l0B AaHHOH MaBKH 


= ay + ap, 
By epea = 2 : 
B nanbHefiliem H3IOKeHHH MO BeHYMHOH yapHO BA3KOCTH 
llaBKH OyeM MOHHMATD 4, , 


Jina mpopepKu OMHOpOsHOCTH MaTepHasa OBO NpoBeeHO CoMo- 
cTaBieHHe moKa3aTeleH YMapHOH BA3KOCTH CTaJIH, BbIMIaBJICHHOH 
B Pa3JIHUHBIX OJHOTHMHBIX OCHOBHbIX MapTeHOBCKHX Meuax cpeqHea 
emKocTu. Pacnpegesenue YeTbipex rpynl W1aBoK NO BesIHYHHE yAap- 
HOli BH3KOCTH, OTBeYalOllee YeTLIPeM pa3IHUHbIM neyam (puc. 70), 
MOKa3bIBaeT, UTO BCE Me4YH WaloT NPOAYKIUMIO, OAMHOPOAHy!0 NO BeH- 
unvHe yaapHon BaskocTu. Ha puc. 70 MpHBefeHbl TakKxKe OCHOBHBIC 
NapaMeTphl pAOB pacipeseieHuA yapHOH BASKOCTH AWA KaxkiOou 
M3 YeTHIPex neve: CpeqHHH MoKa3zaTeJb 


— Lxm 





“=m 


H cpemHee KBagpaTHyeckoe OTKJIOHCHHE 


a py (x —x)?.m 
=m : 


OueHKa HaH6onbllero pacxoxKeHHA 3HayeHHH cpeaqHHx apudme- 
THYECKHX C MOMOLIbIO KPHTepHA 3 
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a : —— — 


¥=67) 
G,=1,47 





2 3 4 § 6 7 8 $F 0 TQ, Kemfor? 


X, 6,06 
51,51 






yacmomea 
Ss 
yoy ~~ 


10 Mt @,, Kem/en? 





X,=6,17 
6; 21,12 


QOmHotcuMeA b&b H | B 


Cs 6 se oe ao 1! Q,. xem/em? 


X,=6,28 
G,=419 





— LL. 
li) a. Kem fom? 
Puc. 70. Pacnpeaeaenue yuapHoh BASKOCTH 10 oTzeAb- 


HM NevamM 
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yi CPpeMHHX KBalpaTH¥ecKHX OTKOHeHHA C MOMOUIbIO KpHTepus ' 


—<—s 


| Sq — G5 | 
bo 3 >> 
5, = Sg, 


nOKaSHBaeT, YTO OCHOBHHe NapaMeTphI pxAAOB pacnpeneeHHA, xapak- 
TePH3YIOWIHX KAYeCTBO BbINIaBIeHHOH B KaxKJOH u3 neve cTadH, 
OTAMYAIOTCH pyr oT Apyra B Mpemenax cayyaHHHX oTKOHeHHA 


(u < 2,6). 


a, xenjeu* 





Pasmep npymna 8 Mm 


Puc. 71. SazncuMOCTb MEX AY YRapKOH BASKOCTHIO 
H pa3MepuM HpytkKa 


He o6HapyXeHO TakxKe CKOJbKO-HHOyAb CYUIeCTBeHHOM 3aBHCH- 
MOCTH M@XKAY BEMYHHOM yAapHoO BA3KOCTH H pa3MepoM MpyTka. O6 
3TOM CBHeTeIbCTByeT puc. 71, Ha KOTOPOM HpescTaBseHo moe Kop- 
DeIAUHH MeXxKAY pa3MepOM MpyTKa H BeAMYHHOK yapHOH BASKOCTH. 
CpemuHee 3Ha¥eHve yAapHOH Bx3KOCTH B KaxKMOH U3 rpynn copta 
ocTaeTca NpaKTHyeCKH MOCTOAHHHIM. Hameuaercn JHUIb, Ha nepBhiit 
B3rIAd, HeOObWaA TeHJeHUMA K YMeHbIUeHHIO yapHOH BxA3KOCTH 


1Cm., Hanp, B. H. Pomanosckuit, IipHMenenve MaTeMaTHY¥eCKOR CTAa- 
THCTHKH B OMBITHOM geste, 1947, ra. 4 H 5 
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—, 
— ee ee a 7 ee eee we ee ee ee 


a5 re 
| 
} 








re © On © 
hs. 2 Cc = Na Ory ~~} 
~ Ny oY =e ory cr) or) Cry aes > a 
Co Cr CS an 3 ces § aan coon > > oS > 
s o 
Codepaanue yenepoda B % 


| 
| 
: 


nA aR wee, 





oY GS 
Codepwanue xpoma 8 % 


Puc. 72. Pacupegenenue 220 naapox craan 3UXICA no conepxKannw 
B) MaprakHua, 
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Pa a 5 





Oe ce Og Se = 





50 / 
60 
30 
20} / 
; Athy sh 


"% Ww) 
ne a Ls) 
S ~ ~ 

ew 


0,865 -—— 
ms 
0.985 


< 
n 
Ss 


id 5 a i eS 


Codepwanue xpennus 8 % 


12251 (94 
1265 | = 


XHMHYCCKHX 9AeMEHTOB: 4) yraepona, 6) xpoma, 
r) KpeMHHA 
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daemoma 





Codepmanue pocpopa § % 


% 





mM: 

60 

30 

ee ! 
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Puc, 73. PacnpegeaeHHe miaBok NO comepxKaHHw: 


te ee ee 
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a pe nh nL 





Codepwanue nuxena 8 % 
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Codepwanue nedu 8 


a) docdopa, 6) cepbl, B) HHKeAA, FT) MeAN 
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AJA OTHOCHTEJIbHO OOJbINMX pa3MepoB HpyTKoB. OgHaKo Koadpdu- 
IKHCHT KOPPeJIAWHH *, XAPAKTEPH3YIOWIMH TeCHOTY CBA3H MexKLy pas3- 
MepOM COPpTa HM BeHYHHOH YapHOH BA3KOCTH, OKa3hIBaeTCA MpakTH- 
YeCKH PaBHbIM HyJ10 (r=0,014 npn BetHunHe CJlyuaHHOol KBagqpatu- 
yeCKOH OWHOKH o, =0,067). 

Ha OcCHOBaHHH MpoBeeHHOrO M3YYeHHA OAHOPOAHOCTH HccleMy- 
eMOro MaTepHaJia Obl CelaH BbIBOA, YTO MPH YCTaHOBJIeHHH HCKO- 
MbIX 34BHCHMOCTeH M@KAY BEIMYMHOH YapHOM BASKOCTH H XHMH4Ye- 
CKHM COCTABOM CTaJIH pa3JIH4HA B pa3sMepax MPyTKOB WH HHAMBHAYaJib- 
Hble OCOOCHHOCTH IWlaBHWJIbHbIX arperaTOB He HapyllaioT OAHOPOHO- 
CTH MaTepHawa. 

HyKe MpHBOAATCA pesyJIbTaTbl CTATHCTHYECKOrO H3YUeHHA H3MeH- 
UHBOCTH XMMHYeCCKHX QIeMeHTOB 220 muaaBok ctanmH 30XITCA. Ha 
puc. 72 u 73 npegcTaBaeHbl pAALI pacnpemeseHuA MiaBOK No comep- 
%KAaHHIO XMMHYECKHX JeMeHTOB. B Taw. 64 cBemeHbl CTaTHCTHYeCKHe 























Ta6auua 64 
Sh CraTuctTuyeckne 
i NOKaga Ten he 
Se X + ee 5 + a, A +o, 
XHMHYECKHE ee 
37@MeHTDI eo | 
Yrnepox (C).. +... : 0,32+ 0,001 0,018 + 0,001 0,02+0,17 
Xpom (Cr). ...... 0,94-+0,004 0,062 + 0,003 0.17+40,17 
MapraHeu (Mn) .... 0,93+0,004 0,064+0,003 0.00440,17 
Kpemunli (Si) 2... . 1,08 +0,04 0,065 +0008 0,.28+0,17 
Pochop (P)...... 0,0224 +0,0003 0 ,0038 + 0.0002 | —0,78+0,17 
Cepa(S) ....... 0,0227+0,0002 | 0,00254+0,0001 | 0.77+40,17 
Hukeap (Ni)... . 0,162 +0002 0,028 +0,001 0,58 +0,17 
Menp (Cu) ..2 2.2. 0,219+0,002 0,031 40,01 0,32+0,17 
I] podoamncenue 
se CratTuctTueckne 5 
oS uoKa3aTean : Neale seats . 
aig aie E+ tp V + oy 10 FOCT 
X v Fok C 
aaeMenTH | 4543—48 
Yraepon (C)... 2... 0,22+ 0,33 5,74+0,27 0,28—0,35 
Xpom (Cr) ..... 0,104 0,33 6,0640,32 0,80—1, 10 
MapraHen (Mn) .... 0,014+0,33 6 ,8730,33 0,80—1,10 
Kpemunit (Si)... . 0,15 +0,33 6,05 +0,29 0,90—1,20 
Pocop (P) ...... 0,454 0,33 16,93 + 0,83 <0,035 
Cépa. (9) ce & 2 es 0,03 10,33 10,95+0,53 <0,03 
Hukeab (Ni)... 2. 1,62 -0,33 17,0+0,83 <0,40 
Wenn (CU) Oe ae we 1,3140,33 13,9140,68 <0,25 
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HOKa3aTeJiM, XapakTepH3syloulhe 39TH PxAbI pacnpelwevieHHA: CpeqHAx 


apHqdpMeTHyecKand X; CpeHee KBapaTH4ecKOe OTKIOHEHHE 0, MOKa- 
3aTe.lb AaCHMMeTPHH 


3 
A=-3 3 
93 
L(*<— xm 
ai oa aa 
moKa3zaTeb sKcuecca! 
| eee ee 
ot , 


E(x —x)4m 
Lm 
HHe KBalpaTH¥eCKHe OWHMOKH STHX MOKasaTemenh 


G 
roe p,= ; KoadpunHeHT BapHanHH V — 100 — H cped- 


6. 
— Y 
n 








go o= 


G Co 
* Yn ° YVIn 


a =, fa blag 
n y 2n 100 / 


B tra6snye yKa3aHbl TakyKe JONYCTHMble CTaHAapTom Mpesesni 
COMepKaHHA XUMHYECKHX BJIEMCHTOB CTAJIM. 

Ha ocHOBaHHH MpoBeyleHHOoro HCCeMOBaHHA M3MeCHUHBOCTH XHMH- 
YeCKHX QJIEMeHTOB ObIIH CHeaHbl CIeMyIOWNe BbIBOABI: 

1. PacnpeneeHua mWw1aBoK MO COfepxKaHHIO yrulepowa, xpomMa, 
MapraHila, KPe€MHHA, JIA KOTOPbIX yCTaHOBJIeHbI ABYCTOPOHHHe JO- 
NYCKH, XAPAKTePH3YIOTCH KPHBbIMH, YAOBJIETBOPAIONIMMH HOPMaJIbHO- 
My 3aKOHY pacnpejeeHua; MOKa3saTeIH ACHMMeTPHH HM 9KCHeCCa AA 
THX KPHBbIX He3HAYHTCIbHbI, HX 3HAYCHHA HaXOWATCH B Mpemesax 
cyyaliHbix OWM6OK 3THX MoKasaTeteH. KoweOemocTb MpoleHTHoro 
CofepxKaHHuA STHX ZeEMEHTOB COOTBETCTBYeT YCTAHOBJICHHBIM TeXHH- 
YeCKHMH YCJIOBHAMH omycKaM. CpefqHve 3HaveHHA MpOWeHTHOTO CO- 
NepKaHHA MpPpHMepHO COOTBETCTBYWOT CepeANHaM MOJleH MOMyCKos. 
KosduvuveHTbl BapHallHH HaxOsATCH Ha ypoBHe 6—7% OT CpeqHAX 
3HaYeHHH MPH3HAKOB. 

2. PacnpemeeHua OCTaIbHbIX XHMHYECKHX D/eMeHTOB: cocopa, 
Cepbl, HUKeId, MeH, JIA KOTOPBIX YCTAHOBJICHbI OMHOCTOPOHMHHE 
WONYCKM, OTAMUAIOTCA OT HOPMadbHoro 3akoHa. KospPuUneHT! Ba- 
PHA COMepRKAHHA YTHX SICMEHTOB HaXOMATCH Ha YPOBHE 11-17% 
OT CpeQHHX 3HaueHHH. 

PacnpemesleHHe M1aBOK MO COMepKaHHIO MCA OKa3aJIOCb C «OT- 
pe3aHHbIM»> MpaBbIM KpaeM, TO CBHAETEIbCTBYCT O HeNPaBHJIbHOM 


—_— 


? 


sn y/ 





1 © noka3aTemax acuMMeTpuu u aKcuecca cM. [6], [7], [8], [10], [11], [12]. 
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Yacmaoma 





REET pert 
030 070 410 1450 190 230 276 312 350 
Ydopnas basxocms Qy money, KeM/cM® 


Puc. 74. Pacnpemenenne miaBoK NO yRapHO: BA3KOCTH: 
a) Ha NPOAOALHHIX OOpa3uax, 6) Ha NonepeuHyx o6- 
pasuax 
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OTHECeHHH HeKOTOpOrO UHCa MW1aBoK (Mpw XHMHYECKOM aHaJH3e) 
C NPOUeHTHEIM’ cOfep2xKaHHeM Mea (MpeBOCXOAAIHM NpeserbHyl0 
Bemuunny 0,25).K 3sHayeHHam 0,25. MakcuMabHoe cofepxkKaHHe HA- 
KeJIA, Cepbl H cocthopa He MpeBbllaeT YCTAHOBJICHHEIX TeEXHHYCCKHMH 
YCJIOBHAMH JOMYCKOB. 


Vi3MeHYHBOCTb YRapHOH BASKOCTH H3yIalaCch OTMeCMbHO JIA HC- 
NHTAaHHA Ha MpOMOMbHEIX HW NoMepeyHEIx OOpasmax. Ha puc. 74 npu- 
BeJICHbI COOTBETCTBYIONHe KPHBble pacnpesetenua, a B Tab. 65 anh 
OCHOBHbIe MapaMeTpbl STHX pacnpesenenuh. 


Jina ynapHoh Ba3KOCcTH B NpOAOAbHEIX OOpasuax (a, npoa) Oblia 
ycTaHOBleHa KpHBad pacnpemeseHHA, HECKOJIbKO YKJIOHAIOWAaACA OT 
HOPMaJIbHOM opMBI, c BEICOKOM BepumMHOH (E=0,83). Oto oTKAO- 
HEHH€ MOXKHO OObACHHTb HeMpaBHJIbHbIM OTHeECeHHeM sa6opaHTaMHu 
qaCTH 3aMepoB Cc a, MeHee 5 Kem/cm? B HHTepBat OT 5 Mo 6 KeMm/CM?, 
T. @. B Move onycKa, Kak 9TO OTYeTIHBO BHAHO MO KpHBOH pacnpe- 
menenua. Kpupad 3HauHTebHO BbIXOZHT 3a JONyCKaeMble Npeevibl. 


Ta6auua 65 


a 


Tloka3aTeav pAXOB paciipexereHuaA yapHOH BASKOCTH 


eee ene Soe Eee, er Ae 
o+, | A+t ca, E- og V toy 
ee 
Mponoapupie | 6,3540,10 | 1,440,07 | 0,02+0,17 0,83+0,33| 22,03+1,10 
onepeunpie | 1,45+0,06 | 0,61+0,04 | 0,50+0, 23 —0,48+0,45| 41,99+3,2 


O6pas3ub - 
xX+oy 











Jaa n1aBoxk, HCMbITaHHbIX Ha MOMepeyHbIx OOpasiax, HMeeT MECTO 
peskoe HeEcOOTBeTCTBHe NOJIA pacceAHHA KPHBOM pacnpefedeHuA Tex- 
HHYeCCKMM YCJIOBHAM. 

Kpusaa pacnpeyzeneHua yqapHom BaA3KOCTH B NoMmepeyHbIx o6pas3- 
Wax (Ax noneper) HMCeT BUX, XAPAKTePHBIN DIA paclpemeeHHA Tak 
Ha3bIBAeMBIX CYILe€CTBEHHO MOJIOMKUTEIbHBIX BeIHUMH, T. €. BeJIM4YHH 
C ONHOCTOpOHHeH BapHalnen. | 

§ 3. Konequof esbio HCCIeqOBaHHA ABIAIOCb YCTAHOBJICHHE 
KOMIVJIEKCHOH 3aBHCHMOCTH Mey yHapHOM BA3KOCTbIO H COfeprKa- 
HHeM HeCKOJIbKHX XHMHYeCKHX duleMeHTOB. JIA pellleHHA 93TOM 3a- 
mau HeO6xOZHMO O6bIWIO MpeABapUTe/IbHO H3YYHTb NapHble 3aBUCHMO- 
CTH M@XKY yapHOH BA3KOCTbIO M COMepxKaHHeM KaKOrO XHMMHYE- 
CKOrO 3JIEMeHTa B OTICJIbHOCTH, a TaK*Ke MeKAY COMepKaHvem pas- 
JIMYHBIX XHMHYCCKHX 3JICEMeHTOB. 

Jia ucclemoBaHHA KOPpeAWHOHHOM 3aBHCHMOCTH Me@KTy BeJIH- 
UMHOM yapHOH BASKOCTH MH COMep%KaHHeM Kak MOTO W3 XHMHYECKHX 
9JIEMCHTOB MPOW3BOAHJIOCh NOCTpoeHHve Moseh KOppeIALHH (puc. 75 
u 76). 

Viccnenosanne opMb! CBA3H MPOH3BOAHIOCh MyTeM MOCTPOCHHH 
H aHasiH3a IMMMPH4eCKOH JIMHUM perpeccHy. 
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M3 puc. 75 4 76 BHAHO, YTO AMHHM PerpeCcHH Ay npg H a, sanaped 
NO COepKaHHlO KaxKOrO H3 BIeEMeCHTOB HMeIOT MpHOJIH2KeHHO MpAMO- 
JIHHeHHbIM XapaKTep; Ha PHCYHKaX MPHBeACHb! TeopeTMyecKHe JIHHHY 
perpeccHH H HX ypaBHeHHaA. 

B kauvecTBe MoKasaTea TeCHOTLI CBA3H Onpeseaica Kospipn- 
WHEHT KOPPeJIALHH TF 


C 
r—b-—+., 
Cy 


CnyyatHaa cpeAHAA KBagpaTuyeckan omwH6Ka Kospdumneuta 
KOPPe@JIALMH ONpefesalacb mo dopmyvie 


ee or Gi 


no 





o, 
KputTepHH HafexKHOCTH KOSPDUUNEHTAa KOPPeJIAWMH paccuHTHI- 


= 4 9 
Baca KaK p= +—. Ec ut > 2,6, cBa3b MexK AY NpH3HakaMH CUHTAa- 
S, 








Codepwxanue C 8 % 
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Codepwanue Mn 8 % 






Codepxanue Cr 6 % 


20 @. 1. Jlyxomcxua _ 3805 
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‘ ’ (Puc. 76) 
. ane y 
3,10 Se EROROHaEE 
2,70 LET. =: 
2,30 a | ! 
190 eA ce | 
150 ai RN i 
Pa. ior ime ; 
prey - Ps c c Lose 
1,10 md ee 
0,70 - EARRESRa : 
030 deb [et | 


0265 0285 = 305 s8258SS*«C«SNSSC*C*« OS 
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4) 
a, nonep. 


7=~0,220 
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Puc, 76. 3aBHCHMOCTb Ag nonep OT COMEPKAHHA XMMUACCKH 
gnemMeHToB: a) yraepoma, 6) xpoma, B) dochopa 


facb He caydyaiHo. B ra6n. 66 npHBezeHbl KOS(PPHIUHeHTHI _KOppe- 
AWM M@KAY YLAapHOH BASKOCTbIO H COMepmwKalhem KaxkKA0ro H3 XH- 
MHUCCKHX QJIEMCHTOB. 

B pesyibTrate mposeseHHoro HCcIeqOBaHHA ycTaHOBleHa CyLile- 
CTBeEHHAaH OTPHWaTeIbHad 3aBHCHMOCTb MEK yHapHO BASKOCTbIO 
Ha MpOMOMbHbIX OOpasiax WM CoslepxkaHHeM CAeMYIOIHX XHMHYECKHX 
9JIeMeHTOB: yrulepoda, XpoMa, MapraHia, tboctbopa. He BnouHe Ao- 
CTOBEPHOH OKa3aJlaCb 3ABHCHMOCTb MCKAY yapHol BASKOCTbIO H CO- 
jlepxkaHveM KPeMHHA. HenocTopepHbIMH ABJIAIOTCA 3aBHCHMOCTH 
yRapHO BA3KOCTH OT Cepbl, HHKeAA MH MedH. 

Jina yaapHoii BASKOCTH Ha MOnNepedHbIx o6pasiax oOvnapyxKeHa 
IMIb OHA CyWecTBeHHad OTPHWaTeIbHad CBASb C comep2KaHvem 
tpoctbopa. 3aBHCHMOCTH MCKAY yapHolt BASKOCTbIO H XPOMOM, ylap- 
Hol BH3KOCTbIO H yruiepoJOM He Bose HaeeKHbl. 

BsauMocss3H MexKAy comepKanHveM pa3IM4HbIX XUMHYeCKHX 3J1e- 
mentos Bp ctamu 30XTCA uccieqoBaJICb AHANOPHUHbIM O6pa3omM. 
B ta6n. 67 cBeneHbl KOOpPMULMMeHTH! KOPpeJIALHH MerxKAy COMepxKa- 
HWeM XHMHUCCKHX JJIEMCHTOB. 
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Ta6auya 66 


Kosdonunesthi KOppeAARHH M@KAY conepoKaHnem 
XHMBRYCCKHX SACMECHTOB H BETHYHHOR 
YaapHoh BRSKOCTH 


YaphaA BASKOCTD 








XHMHYecKHE 

91@MCHTDI B gee B pete 
fee nee Seer SMR SAU ei ares 

C —0,448 —0,209 

Cr —0,416 —0,220 

Mn —0,394 —0,137 

P —0,245 —0,330 

Si ~0, 122 —0,016 

Cu —0,044 —0,159 

S —0,037 —0,134 

Ni —0,015. —0,012 


Tpumewannue. Jlocrosepuuie sasucumoctn 


NOAYVEPKHYTHI. : 


Ta6auya 67 


Koopduunente Koppeaanun Mery colepkaHHem 
XHMHYECKHX 9JIeMeHTOB 


—Lelel™[*f«]@]e]© 




















Cc Cr Mn P Si Cu S Ni 
sg 
C * | 0,293 | 0,430 | —0,051] 0,182 | —0,014 | 0,024 | —0,03 
Cr; 0,293; * | 0,357 | 03228} 0,038} 0,03 | 0,040! 0,06 
Mn | 0,430] 0,357] ~ * 0,109} 0,187 | —0,084 | 0,117 | 0,02 
P | —0,051 | 0,228] 0,109 * | —0,241} 0,043] 0,047 | 0,06 
Si} 0,182 | 0,038 | 0,187 | —0,241 * | —0,064 | 0,130 |—0,07 
Cu | —0,014/ 0,03 | 0,084 | 0,043] 0,064] * 0,104 |—0,11 
S | 0,024] 0,04 | 0,117°| 0,047] 0,130] 0,108] * | 0,07 

Ni | —0,037 | 0,06 |—0,029 | 0,067 | —0,07 | 0,112! 0,07 | # 


Hcceqopanue noKasaso, ro uMeIOoT MecrTo CYHIe€CTBeHHbIe Noso- 
KUTEBHBIC 3ABMCHMOCTH ME@XKAY COmepKaHHeM yraepona yu xpoma 
(r=0,293), yrmepoqa u MapraHua (r=0,430), xpoma u Mapranua 
(r=0,357), xpoma u cbocdopa (r=0,228), Mapranua wu KpeMHus 
(r=0,187), yraepoga wu kpemuua (r=0,182) u OTPHIlaTebHan 3a- 
BHCHMOCTb MexK]y MocPopom u KpeMHHemM (r=—0,241). Octanbune 
KOSPMHUMEHTE! KOPPeIALMH CTAaTHCTUYeCKH He JOCTOBeDHBY 


ee < 2,6) : 
op 
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JluHuu perpeccuH JI BCeX 9THX 3ABHCHMOCTeH OKa3aMHCb MPH- 
SAWKEHHO TIPAMOJIMHeHHBIMH. 

B npvBefeHHBIX paHee MapHbIX 3aBHCHMOCTAX Me ylapHoa 
BA3KOCTbIO H COfepKaHHeM XHMHYECKMX DICMCHTOB BAMAHME COep- 
X*KAHMA KaKLOrO QICMeHTa Ha YapHy!lO BA3KOCTb HCKaKaJOCh HeAB- 
HbIM BAMAHHeM COMYTCTBYIOWIHX QIeMeHTOB. O xapakTepe STHX CO- 
NYTCTBYIOWHX BAHAHHM TOBOPAT TaOMHIbI KOSPPUUMeEHTOB KOppela- 
unu (cM. Ta61. 67 u 68). 

Hanpumep, KaxKAblii 13 ABYX XAMMYCCKHX 3JICEMeHTOB — YTJIepon 
H XPOM — OTPHUAaTeIbHO BAHHeT Ha BeJHYHHY YRapHOH BA3KOCTH. 
Mexly ia3BaHHbIMH XHMHYCCKHMH 3JIe¢MeHTAaMH o6HapyxKeHa cyllle- 
eTBeHad MOMOKUTeIbHaA 3aBucuMocTb (r=0,293). IIpu ycTaHoB.te- 
HHH MapHOi 3aBHCHMOCTH Me?KAy comepmannemM yrviepoa (C) H 
yAapHOli BA3KOCTbIO (@,) KOPPeJIALMOHHO CBA3AHHbIN C yrviepo/lOM 
XpOM H Jipyrve XHMHY¥eCKHe 9JICMeHTHI OKa3bIBa}OT HeABHOE BJIMAHHE 
Ha CMY CBA8H M@KAY a, HC, u, HAOOOPOT, 3ABHCHMOCTh MeXKAY CO” 
yepoKaHHeM XpOMa H BeJHYHHOH yapHow BA3KOCTH HCKaKaeTcH 
BAMAHYeEM yrvlepojla M APYTHX KOPPCAALHOHHO CBASAHHBIX C XPOMOM 
XHMHYECKHX JJIEMCHTOB. 

Samaua, ClehOBATeJIbHO, COCTOSJIa B TOM, YTOOLI OCBOOORHTbLCA 
OT HCKaxKaloulerO BMAHHA COMyTcTByIOWWMX CakTOpoB WH NOAYUHTb 
UCKOMBIe 3ABHCHMOCTH B <UHCTOM> Bue, T. €. MPH 3aKpellvIeHHH CO- 
lep%KaHWA NPOUHX 9IeMeHTOB Ha NOCTOAHHOM YPOBHe. Bropas 3afaua 
COCTOHT B OMpeseeCHHH 3aBHCHMOCTH yAapHOH BASKOCTH OT KOMOH- 
HalHH XHMHMYECKHX JJIEMEHTOB. | 

Ode 2Tu 3alauM pelllaioTcd HaxOwKJeHveM YpaBHeCHHA MHOKCCT 
BeHHOH perpeccHH. 

HanGoulee cyllecTBeHHO Ha yapHyl0 BA3KOCTb BAMACT COMEpsa- 
nue C u Cr. Tlostomy B mepBylo ouepenb Oplia M3y4eHa 3aBHCH: 
MOCTb MEKLY yapHOH BASKOCTHIO H KOMOHHALHeH STHX SJIEMCHTOB, 
uMeloilad BHA 


X1,03 == b, + 02x. 4+ b3X3, 


re X>, X3— comepxanue C 4H Cr; 
X1,93 — COOTBeTCTByIOMee HM CpeZHee 3HayeHHe 4,, 
b,, by, b, — KoapPuNNeHTb! ypaBHeHHaA perpeccHyy, NOME *K alle 
ompeevleHHto. 


Bpioop HHeHHOH OpMbI ypaBHeHHA MHO2KeECTBEHHOM perpeccHu 
o6yculoBleH TeM, YTO TapHble 3aBHCHMOCTH Mexny a, HC, a, H Cr, 
a Take Mexuy C u Cr umMewT MpHOsH2KeHHO IIPAMOJIHHEHHBIN Xa- 
pakTep. 

Jina ycTaHoBJIeHHA CTeMeHH BUIMAHHA KaKAorO U3 ABYX XHMH4e- 
cKux sfemeHToB (C uv Cr) B OTAeIbHOCTH Ha BeJHUMHY yRapHou BsA3- 
KOCTH IIPHMeHAJIOCb IIpHBeeHHe MepeMCHHbIX K cTaHLapTH30BaHHOMY 
MacuiTa6y mo dopmyuie 

pi *=3 


— 





1) 
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YpaBHeHHe MHOXKECTBEHHOM perpeccHH B COMOCTABHMBIX eHHHILAaX 
UMeeT BHA: 


ty. 23 = Bot, + Byts, rae HCKOMBIe napamerpy 8 u 8, AB.AIOTCA 
KOPHAMH CHCTEMbI ypaBHeHHhA: 


Yo = By + B3r 93, 
P31 = Palos + Bs, 


Pe 721, 731, fs3 ~ KOSPDHUHEHTE! KOPpeANHH MeKAy mepemMeH- 
HBIMH X), Xq, Xz, 


IlogcTraBAAa 3HaueHHA KOSPPUNHeHTOB KOppenaunH waa C u Cr 
H3 Ta6. 66 u 67 u pellias cucTemy ypaBHeHunt 


— 0,448 = B, + 8,+0,293 
— 0,416 = 8,-0,293 + 8, |’ 


nomy4HM B= — 0,357 uw 8, = — 0,312. 


TakHM 06pa30M, OblWIO-yCTaHOBJIeHO, YTO BJIMAHHe KOMOHHALMH 
cofepKaHHA yrulepoya H XpOMa Ha BeIHYNHY yTapHO BxA3KOCTH BLI- 
paxkaeTca ypaBHeHiem 


fi. 23 = — 0,357, — 0,312t;. 


Kosuuvents mpu fp u fz MOKA3bIBaIOT, KaK MeHAacb Obl yAap- 
Haf BASKOCTb B 3€BHCHMOCTH OT COepKaHHA OAHOTO M3 paccmaTpH- 
_ BaeMbIX QICMEHTOB, CCIM Obl COMepxKaHHe BTOPOrO aeMeHTa OBI 
3akpemsleHO Ha MOCTOAHHOM ypoBHe. Mpl BHAMM, 4TO C yBesHYeHHeM 
cOfepKaHHA yrviepowa Ha ero cpegqHee KBalpaTuyecKoe OTKIOHE- 
HHe (0) yapHad BA3KOCTb YMeHbiwaeTcaA -B cpemHem Ha 0,357 cBo- 
ero cpegHero KBapaTHyeCKoro OTKJIOHEHHA, a C yBeMYeHHeM CO- 
epkaHuA xpoMa Ha oO YapHand BA3KOCTb YMECHbIWaeTCA COOTBETCT- 
BeHHO Ha 0,3120. CaeqoBaTenbHO, CTeMeHb BJIMAHHA yraepona mpu 
NOCTOAHHOM XPOMe HECKOJIbKO Ooviblle, YEM XPOMa MPH NOCTOAHHOM 
yralepoze. 

Mertoguka pacuerd ypaBHeHHA MHOKeCTBeEHHOM perpeccuu c 6oNb- 
WIHM KOJIMYUECTBOM MepeMeHHbIX OCTaeTCA TOH 2%Ke. Tak, 3€BHCHMOCTb 
BeJIHYHHbI yapHOW BASKOCTH OT NATH XHMHYECKHX 3/1eMeHTOB (C, Cr, 
Mn, P w Si) Belpaxkaetca B HaTypaJbHOM MacllTa6e cJleyIoulHM 
ypaBHeHuem: 


1, 234 = By +H gx, + bgxq + bx, + DyX5 -+}- bgX¢ 


HJIH B CTaHJapTH30BaHHOM MaculTa6e 


th, 234 —= Bots =P Bst, ar Byt, - Bf, + Bel. 
3l1 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


Tlapametpy §., Bs, 8,, B;, Bs HaXOMATCA H3 CHCTEMBI .1HHEMHBIX 
y paBHeHHA 


Poy = Bo + Balast+ Bulan t+ Boos + Beas } 
rs1 = Bars2 + Bs + Balsa + Boras + Bele | 
Fay == Bolan + Balag + Ba + Bolus + Porag }- 
r51 = Bol 52 + Balsa + Balsa t Bs 1 Bol'se | 
61 == Baca t Bales + Bales + Bove + Bo j 


Ha Besu4HHy KOIMMUUMeEHTA KOPPeJIALHH BIIHACT TOUHOCTb H3Me- 
PCHHH COMOCTABIACMBbIX IIPH3HAaKOB, T. €. HX BOCNPOM3BOAHMOCTb TIpH 
MOBTOPHbIX HCMbITaHHAX. CTemMeHb BOCIPOH3BOAMMOCTH WIM HajlexK- 
HOCTb T1OKa3aTeIA YRAPHOH BASKOCTH MOxeT ObITb OXaAPAaKTePH30BaHa 
KOIPMHUHEHTOM KOPPeJIAWHH MeKTY NOKasaTeIAMu YyapHOH BA3- 
KOCTH JBYX OMHOBPeMeCHHO UCIbITHIBACMBIX OOpa3zuoB, NosBepras- 
IUHXCA OJHOH U TOH Ke TepMuyeCKOH OOpaoorTke. 

IIpu nomomu stToro KosduuneHTa KOppeIALMH fr paccdHTDbl- 
BaeTCH MOKA3aTeIb HaexKHOCTH p Mo opMyule 





= 
i? 


IIpHBoaHM BbIBOA MOpMy.IbI WI NoKasateia p. Ilycth yaapHasa 
BA3KOCTb HCMbITHIBaeTCA Ha / OOpa3ziax (B Hallem cayyae /=2). 
O603Ha4HM Yepes 7 TeOpeTHYeCKHHK (MpedebHbI) KosdpHuHeHT KOp- 
PpeIHUHH MexKAY YapHOU BASKOCTbIO KaKDON Napbl OOpasioB, wepe3 
yy — TeOpeTHyuecKHH KOSPUUMeHT KOPPeJIAWHH MexKAy yapHoH 
BASKOCTbIO Kakoro-1H60 OOpa3sila x Hw COfepxKaHHeM XHMMHYeECKOTO 
aleMeHTa Y, H Yepes yy — TeOpeTHYeCKHH KOSPPHUNEHT KOPpeA- 
WHH Me@*KAY cpesHeH yapHOH BA3KOCTbIO xX Ha / OOpa3yax nu coxzep- 
?KAHHEM XHMHYECKOLO QICMEHTA Y. 


MooKHO OKa3aTb, 4TO 
ie i 


rs =F  ——__ , 
sy YY 1dr 
Orcrola 
r 
lim r_ =, 
ton Vr 


CreoBaTeIbHO, KOPPeKTHPYIOWMH KoOIpDUUHeHT 


r_— 


Sch Se een ir 
"lim rey _ I+(d—l)r 
lpa [= 2 a | 
+r 
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Koppexrupya MYTEM MeeHHA Ha p KOS*PDUUHEHTH KOpperAUMH 
YA@PHOH BASKOCTH C COMepKaHHeM XMMUYCCKHX SJIeEMEHTOB, Mosmyuaem 
MpPeACTAaBJeHHe O JeHCTBHTEbHEIX KOSPPNUNeHTAX KOppe@JIALLHH, KO- 
TOPHI€ HMEIM Obl MECTO, eCIN Obl yapHad BASKOCTS onpeneasach 
Kak Cp€QHAA He H3 JBYX, a 43 GecKOoHeyHOro MHOKeECTBA OJHOBpe- 
Me€HHO B3ATbIX O6pa3os. 

B Hawiém cayyae KoaspuuveHTE r uM Pp OKa3asucD: TAA yapHou 
BASKOCTH B MPOJOJIbHEIX OOpasnax r=0,853, =0,960: ana nonepeuy- 
HbIX OOpa3sn0B r=0,736, p =0,921. 

AvaJorM4HbIM 06pa30m KOppeKTHpyloTca Mapamertph B, B ypaB- 
H€HHAX MHOKECTBCHHOH perpeccuH 0 dopmyvie 


‘ 8; 
By = th 
aa: 


B ra6a. 68 npupezeHbt KoppeKTupoBaHHble KOS@MUUMEHTHI KOp- 
PpewAWHH M@2%KZy yapHOW BASKOCTbIO MH COJepxKaHvHeMm XHMHYeCKHX 














SJIEMECHTOB. 
Ta6auya 68 
Vaunececic Y 2apHad BA3KOCTH 

B NMpOMOAbHHIX | B NONepewHHXx 

See o6pa3uax o6pa3iax 

C —(),467 —0,227 

Cr -—0, 433 — 0,239 

Mn —0,410 —0,149 

P —0,255 —0,358 

Si —0 5127 —0,017 

Cu —0,046 —0,173 

S —0,039 —0,134 

Ni —0,016 —Q,013 


B ta61. 69 npuBoguTca cBoxKa nomyyeHHEIx ypaBHenui MHOxe- 
CTBEHHOH perpeccHv Cc NompaBKoh vu 6e3 nNonpaBku Ha HakexHOCT 
ONPeNeeHHA YapHOM BASKOCTH JIA KOMOMHALMM ABYX-NATA 9ue- 
mMeHToB (C, Cr, Mn, P, Si). Ilo sto ta6muue MoxHO IpPOCJIequTb, 
KaK YTOWHAIOTCA KOSPPHIHEHTHI PerpeccHH Ip aIeMeHTax 10 Mepe 
TOrO, KaK B ypaBHeHHe MHOXKECTBEHHONM perpeccHH BKJIIOUaIOTCA HO- 
BbI€ SJICMCHTHI, H, CJIEQOBATeJIbHO, BJIMAHHe KaxKOrTO 43 HHX Ha 
yRapHy!0 BASKOCTh «OUHWaeTCA» OT HCKaKalollero BJMAHHA CONyT- 

CTBYIOWIHX 3JICEMCHTOB. 

TecHoTa cBa3H yapHoi BaA3KOCTM Cc COkepxKaHveM BCeX 9s1eMeH- 
TOB, YHACTBYIOWMX B YpaBHeHHH MHOMKECTBEHHOM perpeccuu, H3Me- 
PHETCH COBOKYNHBIM KoaPPuuNeHTOM Koppenauun Ri. 93... | 

Copoxynuble Koap@ulverTh Kopperauun (HekOppekTuposaH- 
Hble), WaHHble B Ta61. 69, ompezetanuch no copmysie 


R1, 23...e= V Balay + Barig +... + are 


Tye & — KOanYeCTBO H3yYaeMBIX XHMHUYCCKHX 9CMeCHTOB. 
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Tabauua 69 
120 
523 13, 
Ose pa OX 
2 =| a 7 ao. 0 
KoanyectTBo YpaBHEHHA MHOXKECTBEHHOH perpeccnu or: x Ae = S 
= os — 
3.1@MEHTOB Qy npod WO XMMHYECKHM 3/1eMeHTaM : a3 as . 
5m re .~o 
wee 8 2S 
Omeel SE 
eS aoe 
Ooaeacg|aa 
S t;==—0, 4484, 0,448 
BE!" SO -AG TE, 0,467 
: 7, =~ 0,357t)—0,312t, 0,532 
om t, =—0,3724,—0,325¢, 0,554 
- : 7, = -0,245t,—0,269¢,—-0, 1714, 0,549 
pu f, —-—0,255fo—0,280t,~ 0, 178t, 0,572 
: | F — 0, 327t)—0 , 2224.0, 154¢,—0, 189t, 0,576 
ee | 7, = —(, 341¢,-—0,231t,—0, 160¢,—0, 197¢s 0,600 
7 i, =—0,320t,—0,220t,—0,139¢,—0,2164,—0,081f, | 0,581 
Hath | F__0,333¢,—-0,229t,—0,145t,—0,225¢,—0,084f, 0,605 
Tharp (B Ha-|__ 
TYPAaIbHOM | %y~=29,0—29,0 C—4,97Cr—3,04Mn—79,7P—1,74Si 
maciuTabe) 








c= | baadeameeaane a 
| 


YpaBHeHHe MHOXKECTBEHHOH perpeccHH 
Ay nonepey 10 XMMHUCCKHM S1@MeEHTAM 























: t= —0,209¢, 0,209 
pret Ngee 23 DoE. 10,297 

; 7, =—0, 158t, - 0,174; 0,235 

Tiga pie 

7 ——0,172t,—0, 189t, 0,255 

; £,=—0,047t,—0,095t,—0, 3114, 0,333 
a 7, =—0,051t)—0, 103¢;—0, 3264, 0,362 

e 








lipumeuauua. 1. B ypaBHeHHAX YCIOBHO JaHbl: 
t, BMeCTO ay, t BMecTo Mn, 
i. -¢ <G fe oe OPS 
t; e GE. ie fete 
2. Bropad cTpoka KaxK Oro H3 ypaBHeHHA aeTCA C NompaBKo Ha Ha- 
ex HOCTb. 
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KoapbuunewxT Koppeaauwn mMexay a, 4 KOMOMHanHeA C x Cr 
nonyuaerca 


Ry. 23 =V (—0,357) - (—0,448) + (—0,312)-(— 0,416) = 0,538. 


Kos uuveHT KoppeIAljMH KOppeKTHpoBaJicA Ha HCO NapaMer- 
POB ypaBHeHuA perpeccuu (B HaTypaJIbHOM MacuITa6e) no dopmyse 


A , snes 
R¥=1~(1— Ry (F="), 
fi—m 
rae #—uncno Hab10ceHHhH; 
m-—uHC1O NapaMeTpos. 


YpaBHenHe perpeccun a, NO cosepmanHio C un Cr BKuOUaeT 
TpH nNapametpa: 0,, b., bj, caeOBaTeAbHO, 


as 220 — 2 
/ = 2 2 
R? = 1 — (1 — 0,538 )( Ee 0,283; 


A pees. 
R= V 0,283 = 0,532. 


lajlee COBOKYNHbIH KospuWHeHT KOPpeALMM KOppeKTUpoOBavica 
Ha HaJe@KHOCTb OMpeMevleHHA YapHOH BASKOCTH nO cdbopMyvle 


licctegqOBaHHe ypaBHeHHA MHOXKeCTBEHHOM perpeccuu yapHoit 
BA3KOCTH NO COfepxKaHHio 3eMeHTOB C, Cr, Mn, P, Si noKa3pisaert, 
uUTO HaHOoubllee OTPHWaTebHOe BJIMAHHe Ha YaPHytO BA3KOCTb B 
NPOMOIbHbIX OOpasiax OKAa3blBaeT COMepxKaHHe yrslepora, 3aTeM co- 
jepsKaHve xpoMa w @ociopa, NOTOM MapraHiia HW He3HaydHTesIbHOe 
BAHAHNe OKa3bIBaeT KPCEMHHH. OTH -BBIBOAbI CIIpaBeJIMBbI B TOM 2Ha- 
Ma30He H3MeHEHHA COsepxKaHHA KaxKAOrO U3 3JIEMEHTOB, KOTODBIIt 
BbIABJICH Ha KPHBbIX pacipeqeeHua. 

CopokynHbld KoodpPuUHeHT MHOMKECTBEHHOH KOPpeIALMH Mex 
YAapHOH BASKOCTbIO Ha MPOAOJIbHbIX OOpa3zilax H KOMOHHaMeH yruie- 
pojla, xpoMa, MapraHua, docopa u kKpemHua pasBeun 0,605. Cepa., 
HHUK@JIb H M@fb He BBOJMHCb B ypaBHeHHe MHOXKECTBEHHOM perpeccny 
BBHAY HX He3HA4HTeJIbHbIX CBA3eH C YRapHOH BA3KOCTbIO H APyruMu 
3JIEMCHTaMH. | 

Ha yapHyl0 BASKOCTb B MoMepeyHbIx oOpasuax 3HauHTebHOe 
OTPHlaTebHoe BJIMAHHE OKa3bIBaeT cofepxKaHHe docdopa. JIipyrue 
XHMHYeCKHe QJIEMEHTbI TAKKE OKA3bIBaIOT OTPHUATebHOe BIMAHHE Ha 
VMapHylO BRSKOCTb, OAHAKO CTele€Hb HX BAHAHHA 3HAYMTEJIbHO MCHb- 
we. ITO MOKeT 6bITb OObACHEHO TeM, STO YHapHaA BASKOCTb B O6- 
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pa3uax C NONepeyHbIM HalpaBJIeHHeM BOJIOKHA B OO/bIWeH creneHH 
olpelesimeTCH MakTOpaMH TexXHOJIOrH4ecKoro Mpolecca, B YacTHOCTH 
QeHIPMTHOH JIMKBalWeH, PaCKHCJIeHHeM CTaJIH HU Ap. 

CoBoKyNHbi KOSpPUUMHEHT KOPpeNALMA MeXKAy BeMMIMHOH yrap- 
HOH BA3KOCTH B NOMmepeyHbIxX OOpa3slax Hw KOMOHHaUMeH XHMM4eCKHX 
3emMeHToB (C, Cr u P) nespenux, R=0,362. 

YpaBHeHHe MHOKECTBeHHOM perpeccHH, CBHxASbIBalOlee yapHyto 
BASKOCTb B MPOMOJbHbIX OOpasax Cc KOMOMHALUHell 31IeMeHTOB Cr. 
Mn, P, Si Moxer 6bITb HCMOJb30BaHO JIA MOCTPOCHHA KOHTPOMbHOrO 
NoKa3aTeiad yYapHOH BASKOCTH NO xuMHYecKOMy coctTaBy. JIA 9aToli 
IeJIH TepeMeHHble MOCMeHerO YpaBHeHHA BbIPaKaloTCA B HATYpPavJIb- 
HOM MaculTa6e (cofep>KaHHe XHMHUECKHX 3JIEMCHTOB B MpOlenTax 
H BeJIMYHHa YAaPHOH BA3KOCTH B K2m/CM?) M COOTBETCTBeEHHO Tepe- 
CUHTHIBAIOTCH KOSPMHIHEHTHI perpeccHH NpH MepeMeHHbIX NO dop- 
MyJlaM: 

r be Ss 
b,= = Bis By = X1.23..48 — Lb X;. 

Takum o6pa3o0m, NoJlyyaeM ypaBHeHHe MHOXKeCTBEHHOM perpeccuH 

B BHe 


XI. 23456 =— 2030 axa 20,0 C— 4,97 Cr — 3,04 Mn — 79,7 Pp — 1,74 St. 


[loacTaBuB B 3TY POpMysy MaHHble XHMHUeCKOrO aHaJH3a KOH- 
KPeTHOH M1aBKH, MOXKHO PacCyHTAaTb OMKNMAeMOe 3HAYeHHE yapHoli 
BA3KOCTH B MPOMOJIbHbIX OOpa3siax. Tak, HanmpuMep, IA nlaBKH 
No 1 pacuerT no BBIMeNpHBeqeHHOH opmMysIe jaerT 3Ha4yeHHe 
yNapHOW BASKOCTH, paBHoe a, =6,1, daxTHyecKoe 2%Ke 3HadeHHe — 6,6. 
Alia naiapku Ne 3 (ra6a. I, mpuiow. 1) pacuer zaet a, =5,5, cpakru- 
yeckan a,=4,2. Jia naiasku Ne 10 mo pacuety a. =6,7, PakTHyeckii 
Q,=6,2 4 Tv. 0. | 

Tloka3aTeib @, MONOJIHHTCIbHO KOHTPOJIMpycT MpaBHJIbHOCTb OTI- 
peeeHHA BeJIMYHHbI YRAPHOH BASKOCTH JaHHoOH miaBKH. Iipa Haau- 
UHH Pe3SKHX PaCXORKeHHH Mey a, HU Q’, CilelyeT BeEHUHHY Yap- 
HOM BASKOCTH MPOBepATb Ha OOVIbUIeEM KOJIMUeCTBe OOPa3ILOB. 

TakHM 06pa30M, KOPpe/IAIMOHHBIM aHadH3 MaTepHaJlOB TeKyuero 
KOHTpOJIA TWwiaBok cTaiH 380XTCA no3sBomseT chelaTb cleqyrouHe 
BbIBOJIBI: 

1. Wmeer mectro cyillecTBeloe BaMAHHe XHMMYeCKOrO cocTaBa 
ctamm 30XPCA Ha BelMunHYy yRapHolt BASKOCTH MpOMObHBIX O6pa3- 
OB. COBOKYNHbIM KosPiHUNeHT KOPPeJIALMH COMepKaHuA XUMH4e- 
CKHX 3JIEMeCHTOB C BeHYHHOH YapHOl BA3KOCTH OKa3aJICA PaBHbIM 
R=0,605. 

2. YcTaHOBJIeHO CYIIeCTBeHHOe H OTPHILaTebHOe B/IMAHHe Ha 
YHapHylO BASKOCTb MPOOJIbHBIX OOpa3llOB COMepxKaHHA CMeMYIOWUX 
XHMHYECKHX 93JI@MEHTOB: yrulepowa, xpoMa, dgocdopa, MapraHya H 
Kpemuua. Ilo creneHH BIHAHHA Ha YapHylO BASKOCTb SJIEMeHTbI XH- 
MHueCKOrO cocTtaBa (B Mpemwentax cbakTHyecKOH HM3MeHYHBOCTH HX 
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COMep2%KaHHA) pacmoJaraloTrca cCeNyIOUN4M oO6pa30m: HaKOoubluiee 
OTPHIaTeMbHOe BJIHMAHHE HMeeT YIlepOd, 3aTeM XpoM, cocdop, MeHee 
CYULeCTBEHHO BJIMAHHe MapraHia HW KPe@MHHA WH MpakTHyecKH He OKa- 
3bIBalOT BJIMAHHA Melb, Cepa HW HHKEVIb. 

3. Ha6srogaetca cyulecTBeHHOe H OTPHMaTebHOe BJHAHHeE CO- 
epxkaHua dochopa Ha YapHylo BA3KOCTb CTaJIM MpH HCIIbITaHHH 
Ha MonepeuwHbix o6pa3iax. 

4, Pe3ybTaThl HCCeOBaHHA MOKA3HIBAaIOT, 4TO JAA NMouy4eHHA 
BbICOKHX MOKa3aTesleH yAapHou BasKocTH cTaamu 30XTCA Hneo6xozumMo 
epxKatTb yruiepog, docdop, MapraHell, XpoM, KpeMHHH 0 BO3MOX- 
HOCTH Ha HHKHHX Npeselax NOAA MonycKa. 

5. B pesybTaTe HCCJIeMOBaHHA JaHa MeTOAMKa NOCTPOeHHA KOH- 
TPOJIBHOTO MOKa3aTeJA YRapHOK BASKOCTH B NpOJOAbHbIX OOpa3zuax, 
NO3BOJIAIOWaA DJIA KaxKOH W1aBKH MO comepxKaHHo B He yrsepora, 
XpoMa, MapraHlia, @ocopa H KPeMHHA paCCUHTbIBATb BePpOATHOe 
3HaveHHe yNapHOH BA3KOCTH. OTOT MOKa3aTe/b MOET ObITh HCMOVIb- 
30BaH JWIX Ha3Ha4YeHHA IWIABOK MO 3aKa3aM, a TakxKe JIA KOppek- 
THPOBaHHA Ja6opaTOpHOH MeTOAMKH OMpefesleHHA yapHOlH BASKOCTH 
nmiaBoK cramH 30X0CA. 
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FTHUABA xXV 


KOPPEJIAMMHOHHbIN AHAJIH3 TEXHOJIOPTHYECKHX 
WEMEM 


§ 1. NPEQBAPHTEJIbHbIE 3AMEYAHHA 


BaxkHoe MpHMeneline Teopua Koppenanun nosyyaeT mpuH uccvie- 
AOBAHHH TOYHOCTH TeXHOJIOrHYeCKHX MpomweccoB B BOMpocax aHaaH3a 
TEXHOJIOTHYeCKHX Lenel. 

TexHOJIOrH4ecKOH Weblo MbI Ha3biBaem pA MOCIeCLOBaTeAbHbIXx 
onepaunh, KOTOpble COBepmaloTcA Ham M3qeIMeM WIA NOyYeHHA 
OMPeHeeHHbIX Pa3MepoB, POpMBI, YHCTOTHI MOBepXHOCTH HM ApPyrHx 
NapaMeTpOB H3AeJiHA C HEOOXOAHMOH TOUHOCTDHIO. 


B mpotecce o6pa6orTKH u32eua ero MapaMerTpbl nocTeneHHo yTOu- 
HAIOTCA, MpHO/MKaAch K TpeOyeMbIM sHayeHuAHM. OG H3MeHeHHH 
TOUNOCTH Ha KaxkON ONepauwH CYAT MO KpHBbIM pacnpeneleHua 
NOrpeWIHOCTeH, COCTABJICHHbIM MOCIe pAa onepaunii KaK 9TO MOKa- 
3ano B pa3gee I (cm. ru. II, § 10, npumep 3). 


KouIMYecTBeHHad OWCHKa H3MCHCHUA TOUHOCTH MaeTCa comocTa,- 
JI@HHEM CPCHHUX KBAMPaTHYeCKHX OTKJIOHEHHM WIM CpeAHHX BeMUHH 


MOrpewHocTelt (AIH CYULECTBEHHO NMOJIOXKHTCJIDHDIX BeJIMYHH) Tocue 


ty iy Ge 
KAKAOH ONepalin. OTOH WetH cayKat Kospduunenty K, -= —- 


1 
uKo= 2, MpeAcTaBnioWwMe COOOM OTHOLICHHA COOTBeETCTBYIOL 
x; 
MokasaTeely Moce WH 1O MpopesenuaA onepauun. Oxnako 9TH KpHTe- 
DHMH ABJIAIOTCH Jb KOHCTATAMHOHHBIMH. OHH He paCKpLIRaloT Mexa- 
HH3Ma COKPaUleHIIA MOrpelwHOcTeH WM He MpHrOAHb! WIA OUeHKH TOU- 
HOCTH, NOJyUaeMOH Ha JaHHOH onepaluv B YCJIOBHAX H3MeCHAIOMelICcA 
TOYHOCTH HCXOJAHOrO MaTepHaJia. Bpvio Obl HempaBHJIbHbIM paccmarT- 
pupaTb K, Kak KospPuUNeHT MpoNOpuMOHAbHOCTH B 3aBHCHMOCTH, 
CBA3bIZAIOUeH PaCceHHHe Pa3sMepoB Mocwe onepalluH c paccesHHeM 
AO OMepauHh, H HCMONb30BaTb ero B ITOH PO MpH OleHKe mpemno- 
JJaraeMOH TOUHOCTH Nocwe ONnepalnu, ecu Obl HCXOMHAaA TOUHOCTH 
M3MeHHW1acb — CTaa OobWeH HIM MeHbuleH. Tak, Bp Ta6n. 25 npu- 
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Mepa 8 cpemHee KBaapaTHyecKoe OTKIOHeHHe GueHUH MocHe TOKapHon 
OOTOUKA cocTaBiAnO 6,92, nocne cnenyouett onepaluuy — mpezBapu- 
TeIbHOH wiHpoBKu — 1,87. CreqospaTenbHo, KOSPPuUneHT coOKpa- 


1,8 i 
uenHa K, =—2 == =0, 270, Ho ecm 6b Ha onepanun ToKapHoti 


G, 6,92 
OOTOUKH yAaOch COKpaTHTb 6; NO 5 eNHHHU, TO 6EINO 6H HeBepHbIM 
ONPEAENATh BO3MOKHOE O2 TO PopMye o2=0,270-5=1,350, tax 
Kak C YBe/IMYCHHEM WIM C YMeHbINeHHeM pacceaHusA Ha npexEymelt 
onepamuu cam Kosduuneut K., Boo6ure ropops, Meusetca ypas- 


So 
HeHHe K, = — OKa3bIBaeTCH HEMPHrOAHEIM JIA MOMO6HOrO pacuera. 
.°) 


J 

AHaJOrHaHO AIA MoKa3atena Kz. Mexyy TeM pv mpoextuposannn 
H OTMaHKe TOUHOCTH TeXHOJOrH4eCKHX MpoweccoB ANA O6OCHOBAHHA 
NOON€PpauHOHHbIX AONYCKOB, a TakKe NpH paspa6oTKe MeroguUK cTa- 
THCTHYECKOFO KOHTPOJIA KaveCTBa MpOYKUMH BaxKHO 3HaTb, Kakoe 
BIMAHHE Ha NOCEAYIOULy!o Oepalvio HMeeT yBeIHUeHHe WIM YMeHb- 
mleHHe TOUHOCTH OOpaboTKH Ha NpegbizyuMx onepaunax. Jina pelte- 
HHA MOAOOHLIX BONPOCOR HeEOOXOAHMO HMeTb MoOKa3aTeIM H3MeHeHHA 
TOYHOCTH H€ KOHCTATAIIHOHHOMO, a aHaJIMTHYeCKOrO XapakTepa, OTpa- 
*KAIOUIMe MCXaHH3M COKpalleHHA NorpewulHoctel. Takue nmoKa3aTemu 
(CHOCO6LI NMOCTpoeHHA KOTODEIX PacCMaTpHBalWTCA 30ecb) MOryT 
ObITh YCTAHOBJeHbI NYTeEM HCCAeEMOBAHHA KOPPeAAWHOHHEIX cBABelt 
Mek ty MOrpeulHOCTAMH, BO3HHK@IOLUMMH B Tipotecce o6pa6oTKn B 
TEXHOJOFHYeCKOH Wen CeAYIOWHX Apyr 3a Apyrom onepaunit. 


§ 2. OBIWAA MOCTAHOBKA UH OBIMMA METOX PEWEHHSA SAMAYUH 


PaccMOTpuM OTIeJIbHYy!O Onepalvio B CocTaBe TexHOorH4eckoro: 
Mpouecca, KOTOPylo OyfeM Ha3bIBaTb 3BEHOM TeXHOJIOruyecKOll Tenn, 

O6osHauHM uYepes (xX) 3aKOH pacnpeneneHna HHTepecyiolero 
Hac Napametpa x WO ONepaunu H Yepes p(y) — 3aKOH pacnpejenenua 
COOTBETCTBYlOllero NapamMetTpa y nocne onepauuu'. Tepspiii 3aKon 
XapakTepl3yeT 6xXOOHO? Ka4ecTeO MpOAyKUMU, BTOpOl — BolxOoOHOe 
Kauecreo. IlycTb aslee MbI H3MeHAeCM BXOMHOe KaueCTBO NpOAyKUMH, 
CHETOBATEIBHO, NOABeEpraeM H3MeHEHHIO 3aKOH pacnpesenenua @(x). 
Tak, HampHMep, MbI MOKeM COKPATHTb AUCMepcHio 3aKoHa pacnpeye- 
eHHA P(X) 3a CueT yyuWeHHA paGoTEI Ha MpemuectTByionteH one- 
Pall WIM OTCeBa Ha KOHTpOvle NoyyeHHOrO Opaka. CupaumsBaertca, 
KaKHM OOpa30M B CHJIy 39TOTO OGCTOATebCTBA H3MeCHHTCH 3aKOH 
pacnpeyeteHua p(y)? 

ina Toro uToObl 3afaya mpvo6pena momKHYy!O olpeqemennocth 
H MOrla MOJIYYHTh pellleHHe, HEOOXOAMMO OXapaKTepH30BaTb Mpomecc 
H3MCHECHHA BXOJHOrO KaveCTBA HEKOTOPbIMH JOMOJIHHTeCJIbHbIMU YC- 
JOBHAMH. MatemaTuyecku 3TH ycloBuA OyfyT BbIpaxKaTbca B TOM, 
UTOOb! TpaHCMPopMalluA 3aKOHa pacnipenencnua ~(x) He 3aTparuBasa 


* p(x) 4 (y) o3HaualoT BepoATHOCTH MH MVIOTHOCTH BepOATHOCTeH cooT- 
BETCTBYIOWWNX 3HAYCHHH X H Y B 3ABMCHMOCTH OT TOFO, B AMcKpeTHOH HAM HeNpe- 
PHBHOH OpMe 3aaHbl 3aKOHbI pacmpeyenenua. 
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YCJIOBHbIX 3A€KOHOB pacnpefeeHHA Y, COOTBETCTBYIOUHX 3aaHHbIM 
3HAYUCHHAM X, T. e. UTOOH! (y|x) OCTaBaJIMCb pH 3TOM HeH3MeH- 
HbIMH. [lomo6Hoe TpeOoBaHHve ABJIAeCTCA BIOHE eCCTECTBCHHBIM. 

B caMOM jlesle, ECTECTBEHHO JOMNYCTUTb, YTO TpaHCdopMallHA 3a- 
KOHa pacmpemeseHHA x He 3aTparHBaeT KayecTBa MCXOAHOTO MaTe- 
pHasla npu 3adaHHbIx 3HAYeEHUAX X M He 3aTparMBaeT TexHosorHye- 
cKoro Mpollecca Ha WaHHOH onepauuv. Ona JMIUb O3Ha¥UaeT 3aMeHY 
MaTepHasia C OZHHM Habopom 3sHa4eHUt NapameTpa x MaTepHaJIOM 
C JPyrHM, HeCKOAKO OTAUUHOIM OT NepBo2o HaOOpOM 3HAa4enUIL xX. 
A 9TO MpemmouoxKeHve HU MpPHBOANT K COXpaHeHHIO YCJIOBHbIX 34KOHOB 
pacipeyeseHua wp(y|x), XOTA Oe3ycJIOBHbIM 3aKOH pacnpewereHus 
(y) mpeTepneBaeT mp 3TOM H3MeHeHHA. Pa3symeeTca, MIpHHATHIe 10- 
NyWUCHHA He BCera MOryT peasIH30BaTbCA Ha MpakTuke. Tak, HalipH- 
Mep, B cayyae OombINMX W3MeHeHHH 3aKOHa pacnpeseteHuaA Q(x) 
MOKET OKA3aTbCA HEOOXOAHMBIM H3MCHHTb TeXHOJIOrH4eCKHH Mpowecc 
Ha JaHHOM onepalHu, ITOObI MpucnocoOuTb ero K HOBOMY, H3MeHHB- 
WIeMyCA KauecTByY MCXOZHOrO MaTepHada. B 3ToM Ciy4ae yCJIOBHBIe 
3aKOHBI pacnhpesenenua wp(y |x) MOryT 6bITb HapylleHbl. PasyMeetcs 
TakxKe, UTO CCIW Mp OMHAX H TeX Ke 3HAYCHHAX NapameTpa x H3ME- 
HAeTCA KauecTBO HCXOAHOrTO MaTepHasa MO ApyrMM MNapaMmetTpam, 
BAHAIOWHM Ha XO MpOH3BOACTBeHHOrO Mpolecca, TO YCJIOBHbIe 3a- 
KOHbI paclipenetenua w(y|x) Take MoryT u3MeHuTEca. Ha non06- 
Hble cJy4aH MpHBOmuMad HMxKe TeOpHaA He pacnpocrpaHsetca!. 
B MpuHATEIX Mpesno0%*KeHWAX MbIl MOXKEM BbIPASHTb HCKOMBIM 3aKOH 
pacnipenejenua p(y) B 3aBHCHMOCTH OT HCXOAHOrO 3aKOHAa pactipe- 
meneHua (x) HW ApyrHx 3eMeHTOB, He3aBHCALIMX OT BO3MO2KHOH 
TpancopMalun 3akKoHa (x), @ MMe€HHO OT YCJIOBHbIX BepOATHO- 
cTe p(y |x). 

PaccMoTpHM KOppe/IAIHOHHy!lO =6TaOMUy Mey NMapamMeTpoM 
BXOMHOrO KauecTBa X H MapaMeTpOM BbIXOZHOrO KayecTBa Y, rhe WIA 
KaKIOH KOMOHMHALMM 3HateHHii x, y ykKasaHa ee BepOATHOCTb x(x, Y). 
STH BeEPOATHOCTH MOXKHO MOYINTh UNPHOMHKeHHO, KaK OTHOCHTEJIb- 
HbI@ YACTOTH! MOBTOPeHHH KaxK AON KOMOHMHAIMN xX HY, ECAH MpOBeCTH 
IPH CTaGHJIbHBIX YC/JIOBHAX Yepes ONnepalMio MOCTATOYHO 6O/IbLUOe 
yneno meTasieH. Jieramu vIn STOH WeNH NMOABeprat1orT KJICHMCHHIO 
H JWIA KamwKOW TeTaIw OTMeUaeTCA MOKa3aTeb X WO OllepalMu HM MO- 
Ka3aTeJilb Y — MocJe ONepallHH; 3aTeM MOACYHTHIBaeTCA HCO MOBTO- 
peHHii Kaxknol KOMOuMHallMH 3Ha4eHHH (x, y) WH NOJyYeHHBbIe YHCa 
(a6comOTHble UaCTOTH! KOMOHHALMH (x,y) MeATCA Ha OOMee YACIO 
neranel. DTA ucsa HeNocpeMCTBeEHHO WIN Mocse HeKOTOpOH MaTeMa- 


ee 


1 XameTMM TakiKe, YTO JA HeEKOTOPHIX NpOleccOb H MapaMeTPOB YC/IOBHBbIC 
3AKOHBI pacnpenenenna p(y|x) wu GesycoBHBe P(y) MOryT ObITh JIerKO CMe- 
WIeCHBI Ha O2HY H TY %Ke BeauYHHY ¢ COOTBeTCTBYIOUeH HACTPpOHKON Mpowecca. 
Tag 9THX Calyuaes BEPOATHOCTH Wp MpaByJbHee MMCaTb Kak vb (y+clx) np(y+c), 
re ¢— KOMMOHeHT, ONpetensempllt HacTpofKoli mpomecca. Mbt He OyeM MOvIb- 
30BaTbCA 3THMH O6O3HA4eCHHAMH, HO OyeM Togpa3syMeBatb, UTO ANH TaKHX 
cy4aeB Mbl BIpaBe CMellaTb YCJIOBHbIe 3aKOHbI pacpeeeHHA Ha OMHY H Ty Ke 
BENMUHHY C, 3a0aBasCh OnpeseseHHBIM yYPOBHeEM HAaCTPOHKH Mpolecca. 
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THYeCKOA OO6pa6oTKH (HHTepNONAUHH, BLIPABHUBAHHA) 3aMeHsIOT B 
nopaaKe NpHOIWKeHHA 3HaYeHHA BepoATHocTelt. 























Ta6auya 70 
a 
x} | VUroro 
5 6 

7 7 ee v(y) 
4,0 0,010} 0,010 
25 0,010 |0.012/0,010| 0,032 

Si 0,011 | 0,024 | 0,040 |0,036]0,020] 0,131 
2,5 0,012 | 0,033 | 0,060 | 0,060 |0,036/0,010| 0.211 
2,0 O,uiuv | 0,030 | 0,055 | 0,072 | 0,050 | 0,024 0,241 
1,5 0,10 | 0,036 | 0,066 | 0,060 | 0,30 | 0,012 0,214 
1,0 0,020 | 0,030 | 0,044 | 0,021 | 0,010 0,128 
0,5 0,010 | 0,012 | 0,011 | 0,033 
a NN OS 

4 


rey 0,050 | 0,120 : 0,220 | 0,240 | 0,200 0.120 0,05 1 ,000 
9 (x; 


Ta6a. 70 uMeeT 4ucTO MeTO_MYeCKoe Ha3HayeHHe, B Heit npex- 
CTaBJICHBI OKPYIJIeHHbie HW YCAHOBHBIe WaHHble. SarmaBHan U MTOTOBaZ 
CTPOKH BbIpaxKaloT Oe3ycOBHbI 3aKOH pacnpejeleHnua napamerpa 
BXOAHOrO KauecTBa x. B 3armaBHol cTpoKe nmpencTaBeHhl BO3MOX- 
HbI€ BapHaHTH X, B HTOTOBOK — BepOATHOCTH M(x) STHX BapHaHTOB. 
SarmaBHb WH MTOTOBbI cTONOUEI TAaBAMUBI BbIPaKaloT Oe3ycJIOBHbIt 
3aKOH pacnpeweeHHA NapaMetpa BbIXOAHOTO KayecTBa y. B 3arsas- 
HOM CTOJOUe MpHBeAeHHI BapHaHTb y, B HTOrOBOM — BepOATHOCTH 
p(y) sTHx sHayeHni. Uucna Buytpu Ta6sMUB MpeAcTaBsAioT coboh 
BePpOATHOCTH x(x, Y) COOTBeETCTBYIOWIMX KOMOHHaLUH x y. Ecau pa3- 
AEMHTh KaKAylo TakylO BePOATHOCTh Ha BePOATHOCTh (x) 3Haye- 
HHA x, MOMCLICHHY!O B HTOre COOTBETCTBYIOUIero CTON6Ua TaGJHIH, 


TO NoyuHM wp(y|x) — ycnOBHble BeposTHOCTU y B TIPE ANOVIOMKEHUH, 
YTO X OCYMWECTBHJIHCb. 


0 (y |x) == BD? (15. 2. 1) 


IIpogenaB cooTseTcTByiolly!o onepalMio Aa KaxKnoli x(x, y) 
Ta61. 70, mpHxoquM K Ta6nuue 71, rae BO BHYTPpeHHHX CTONOMWaXx yKa- 
3aHBI tp(y| x) — ycOBHble 3aKOHBI pacnpenerenna ¥, COOTBeETCTBYIO- 
WlHe 3aaHHbIM 3HaveHHAM X. ; 

M3 paccMoTpenua Ta6MuUbI BUDO, YTO C yBenM4eHHeM x YCJIOB- 
HbI€ SaKOHbI paciipemweenuA y NepeMellaloTca B CTOPOHy OoubIUNHXx 
sHaveHHh y. CileqoBaTeIbHO, HMee€T MeCTO KOppeAHOHHAA 3aBHCH- 
MOCTb M@KAY Y U X — MOrpeliHOCTH BXOAHOTO KayecTBa B HeKOTOPOH 
Mepe BJIMAIOT Ha NOrpeluHOCTH BbIXOqHOrO KavecTBa. TlocmoTpuM, 
KaK 9TY 34BHCHMOCTb MOXKHO HCIONb30BaTb JIA pellleHHA NOCcTaBVIeH- 
HOH 3a0a4H: ONe€HKH BO3MOXKHOTO H3MeHeHHA BHIXOMHOrO KayecTBA 
B CBA3H C 3aaHHbIM H3Me€HeCHHEM BXOMHOFO KavecTBa MPOAYKUMH. 
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se ites ote ec ta 71 
Sy Xj Mroro 
vj as. ss : : ile lt de I oie ee 
4,0 0,20] 0,010 
3,0 0,05 | 0,10 | 0,20 0,032 
3,0 0,05; 0,10; 0,20] 0,30) 0,40) 0,131 
2,9 0,10 0.15 0,25; 0,30 | 0,80} 0,20) 0,211 
2,0 0.20! 0,25 | 0,25] 0,80; 0,25 | 0,20 0,241 
1,5 0,20 | 0,30) 0,80{] 0,25] 0,15 | 0,10 0,214 
1,0 0,40 | 0,25; 0,20] 0,10] 0,05 0,128 
0,5 0,2} 0.10} 005| ~~ | 9 | | | 0,033 

Utroro 100 | 1,00 1,00 | 1,00 | 1,00 1,00 | 1,00} — 00 | 1,00 | 00 | ad a 

Mroro | 0,050 0,120 | 0,220 | 0,200 | 0,20 | 0,120) 0050} 1,00 0,120 | 0,220 0,240 | 0,200 0129 0,050 

© (;) 


SaMeTHM Mpexye  Bcero, 





uTO Mey BepOATHOCTAMH Q(x), 


p(y| x) uw wp(y) cyliecTByloT culeqyIolle COOTHOMIeHHA, KOTOPble BBI- 
TeKaloT H3 cMoco6a o6pasoBanua p(y! x): 


Vi 9(x) ¥ (ye) = 9 (9); jot, 2,04, (15. 2. 2) 


i=] 


rae S— HCO Pa3AUYHoIX 3HaAU4eHHE X, 
t— 4MCIO PAZSAULHOLX 3HAYeHHH Y. 


IIpopepum 3TH COOTHOWeHHA Ha YuCNaXx Taba. 71: 

0,050 - 0,20=0,010 

0,200 - 0,05+-0,120 - 0,10+ 0,050 - 0,20 =0,032 
0,20+0,120 - 0,30-+0,050 - 0,40 = 

0,30 + 0,120 - 0,30+ 


0,30+ 0,200 - 0,25 + 


0,220 - 0,50 + 0,240 - 0,10+0,200 - 
0,131 
0,120 - 0,10+0,220 - 0,15+0,240 - 0,25+0,200 - 
+0,050 - 0,20=0,211 
0,050 - 0,20+-0,120 - 0,25+-0,220 - 0,25+0,240 - 
+ 0,120 - 0,20=0,241 
0,050 - 0,20+0,120 - 0,30 + 0,220 - 0,30+-0,240 - 0,25+0,200 - 0,15 + 
+0,120-0,10=0,214 
0,050 - 0,40+0,120 - 0,25+-0,220 - 0,20+0,240 - 0,10+0,200 - 0,05= 
=(),128 
0,050 - 0,20+0,120 - 0,10+0,220 - 0,05 =0,033 
Cootuomenua (15.2.2) BeimonHsiorca. 
Cootsomenun (15.2.2) moxkHO 3amvcaTb B MaTpHYHOK dopme: 
ele iol=le ll (15. 2. 3) 
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KOTOPad O3HAa4aeT, ITO TAOHUA YHceN p(y) Nomyyaetca 43 TAa6HUDI 
uncel p(y |x) WH TaOmMUbI yHcel @(x) TO NpaBusy mpouspenenna 
MaTpHL. 

p(x) 6GyteM Ha3bIBaTb BepOATHOCTAMH BXOAHOrO KayecTsa, )(y)— 
BEPOATHOCTAMH BBIXOJHOFO KayecTBa, p(y| x) — BepoaTHOcTaMy Me- 
pexoya. | 

Bo3spaTuMca Temeph K HCXOAHOH 3agaue. Ilycrh Tpe6yeres: u3Me- 
HHTb Ka¥eCTBO BXOZHOFO MaTepHasla, TpaHcopMupys 3aKoH pac- 
MpeweeHHA M(x), H OMCHHTb MpoucTeKaloulyo OTCloda TpaHcdop- 
MallHto w(y). 

Ec mpouecc tpancopmaunu (x) mporekaer B yCOBMAX, oro- 
BOPeHHBIX B § 2, T. e. OH He 3aTPparHBaeT TeXHOJOrMyecKOrO Mporecca 
Ha JaHHOH Ofepalluu H BXOAHOrO KayeCTBa IPOAYKUMU NpH 3anaHHBIx’ 
3HaveHHAX MapaMetpa xX, TO COXpaHAIOTCH HeH3MEHHBIMH yCJIOBHbIe 
3aKOHbI pactipeneenua wp (y|x). | 

















Tabauya 72 © 
x} ——"} " Wroro 
2 | 

yy : : v (y;) 
3,0 0,05 0,10 -| 0,035 
2,9 yl 0,15 0,25 0,125 
2,0 0,20 0,25 0,25 0,30 0,250 
Lo 0,20 0,30 0,30 0,25 0,270 
1,0 0,40 0,25 0,20 0,10 «0,235 
0,5 0:20 0;10 0,05 0,085 
HUtoro 0,200 | 0,300 | 0,300 | 0, 200 | 1 ,000 


(xi) 


CreqopaTeibHo, cooTHOUeHHaA (15.2.2) MoxkHO paccMaTpHBaTb Kak 
ypaBHeHHA, H3 KOTOPBIX ONpeeAeTCA 3aKOH pacnpeseeHHA BbIXOR- 
Horo KayecTBa %p(y), Korga 3aKOH paclipefemeHua BxOZHOrO Ka¥e- 
cTBa (x) NosBepraeTcA TpaHccbopMallHy B OrOBOPeHHBIX BHIWe ycs0- 
BHUAX. 

Ipumep. Ysyuliaem BxogqHOe Ka¥eCcTBO MaTepHana, 3aMeHHB 
3aKOH pacipegenenua g(x) B Ta6a. 71 apyruM 3aKoHOM @—p(x), mpH- 
BECHHLIM B TaOs. 72. 

IIpennouaraa ycoBuble 3aKoHH p(y/x) HeH3MeHHBUIMMUCH, pac- 
cuHTaem mo dopmyviam (15.2.2) HoBble 3HaueHua w(y). 3akon 
pacnpeweseHHA BHIXOZHOrO KaveCTBa HECKOJIbKO CABHHYJICA B CTOPORY 
MeCHBIUHX SHAYeHHH y, H paccenHve y COKpaTusocb. : 

3SHaa MaTPHIy HayabHBIX BeponTHOcTeli || (x)|| H MaTDHUE 
BePOATHOCTeH Mepexoda AA PxAMa NOCMeAOBATeMbHHIX OMepallya, 
MOXKHO NOJYUHTb MATPHUY BepOATHOCTeH BbIXOMHOTO’ KayecTBa AIA 
KOHEYHOTO 3BeHa NO dopmyvie 


he) HH bs Cot ll Iibe (21 yell, (Ol) = IP, (IL, 15. 2. 4) 
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KOTOPaH MOJyYaeTCAH MOC/eMOBATe/IbHBIM MPHMeHeHHeM MOPMY.IbI 
(15.2.2). ®opmyna (15.2.4) cnpaBeauBa Mpv yCOBMH, 4TO NO- 
rpelWIHOCTH, BO3HHKaloulHe Ha NIpeAMWeCTBYIOWMX Olepaluax, mepe- 
maroTca Ha mMocmeLyloulue ONepalu AUULb Yepes BCe NPOMEICYTOUHOlEe 
onepayuu. Takylo lenb 6y2eM Ha3blBaTb NpocToii TexHOsorMueckon 
sembio. Ee MaTeMaTH4eCKOi MOmerbIO CJTyKHT Mpoctad uemb Map- 
KOBA. 

Ms0xKeHHbIH B HacCTOAWeM Maparpade MeTOA pelleHHA 3aa4H 
ABJIACTCH XOTA H OOWIMM, HO MpakTuyeckH Masio yHOOHbIM. B caMoM 
geste, JIA pelueHHA 3aa4uH STHM MeTOZOM TpeOyeTCA HMeTb MaT- 
pHLy AOCTATOUHO HaWexKHO OMpeleeHHEIX BeponTHoctelt p(y |x) W1A 
BCeX PACCMATPHBaeMbIX KOMOHHAIMH 3HAaueHHH xX;, Yj. 

A Jud 9TOrO TpeGyeTCA BHINOJIHUTb OOJbINOe KOJHUeCTBO HaOJ10- 
menHui, 3aMOJIHAIOWMX BCe HHTepecyloulve Hac KIETKH KOPPeJIAIMOH- 
HO TAaOAMUB, YTO Ha MpakTHKe MpeAcTaB/AeT 3aTpyHeHHA. SameHa 
KOPPeJIANMOHHOH TAOJHIUbI Noce Hadsexkallen MaTeMaTHUeCcKOH 00- 
paOoTkH (HHTepNOIAUWHH, BbIPAaBHUBaHHs) aHawHTHyecKOH dopmMon 
ZaaHWA 3aKOHOB paciipefeseHua 3HAUNTebHO COKpallaeT NoTped- 
Hoe KONHUeCTBO HaG6JIOeHHH, MpHMBOAA ero K NpaKTHY¥eCKH BIOJIHE 
MpHemseMbIM uHCaM. B 9THxX CuAyyadx 3aKOHbI pacnpewevicHiA 
p(x), p(y), p(y|x) MoryT BbIpaxKaTbca B BHe HempepbIBHBIX (yHK- 
uni OT apryMeHTOB, NpH4eM BeHYHHEI P(x), p(y), (y|x) o603Ha- 
GalOT MMOTHOCTH BEPOATHOCTeHM MIA COOTBETCTBYIOWMX 3HAYeHHH ap- 
ryMeHTOB. 

Cuctema (15.2.2) 3amMenseTca B STHX CJIy4aAx HHTerpaJIbHbIM 
COOTHOLICHHEM 


+ 00 
b(y) = { 9 Gis) 9()ax, (15. 2. 5) 


43 KOTOPOrO OlpemeAeTcA PyHKuvA p(y), COOTBETCTBYIOWAA H3Me- 
HeHHOH yHKUHH —(x). 

S3amena KOppesAUHOHHEIX TAO 3aKOHAMH PacripeneeHHA, 3a- 
AaHHBIMH B aHasIMTHYeCKOM BHse (T. e. B BUC (POpMY.1), ABJIAeTCA 
BeCbMa IepCNeKTHBHBIM MeTOZOM. OgHaKO B HacTOALIee BpeMA MBI 
elle He pacnoslaraem JOCTaTOUHO YAOOHBIMH WIA MpakTHYeCKHX We- 
nei cnoco6aMu Takoro BbIpaxKeHHA, TaK KaK MHOrHe paciipeweenHyA, 
BCTpewalolinecd Ha MpakTHKe, B OcO6eHHOCTH ABYMePHBIe, ellie HeA0- 
eTaTouHO HecmenoBaHbl. Tlostomy Hu2Ke Mpeaaraem Apyrve MeTOABI, 
KOTOpble pellaloT NOCTaBJIeHHy!O 3amauy C MeHbiINeH TOUHOCTbIO, HO 
apakTHYecKH OCTATONHO yOOHHI. 


§ 3. CHYYAM NMPAMOJIHHEHHOA PEFPECCHH H MOCTOAHHOrO 
PACCEAHHA 


[Ipakruyeckve pe3ybTaTh MOTyT ObITb AOCTHrHYTHI 6ouee Obict- 
pLIM HB pALe OTHOWEHHH NOYYHTCIbHBIM cnoco6oM, ecJIH paccMaTpH- 
@aTb He 3aKOHbI pacnpeseeHHA MapaMeTpoB, a HX BaKHeHUINe Xa- 
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PakTePHCTHKH, BbIpaxkaeMble MOMEHTAMH MepBbIX ABYX NOPAAKO, 
@ HM€HHO — CpeZHWOI0 BENHYHHY HW AMCNepcuio (41H CpemHee KBaTpa- 
THYECKOe OTKMOHEHHE). Samaya, CIEMOBATEJIbHO, COCTOHT B TOM, ITO- 
ObI BLIACHHTb, KaK M€HAeTCA CpeAHAA BeMUHHa y HM AMCMepCHA 3, 
NO MapaMeTpy y BbIXOMHOTO KayeCTBa MPOAyKUMH Cc M3MCHeHHeM 
cpeqHeh BeIMYHHH xX H AHCMepcHH ox Mo NapamMerpy x BxogHoro Ka- 
yecTBa. Pa3ymeeTcs, MOcTaBJeHHad 3afaua, TaK Ke Kak H Goulee 06- 
Wad 3afaua, PacCMOTpeHHaa 8B Mpegzbiqyuem maparpade, Oyzer 
HMeTb OMPeACJICHHBIN CMBICJI H pellieHue, eCJIH MIpowecc H3MeHeHHA X 
H S; OXapaKTePH3OBaTb HEKOTOPHIMH JOMOJIHHTeAbHEIMH YCJIOBHAMH. 
Kak HB Npeabiayuiem maparpade, Sytem Npemnoviaratb, yTO H3Me- 
HeHHe X H Oy He 3aTparHBaeT TexHOJOrMyecKoro Mpouecca Ha TaHHow 
QnepalvH H He H3MeHAeT BXOAHOTO KayecTBa NPOAYKUMH NO APyruM 
mapaMeTpaM IIpH 3aMaHHbIX xX, CJICMOBATeIbHO, He OTpamKaeTcn Ha 
YCJIOBHBIX 3AKOHAX paciipeweeHHA Y MpH 3aMaHHbIX x, T.e. Ha P(ylx). 

lia ycTaHOBNeHHaA HeOOXOZMMBIX COOTHOIWeHHA BOCTIONb3yemMca 
KOPPG@JINUMOHHOH 3aBHCMMOCTbIO, CYLIeECTBYIOWeH MeKAY NoKa3zarTe- 
JINMH BXOJHOFO H BLIXOAHOFO KadecTBa. 

B HacToauleH rilape pacCMOTpHM mpocTeHiiMh cayuai, korga 
perpeccHa y lO X MpAMOJIHHeHHA, a YCOBHaA ANCHepcHA y OTHOCH- 
TeJIbHO JIMHHH perpeccHH NMOCTOAHHA. 

Tlyctb 


y,=a-t bx (15. 3. 1) 


-— YPpaBHeHHe perpeccuHH Y M0 X. 


V3 TeOpHu KOPPeALHH H3BECTHO, UTO IIPAMAN PerpeccuH, BbIpa- 
*KaeMasd ypaBHeHvem (15.3.1), momKHa NPOXOAUTb Yepes WeHTP TA- 
*KeCTH KOPPeNAWHOHHOrO Noma (xX, y), T. @. CYMLeECTBYeT TOKMECTBO 


Tlanee uspectua cnegyioulaa @opMysa pa3ioKenHa AuCnepcun: 


oy moe x + By, 2 | (15. 3. 3) 


rae oy.» — CpeLHAA AUCHepcnA y OTHOCHTEABHO aMBMM perpeccHH, 
«8 — AMCHepCHA AWHHH perpeccuH OTHOCHTeEbHO Yy. 


ee sf _ | 
r= DY V(yy— Ve)? xX Yr (15. 3. 4) 
im j=l 3 
B= Yi —y)?e (xe). (15. 8. 5) 
im} aS 
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Aaa HenpepbIBHEIX 3aKOHOB pacnpefeteHua dopmywn (15. 3. 4) 
w# (15.3.5) mumytca B HHTerpasbHOK opme: 


-f+- 00 + 00 


oy = \ \ (y —y,)? x(x, y) dxdy, (15. 3, 4°) 


— OO =o 


B= \ (¥,—y)? o(x) dx, (15. 3. 5”) 


roe xy HW @ O3HayalOT IWIOTHOCTH BePOATHOCTeH B COOTBETCTBYIOLIUX 
Toukax. B flasIbHeHLIeM MbI OyAeM NOJIb3OBaTbCA TIaBHbIM OOPa30mM 
CHMBOJIHKOH, OTHOCAMIEHCA K JHCKPeTHBIM WIM BbIPaKeHHBIM B JHC- 
KpeTHOoH dopMe 3aKoOHaM paciipeseenua. 

JlerkO BHeTb, ITO B PpaCCMaTpHBaeMOM Hamu cyyae (15.3.1) 


Beg = BO. (15. 3. 6) 


Jlasiee, pH MOCTOAHCTBe YCOBHOH AMCMepCHH Yy OTHOCHTeJIbHO 
JHHHH perpeccHy y m0 x 


war) 


ft 
= 2' Viz — Yu)? 9 (1x) = const (15. 3.7) 


OHa AOJKHA COBMaNaTb CO CpesxHeH AUCHepcHeH Y OTHOCHTeJIbHO JIH- 
HHH perpeccny, T. e. 


pea, (15. 3. 8) 


Cre OBaTe JIbHO, 
oyazoy y+ bay |. (15. 3. 9) 


Viz dopmys (15.3.2) wu (15.3.9) Boirekaer: © 

1. CpeqHaA BeIHYMHa BEIXOMHOM MOrpeulHOCTH y CKMay_bIBaeTCA 
u3 uacTu bx, NpONOPWMOHaTIbHOH CpeqHell BeHUMHeE BXOAHOM Norpeul- 
HOCTH X, HM “ACTH G, NOCTOAHHOLM OTHOCHTeIbHO X. 

2. [vcnepcua BbixXoQHOH NorpelHocTH 6 ‘ CKlaqblBaeTca H3 4WacTH 
b2s', , npOnopuHOHaIbHOn AucnepcuH BXOHOH NOrpelWHOCTH 3%, 
H YaCTH 0} ,, MOCTOAHHOH OTHOCHTEe/IbHO a” 

OHaKO 9TH BbIBOZbI HYKaloTca B sea baaninh leno B TOM, 
aro dopmyibt (15.3.2) u (15.3.9) mpencraBasioT coOoK cooTHOLIe- 
HHS, CIIPABeAJIMBbIe OTHOCHTEJIbHO BeMYHH X, ¥,9%, 5, a, J, a 
ONpPeAeeHHbIX Ha aHHOM KOHKpeTHOM MatTepHase (npouecce). Hs- 
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MeHHTb KAKHe-JIH60 H3 STUX BeHYHH, HAaNpHMep x H Ox, MOXKHO 
JIMUIb H3M@€HHB TOT MaTepHad, QvIg KOTOporo oHH OnpeneteHnt. Ho 
B TaKOM CJly¥ae, BOOGLIe TOBOPA, MEHAIOTCA MW Apyrue, yyacrByromue 
B: STHX COOTHOIICHHAX BeIMIMHHI H, CeAOBATeIbHO, BHIBOAH 1 Hu 2 
He OyAyT BePHBIMH, Tak KaK OHH cchopMy1upoBaHEt B Mpeqnoox«Ke- 


HHH, 4TO BEHUHHEL Q, J, Oo MNOCTOAHHEI OTHOCHTeIbHO x u 02. Oaz- 


HaKO eCCJIH MBI MNPHMeM BO BHHMAaHHe, 4TO MOKa3aTemu a, B, Oe 


ABJIAIOTCA XAPAKTEPHCTHKAMH YCAOGHDIX 3AKOHOB pacnpedenenun Y, 
COOTBETCTBYIOWHX 3a0aHHbIM 3HAYCHHAM xX, KOTOpble B CHIyY coo6pa- 
*KeHHH, YKA3aHHbIX B Haale NMaparpada, He mo_BepraloTcA U3MeHe- 


2 
HHO C H3MeHeHHeEM X H Ox, TO YOEAMMCA B MPABHJIbHOCTH BHIBOOB 
1 u 2. CnengopatTembuo, coorHomenua (15.3.2) u (15.3.9) pemator 
NOCTABJICHHYy!IO B Hatasie Naparpada samayy.. 


§ 4. O ®H3HYECKOM CMbICIE ®OPMY/JI 


O6paTumca K BHIACHeEHHIO (H3HYeCKOrO CMBICAa BeHYMH, BXONA- 
mux B dopmymn (15.3.2) wu (15.3.9). Xora npwHBoquMaa HinKe 
HHTepmpeTrauuA MW He UMeeT OOR3SaTeNbHOTO 3HAYeHHA, OHA MORE 
OKa3aTbcA NOMeSHOH MIA AyUero NOHHMAHHA CoOTHOMeHHH (15. 3. 2) 
wu (15. 3. 9). 

YcsIOBHMCA Npexkme Bcero O CHeXYIOMNHX TePMHHAX uw OG6osHaqe- 
HuAax. [TlomHOk morpellHocTbio Kakoro-1H60 MapamMetpa x umn y 6y- 
N@M HAa3bIBaTb pasHOCTh MeKAY 3HaveHHeM 3TOrO MapameTpa H Tpe- 
GyemMbIM (HJIM HOMHHA@JIbHbIM) 3HaveHHeM, 34 KOTOPOe AIX Napamer- 
pop mepsoro poga! ecTecTBeHHO MIpHHATb CepeqHHy NOMA onyckKa, 
a [JIA CYLIECTBCEHHO MNOJOMKHTCIbHBIX BeJIHYHH — Hayao oTCueTA 
WiKaJibt! — 3HaueHHe 0. JIA MapamMeTpos NepBoro pona yCJIOBHMCA 
OTKOHeHHA x—-C, H y—C, O6o3HadaTb MpocTo uepes x H Y, ey 
uTO Hayao OTCYeTA STUX IpH3HaKOB mepenocutca B Touky (C, C,). 
B TaKoM Bue OHH BxOAAT B dopmMyan (15.3.2) wu (15.3. 9). OTH 
POpMYVIHI, CJIEMOBATEJIbHO, CBASLIBAIOT MexKAY cO6oM xapaKkTepHCTHKH 
NOAHDIX Nozepewnocreti napamerTpos x, Y. 

SamMeTHM Jadiee, YTO B Mpovecce HCNPAaBJeHHA NMOrpeliHocTeh Aw- 
6a oMmepaluaA, NOMHMO HCIpaBJIeHHA, BHOCHT HOBbIe NOrpellHocTH, 
MNOJIHOCTbIO WIM YaCTHYHO He 3aBHCALIHe OT MpeWecTByIOWIHX No- 
rpemHocteH. Tlostomy ecTecTBeHHO paCCMATPHBaTb MorpelliHocTu 
BhIXOMHOrO KauecTBa KaK CYMMY IlOrpellHocTeH, B H3BeCTHOH Mepe 
BOCIIPOH3BOZAWIUX MOrpelWHOCTH BXOZHOTO KayecTBa H He 3aBHCALLUX 
oT HHX. IlocpexcTBoM ypaBHeHHA perpeccHH y MO x yaeTca MpakTu- 
4YECKH IIPOH3BeCTH MoMOGHOe pa3snoxwKeHHe MorpeliHocTeH uw HCMOVIb- 
30BaTb efO JWId NMOCTPOCHHA CHCTeEMBI aAHAJHTHYECKUX MOKasaTeeh, 
BXOAALWHX B ypaBHeHua (15.3.2) uw (15.3.9). 

PaccMOTpHM MOJIA KoppeanuuH (x, y) Cc IpAMOMHHeEMHON perpec- 


1 TlapaMerpaMH Mepsporo pola MH Ha3HBaeM MapaMeTpH, MMeIOMWHE ABy- 
CIOPOHHHe MorpelllHOCTH H OrpaHHYeHHWe ABYCTOPOHHHMH JOlycKaMuH. 
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cHeH Y MO x—OfHO Aa MapaMerpoB NepBoro poga (puc. 77a), 
Apyroe — JWiq CyWeCTBeHHO TOJIOKUTeIbHEIX BeHUHH (pHc. 77 6). 

OueBHAHO, YTO MOHAA MOrpeWHOCTb BbIXOMHOTO MapaMmetpa Ka- 
KOH-1H60 JeTaiw y CKNafblpaeTcA W3 Tpex uacrTeli: Y—Y,» Ox, a, 
OOO3HAYeHHBIX COOTBETCTBEHHO Ha puc. 77. Ot Tpu KOMMOHeHTA 
NOMHOH NOMpewiHOCcTH NMoOyualoT Cemylolyee MCTOAKOBAaHHE. 





Puc. 77 


KomnoueuT 6x mpencTaBaeT co6oh 4wacTh BbIXORHOK NorpellHo- 
CTH, MPONOPUHOHAabHy!O BXOAHOH MorpeulHocTH x. Ou Ha3blBaeTca 
nepeHeceHHou uz npedoidyiweli Onepayuu uacTbio NOrpewWHocTu Y, 
a Kos@uWHeEHT b MOMKHO Ha3BaTb KOag@uyuenTom nepenoca (nTepe- 
auv, KOMMPOBaHHA, HacvleqOBaHHA) morpeLlHocTei. 

TIpy 6=0 auyus perpeccuu NapaduiesbHa OCH X, NepexHoca He cy- 
wecTeyeT, AMEBIUHECA paHee MOPPeWIHOCTH MOAHOCTOIO UCNPABAAIOTCR. 
TIpu b=1 umeer MecTo NoJHEI MepeHoc npexHHX NMorpelHocted, 
ucnpasArenue orcytcreyer. VIpw O<O<1 uMeeT MeCTO 4aCTHYHBIA 
mepeHoc HM ‘YacTHuHOe (HenomHOe) HcMpaBseHHe NmpexHUX Morpell- 
HocTeH. TakuM o6pa30M, KoadduuneuT nepenoca b noKasbiBaert, Ka- 
Kad WaCTb NpexkHeH MOrpelIHOCTH 6 CpeOHem MepeHOCHTCA Ha BbIXOL- 
Hoe KayecTso. BenuynHa 1—b, KoTOpylO MOXKHO Ha3BaTb KOsp@u- 
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4YUEKTOM UChpasACHUA, NOKA3bIBaeT, KaKaA 4YaCTb MpexkuHeh norpeu- 
HOCTH 8 CpeOHem UcnpasAReTcA B xOfe ONepauunH. 

@opMasbHO BO3MOXKHBI UW cyyav, Korma b>1 u xKorna b<O. 
Tlepspii MOXKHO Ha3BaTb Clyyaem nepeHoca c ycuaenuem, BTOpok — 
caywaem ceepxucnpasaenun. OctaeTca moka OTKPBITHIM BOMpoc, 
BCTpevalorca JIM TaKHe CJly¥av Ha MpakTuKe HW MPH KaKHX yCJIOBHAX. 


Bropoi KOMNOHeHT y—y, ABJIAeTCA 4YaACTbIO BbIXOAHOM norpeui- 
HOCTH, KOTOPanA KOPpeJIAWUHOHHO He 3aBHCHT OT BeJHYHHbI BXOJHOH 
MOrpelwHocTH x. Ota Norpeluinocts O6pasyercaA BHOBb Ha MaHHOit 
onepalluH H He MMeCT CHCTeMaTH4eCKOrO XapakTepa, Tak Kak CpeqHAA 
BeIM4HHa BCeX TaKHX MOrpeliHocTeH (Cc yueTOM 3HAKOB) paBHa HysJI0. 
Ee MOXHO Ha3BaTb co6cTeenHou cayuatino norpewHocTbIo onepa- 
uw. PasMepbl coOcTBeHHBIX cyuaiHbIxX morpemHocteli xapakrepu- 
SylOTCA AuCHepcHelt oF ,.9, , — cpednexeadparuueckan coOcreenHaa 
CAYYAUHAA NO@pewWNOcrTo onepayuu. 

Tpetui KOMNOHeHT @ ABJIAeTCH NOCTORHHOL (NoAOMKUTeAbHOU UAU 
oTpuyarenbHou) coOcTeeXHoll nozpewnNocToo Onepayuu. Ona yBennH- 
YHBaeT HIM YMeHbIaeT (CMOTPA NO 3HaKy Q) BCe BEIXOAHbIe norpeul- 
HOCTH Ha OJHY H Ty Ke BeMUMHy. Aaa Napametpos Mepsoro poga 
NOCTOAHHAA NOPpelHOCTb @ 4aCTO MOKeT ObITh OTPeryMpoBaHa Ha- 
CTPOHKOH Mpollecca Ha COOTBETCTBYIOWWHA pasMep. B TakuHx cayyaax 


cooTHomeHHe (15.3.2) MoxHO HCNOAb30BaTb He AIA ONpemenenua y 
NO JaHHBIM x, 2 uO, a AA OMpeeeHHA HeM3BeECTHOrO CMeLIeHUA Q, 
KoTOpoe HeOOXOZMMO WIA TOTO, 4TOGLI KOMNe€HCHPOBaTb OTKIOHe- 
He Ox; NocNeqHee BOSHUKaeT Ha BIXOJe onepalun 6laroqapaA cme- 
UeHHIO WeHTpa TpynMHpoBaHua x Ha BXOMe M ABJeHMIO MepeHoca 
norpemoctel. M3 dopmyin (15.3.2) caeayet, Hampumep, uTo Ansa 


COBMEILeCHHA WeHTpa rpyMnupoBanua y c cepexHHOH Moma onycKa 
(T. e. C HyIeM) HeEO6OXOZHMO KOMMOHeHT a paccuHTEIBaTb NO dopmy.ie: 


a = — bx. (15. 4. 1): 


Jina CyMeCTBeEHHO MOVJIOXKHTCABHBIX BeAHYHH KOMMOHeCHT @ He: 
HCNpPaBJIAeTCA HACTPpOHKOH Mmponecca Ha pa3mep. OH ABJIAeTCA TaKHM 
#Ke MeseKTOM TOYHOCTH Mpowecca, Kak HW APyrve KOMNOHEHTHI Norpeul- 
HOCTH, H ero ycTpaHeHHe TpeOyeT paya MePONpHATHH, CBASAaHHHIX Cc 
H3MeHeHHeM Mpolecca OOpaoorKH Aerasv. Secb BhIACHAeTCA CyulecT- 
BeHHOe PasvIHUHe MEXKAy NOKasaTeAmA y (H COOTBETCTBEHHO xX) AWA 
NapaMeTpoB nepBoro posa XH VIA CYUIECTBEHHO MOMOKUTEMbHbIX Be-- 
JIHWHH. os “? 

jaa mapametpos nepsoro poga y OObIHO paccMaTpHBaeTcCA Kak 
NoKasatTesb CpefHeh HACTPOCHHOCTAH Mpowecca Aa NpaBHJIbHBIh pa3- 
Mep. OcHOBHOM XapaKTepHCTHKOH TOUHOCTH CAyKUT AMcNepcua Mo- 
rpeliHocTu — Oyu OCHOBHOe 3HaYeHHe JIA OLCHKH BHIXOAHOM TOUHO- 
CTH MO BXOJHBIM J@HHbIM wMeeT cooTHOWeHHe (15.3.9), omeHHBato- 
mee STy AHCHepcHn. 7 
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Jina cyltiecTBeHHO NOJIOMKUTCJIBHBIX BeIHYHH Y He/Ib3A PacCMaT- 
PHBaTb Kak OKa3aTe/Ib HACTPOCHHOCTH pomecca. OH ABMAAeTCA, Ha- 
pay c 0%, NOKa3saTeyeM TOUHOCTH HM B COveTaHHM C o% Maer Oosee 


MoHoe MpescTaBseHve o TOUHOCTH Npouecca. Ilyru Takoro co“eTaHusa 
yKa3aHbl B Maparpade 6. 


§ 5. NPHMEP PACYETA NOKASATEJIERA 


Tloxa3atreiu, Bxonaumme B topmyap (15.3.2) u (15.3.9), pac- 
‘CUMTHIBAIOTCA To WavHbIM OoOIbIoro uucNa HaOOAeHHH, MpoBezeH- 
HbIX MO cxeMe mpouecca (a), culenyioulHM oOOpa3om. [lapamer- 
Dbl a@ uw O paccuNTbIBaloTcCA NO CMoco6by HaMMeHbUIHX KBaApaTos. 
Ouenky NokasatTeia of, MPOH3BOqHM 0 dopmy.le: 


x 


Ss t 
oy == YN (y,— ys)? my, (15. 5. 1) 


iml j=l 


re m,,— wacTOoTa KOMOHHAaLAH (x,, Y,), 
nm— o6mee 4ncao Ha610neHHE, 


Ve, = a-+bx,— OpMHaThl AMHUM perpeccuH. 


IIpumep. Jl1a BbIACHeHHA BOMpOCca O TOM, B KaKOH Mepe oOnepa- 
WMA XOHHHTOBAaHHA MCNPaBAAeT MOrpeluHOCTH reoMeTpHYeCcKOH POPMbI 
jletaan, B Ja6opatopun pe3sanua SYJI H. MW. Popoeukua uccneqopan 
HELMJIHHAPWUHOCTh eTasIeH WO U Mocse sTOH onepauuH. Tloka3aTemb 
HEWHAHHIPHYHOCTH ONpeswesAeTCA KaK Pa3HOCTh MeKAy HavOOVIbHM 
UM HAMMeHbIUHM J\MaMeTpaMH feTau B pAae HadJlexKalluM OOpa30M 
BbIOPaHHBIX CeYeCHHH WH OTHOCHTCA K CYLKECTBEHHO MOJIOKHTE/bBHBIM 
BeJIHUHHaM. Pe3yJbTaTbl H3MepeHH CHCTeMaTH3HPOBaHHI B KOppeJA- 
WHOHHOK Ta6IMue (Tabs. 73). 

PaccuutaHHaa no TaOJMue SMMMpH4eCKaA JIHHHA perpeccHH Y 
110 X UMeeT OTUCTIMBO BLIPAKeHHbIM NpAMOJIMHEMHBIN xapaktep. IIps- 
Masi perpeccHv, paccudTaHHaa mo ciocoOy HaMMeHbIIHX KBafpaTos, 
yKa3aHa Ha pucyHke (puc. 78). [Ipupogqum Ta6lMlly BaxkHeHUIHX T0- 
Ka3aTeseH TOUHOCTH OMepanun (Taba. 74). | 

TIlpopepum cooTHowenua (15.3.2) wu (15.3.9). 

(15. 3. 2)— 1,145+0,148 - 12,62=3,012 
(15. 3. 9) — 1,637+ 0,022 - 34,66= 2,396 

CooTHOWeHHA YOBJIETBOPHAIOTCA. 

PewiuM flo JaHHbIM MpeAbizyuWlero MpHMepa CHeAyIOWywO 3aayy. 
IlycTb yaslocb COKpaTHTb CpeMHHH pa3sMep BxXOMHOFO KayecTBa x Ha 
20%, ao, Ha 30%. Tpe6yeTca OWeHHTb, B KAKOM CTeMeHH COKPaTATCA 


aHaJIOrHYUHble TOKa3saTevn Y U Oy mocjlie OnepalWH XOHHHIOBaHHHA. 


Ucxoaa 43 AOMNyULeHHA, UTO Oy.x, @ u b He H3MeCHWJINCb, NOACTaBHM 
B popmymn (15.3.2) u (15.3.9) mpexuue 3HaveHHA STHX MOKa- 
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3aTeleh, B3ATHIe H3 Ta6/. 74, H HOBblIe 3HayeHHA x Hn o,. Tlonyqum 
y=2,64, o, =1,417. Cnegopatenbuo, y coxpaTutca wa 12,35%, o, — 





y 
Ha 846%. 
Ta6auya 74 

1. Cpegquaa BxOaqHaa NorpeulHocTb ...... x = 12,62 
2. Cpeauee KBa1paTH4eCKOe OTKNOHEHHE BXOAHDIX 

MOrPEWUIHOCTeEH «2 6. we ee ee ee ee] Oy 5,887 
3. Hucnepcua sxogquofi morpeunoctu. .....| 0% = 34,66 
4. Kosuunent nepenoca norpemnocteh . . b = 0,148 
5. Noctosuuan co6cTBeHHaad NOrpellHOcTh one- 

pauHH a a ee ee ee o a=1,145 
6. Cpenneksaapatuueckaa co6OcTBeHHasd cayyalinan | _ 

NOrpelwwHOCTh OMepalHH ... = - .. 6.) Lt) Oye = 1,279 
7. ucnepcua co6ctTBenusix cayyainbix norpeu- 35 

HocteH ....... GAS een Gere te ee oc | = 1,637 

yx 

8. Cpequad BbIxXOfHad MorpemHoctb. ....;/ y=38,012 
9. Cpeanee KBanpaTHyeckoe OTKAOHEHHE BHXOX- 

HbIX MOrpewlnHocTeh .. .. 1 we ee eee o, = 1,548 
10. Ducnepcua ppixogubix norpemHocrei#. . .. . of = 2,396 


B mpedbiqyulem Naparpatbe oTMeyasoch, 4TO AVIA CYyeCTBeHHO 
NOJOKUTCAHBIX NapaMeTpoB KavecTBa CpeAHWH pa3Mep MapaMmerpa 


y (Wau Xx) M ero AucMepcua oy? (unu oO ,*) MOMKHI ObITb HCTOb30- 
BaHbI JIA mocTpoeHua o6oOmlaiomero noKa3saTeia TouHocru. B Ka- 
ueCTBe TaKOrO NOKa3aTeJIA ECTECTBEHHO MPHHATb BeAMYMHY HHTep- 
Bala pacceAHHA MorpelHoctTeH, rapadTHpyemoro c uKcupoBaHHoOn, 
WOCTaTOYHO OIH3KOH K CAHHHMIe BePOATHOCTHIO, HAaNpHMep, c Bepo- 
aTHOCTbIO 0,999 umn 0,9973. MeroauKka onpemeneHua 3TOoro NOKa3a- 
Tein Tpe6yeT OSHAKOMJICHHA C 3€KOHAMH pacnpeseeHHA CYLWLeCTBEHHO 
MNOJIOMKUTEJIBHBIX BEJIMYHH (CM. HWKe). 


§ 6. PACNPEXEJEHHE CYLJECTBEHHO NOJIOKHTEJIDHbBIX 
BEJIHM4YHH 


CyliecTBeHHO MOJIOKHTeIbHBIe BEAMUHHI, XapakTepH3ylomlne Ka- 
YECTBO M@HIHHOCTPOHTeEJIBHCH MpOAYKUMH (SKCUEHTPUHCHTeTHI, OueHHA, 
HeECOOCHOCTH H Jp.), B SOJIbDUIHHCTBe CJlyyaeB ONpeeNAIOTCA pa3HoO- 
CTbIO MeKTY HavOObIUHM H HA@MMCHbIUHM 3HAaYeCHHAMHM Kakoro- 
AH60 MapaMeTpa, pacnpezeyleHHoro NO HOPMaJIbHOMy 3akKoHy. O6Ha- 
Py2KeHO, TO 3AKOHbI pacnpesesleHHA TaKHX BeJIMYHH O/IM3KK K 3€KOHY 
pacnipeqeieHHA pa3MaxOB OTKJIOHEHHA B CJIyYaHHbIx BHIOopKax H3 
HOPMA@JIbHO paclipexeseHHow coBokynHocTH '. B cBa3H c 3THM 3aKOH 
pacnpegeeHHaA pa3MaxoB mpHo6peraet BaxKHOe 3HaueHHe B M—pak- 


18. MW. JiykKomec kui, Cratuctuyeckut aHalM3 WM KOHTpO/Ib CylleCTBeHHO 
NOAOMHTCIbHEIX BCHYHH, XAPAKTePH3YIOUIHX KayecTBO NpOAyKUHH, KX. «Crayuzap- 
TH3auHA» Ne 1 uw 2, 1955. 
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¢ | —8 “1 a6 | = | os ee | _o|—-11] 0 1 jai 3 
x 
y! oe 3 | 4| 5 : 6 | 7 | 8 | 9 12 1s | 14 
sia Sede oe ip | | 
| | fe | | 
3 | 6 | | 
2 | | oe 
i | : | | | | 1 | i 
| | | i | ; i i i | 
: | ‘ 2 | 9 1 1 1 1 | 4 
| 3 | | | 1 | 1 | 4 | 2 | 3 1 1 | | 
1 | ] —3 , —3 1) —I = | a) 
ate LO SL he a eee 
| | i | 4 5 = a er op a ee = 
ae ' 1 1 e 6 1 1 9 1 | 1 | 
—378 | 
-2.75| 0 | | P| | | 
1 | 
uroron | 2 [oj s | 6 | 8 s||s | s 8 CE 
| hx’ | -16 | o| ~s0 | -30| -32| -s9| —12| ~s 0 6 | 4 | 6 
| ax"? | 28 | o| 19 | 150 | 15 | ur | | 5 | 9 6 |s | 3 
| zymy’ | 3 | of -1 |r| -6 | ef 2] a | 4] 2 [2 | 
ical 24 | o| 6 | 38,75 | 4 | 39 | 4 | 1 | 0 | —2 | 2 | 3.4 
| 
| ra | —1,50| — | —0,20| —1.29] -0,75) - — 1,00) —0,33) 0,20| —0,50| —0,33 0,50 | —0.60 
ly ea 1,50 | — | 2,80 | 1,71 | 2,25 | 2.00 | 2.67 | 3.20 | 2,60 | 2.67 | 3,50 | 9,50 





THKe CTATHCTHYeCKOFO aHaJIH3a H KOHTPOJIn KavecTBa MaLIHHOCTPOK- 
TebHOH mposyKuun. Hume uaiaraloTcA CBOHCTBa 3TOTO 3aKOHa H 
MeTOMHKa OOpaGOTKH OMBITHBIX JAHHBIX, CJEAYIOUIMX STOMY 3aKOHy- 

3aKkOH pactipefeseHHa pa3sMaxOB B BbIOOpKaX H3 HOPMa/IbHO Pac- 
IpeNeNeCHHOH COBOKYNHOCTH BbIpaKaerca (bopMy.10H 


x v2 

a ec 

b, (x; aj=— 7, & a { ar | e ** dt |dy, (15.6.1) 
a’ (2x) : = (ae 


2 


re (x; @)— MAOTHOCTS pacipewereHHA B TONKE X; 
¥ H @— TlapaMeTpbl 3aKOHAa pacupeevieHHa. 
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Tabauya 73 
4 | 5 ! 6 | 7 18 | 9 | 10! 11 | 12 | 13 | 14 | 6 | Aor 
is | 16 | 17 | 18 | 19 | 20 | a1 | 22 | 23 | 24 | 25 | 26) a7 | 2 | ly! | Ly’? 
Pe | | | | | 4 | 
| | | : | aes eae ae 
BRR ERS >] | « 
E le ‘4 
(a ae eee Ll i, Pf af 
1 | 2 3 11 8 1 1 18 
ee ee | 20 | 20 | 2 
| , 2 I3 fe i }2 
els Bie i | | | | o | o 
= qi =] = | . | 2 
1 a 1 1 | . 
| | | | | | 19 | -38 | 16 
3 | | 6 6 | 6 | 0 | | 
12 | 20 | 96 14 48 | 54 20 22 | 12 26 | 14 | 0 32 | 162 | | 
48 | 100 | 216 | 98 34 | 486 | 200 242 | 144 338 | i9 | 0 si2 | 3728 | | 
1{2|7]-3 7| 8/2 5 | 1 2 | 2|o] 5 | 125 | | 
4 | 0 | 42 | -2] 56 | 72 | 20 | 55 | 12 | 26 | 28 | 0 | a0 | st5.75 | 
0,33 | 0,50 | 1,17 —1.50 1,17 | 1,88 | 1,00 | 2,60 | 1,00 | 1,00 | 2.00 — | 2.50 | | | 
3,33 | 3,50 | 4,17| 1,50 | 4.17 | 4,33 4,00 | 5,50 | 4,00 | 4,00 | 5,00 | — | 5,50] | | 
SaMeHoH NepeMeHHEIX 
siete 
(15. 6. 2) 


b,(w; 1) = ay, (x; a) } 


ypaBHenve (15. 6. 1) mpHBOaHTCA K HOPMHPOBaHHOMy BHay C 
nmapaMeTpoM @=1. 


3aKoH pacnpegeteHua (15.6.1) OygemM Ha3bIBaTb 3aKOHOM aw 
Hw npH a=| — 3aKOHOM Ww. 


Tlapamerp v ompemesser MopsfoK 3aKOHa pacnpeyeeHua aw 
(B cnyyaiHEIxX BbIGOpKax OH paBeH OObemy BbIGopKu 7). [Ipu v=2 


333 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 

















ve 
ale 
2 , | 
z Bi 
ues | 
es os | 
aI gE» E | 
+ = 
: oe | 
| Ais = 
N = 
i h y key O. 
+—I a . 
CER et ee. te 
lsy 
f| eeprom SD bt 
= s = 
St ry = 
TTT STE oe 
os | 
ae nail RY ey Oe 
| key me ok) a 
\ Sa As 
G * | 
it ic x Hoo | 
es oO | 
hoe Ie ae = 5 | 
<4 ! 
\ _ os 1 
VA Qe EE 
Eta ORCS lke Be 
Qk 
INS MA, AS | 
ERR eee | 
= 
ns == | 
} “~ © = f 
y' Le £5 
St = | 
Seu: as 
3 88 
a oS iw 
7 eee eee 
\ em | 
i 1 
Pei § ! 
> S 
eaene h Ley © 
; us = | 
ly ra | 
S 
| ip 2 
A 
ry fa) 
| 
ty ° 
Peesidile, | 
ae 3) 
ees ie Fe Se Oe ee 
6 HH & HS B&B BH & BHO a 
1 = Ss wy 
nnnpdavo avo 








334 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


sanitized Copy Approved for Release 2010/06/16 : CIA-RDP80T00246A045100330001-4 


KPpHBad aw MpescTaBiaeT coOok MOOBHHY HOPMaJIbHOM KpHBOM. 
C yBeHYeHHeM V KPHBad CMelaeTCA B MOMOKUTCIBHOM HalpaBseHuHn 
OCH X, paccefiHHe KPHBOH MeJVICHHO cOKpallaetca. Jlio6onniTren xa-. 
PpakTep H3MeCHEHHA MOPMbI KpHBoK aw. B o6macTu HeOOMbUIMX 3Ha- 


7 beets | | || 
1 ae A On ae 
TG UN aa 


i \ 


Puc. 79. Kpuppie pacnpegxeaenua aw npx a= 1 














25 Za ~ eS = = i s 60 Wt 


yeHHA v, MpakKTH¥YeCKH MCMOMb3yeMHIX JIA BLIDaBHHBaHHA paciipene- 
AHHH CYULECTBEHHO MOJOXKUTEIBHBIX BEIMYHH, C YBEIMYeHHEM V KDH- 
Bah CTaHOBHTCA Ooslee CHMMETPHYHOH, 3aTeM pu Oovlee 3HaduTeNb- 
HBIX Vv ACHMMETPHA HW SKCUECC KLPHBOH MeJVJICHHO yBeJIHUMBAIOTCA. STO. 
BHZHO U3 puce. 7/9 uw Ta6n. 75', B KOoTOpOH MpHBezeHHI OCHOBHHIe ma- 
PaMeTpHl, XapakTepH3yloliMe MOowKeHHe, paccesHue U POpMy KPHBEIX 
pacnpenzeneHHA IA WeNbIX 3HaveHHH v npH a=1: w, — cpenHHe 
apudMeruueckHe;' o, —CpefHHe kBapaTHuecKHe OTKTOHeHHS:, 


G 
y= = — kospuunenTH BapHaunn; A,— noKa3aTemu acHMMeT- 
Ww 


v 


pun; £, — moka3aTeau 9KcueCCa. 


C yBenvueHHem NapaMetpa a KpuBan pacipezeneHua paBHOMepHoO. 
pacTarMBaetcA MO OCH aOcCUHCC MH CKUMAETCA MO OCH OPAMHAT TaKHM 
o6pa30M, 4TO BCA MOWagb, OrpaHwyeHHad KPHBOM uM OCbIO aGBcIIHCC, 
COXpaHAeTcH HeH3MeHHOHM Hu pabHor 1. IIpu atom sce GespasmMepHbte 


1 Ta6nna cocTaBjeHa no 2aHHHM JI. Tunneta (Biometrika, 1925) u 3. Iup- 
cona (Biometrika, 1926), Hexoropble ¥HCNa BOCCTaHOBJeHH Mo rpaduKkamM. 
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XapaKTePHCTHKH pacmpegzenenua, Kak-To: A,, E,, V, ocrawrca 6e3 


u3MeHeHHA. Pa3sMepHble Ke MOKa3aTeIH pacnpeseneHuA W, HU 4, 
H3MeCHSIOTCH HPOMOPUHOHAJIbHO BeIHUMHe a. 





Ta6auua 75 
y Wy [* fe fs Cy V, A, E. 
9 1,1284 | 0,855 1 arse | 048525 | 0,756 | 0.9953 | 0,692 
3 116926 | 078884 | 0,525 | 0.6461 | 0.2864 
4 270588 | 0.8798 0497 | 0.5230 | 0.1884 
5 2'3259 | 0.8641 | 01371 | 0.4655 | 0;1693 
6 275344 | 0.8480 07335 | 074350 "1698 
7 2°7044 | 0,833 0,308 | 0-41 0°18 
: 2'8472 | 0'820 | 0,288 | 0.40 0/19 
9 2°9700 | 0.808 0,272 | 0739 0720 
10 3'0775 | 0,797 0,259 | 0739 0722 
1 371729 | 0,787 | 0.248 | 0.39 0793 
12 3.2585 | 0.778 | 0/239 | 0/39 0/24 
20 31735 0°729 07195 | 0/40 0726 


Hue waviaraeTcaA MeTOMHKa BbIPABHHBaHHA OMNbITHBIX KPHBbIX 
pacnpenenenus. B ra61. 76 NpHBomuTCA B KayecTBe TIpHMepa pad 
pacnpemereHua KOJIel, MO MapamMeTpy «HeMapaJVIeNbHOCTh TOPILOB> 
Mocle WwIM®oBanua oTBepctua (cm. puc. 80). B rpade | Ta6sauuH 
yKa3aHbl PpaHHlbl, B rpae 2 — UeHTpbI HHTepBaJIOB, NOJIyWaeMbIx 
pH OKpyrieHuu 3HaveHHi MpH3Haka B Mpowecce H3MepeHua. OTMe- 
TUM, TO WWIWHa HHTepBasla, KOTOpbId HayHHaeTca B TOuKe 0, Kak 
BHIHO H3 TaGJIMUbI, WOKHA ObITh BABOe MeHbIe JJIMHbI KaxKOro v3 
Moceqylouwux uHTepBasios. B rpade 3 MpvBexeHbI YaCTOTbI COOT- 
BeETCTBYIOWHX HHTePBaJOB. 

Tlo 2aHHBIM TaGJMIUbI PAaCCIMTEIBAIOTCA CpeMHAA apudMetTuyeckad, 
cpefHee KBafpaTHyecKkoe OTKJOHeHHe, KOSPOHUMeHT BapHalun. 


B Hawiem mpuMepe x=6,950, o=2,255, V=0,324. B ra6. 75 Haxo- 
uM 3HaueHve V , HavOoulee 6H3KOe K PaCCUHTAHHOMY 3HaYeHHIO 
0,324. Sto sHaueHve cooTsercrsyer v=6. Ilostomy B OCHOBY BEI- 
DABHHBaHHA OMBbITHOTO pacnpefeieHHaA MpMHHMaeTCA WecroH MopsA- 
MOK TeopeTHuecKoro pacnpegesenua (15.6.1). 

Jlas onpeneseHua mapaMeTpa @ HaXOJHM MpeABapHTe/bHO a’ Hu a” 
mo (opMyJiamM: 





fe, (15. 6. 3) 
Wy 
ne (15. 6. 4) 
| |pHHHMaeM ; 
g2 (15. 6. 5) 
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, > | Tao6suya 76 


Ppannup | Llextp Ua- Benenieca Teopetu- 
HHTepBa- | HHTep- yeckHe 4a- 





__*ep . Aa WHTep- 
0B BaloB gtk ep, | Pvl@ep: 1) one CTOTH 
Xap x | AP, m,—4P,.im 

0 0,000 ee eee ee ee 0,0000 
05 | 0 0,0001 0,03 

l 0,370 0 ,0001 
2 7 0,0300 8,91 

3 I, lil 0,0301 
4 46 0, 1904 56,55 

5 1,852 0, 2205 
6 111 0,3350 99,49 

7 2,592 0.5555 
8 78 0, 2725 80 ,93 

9 3,333 0,8280 
10 45 0, 1260 37,42 

1] 4,073 0,9540 
12 8 0,0373 11,08 

13 4,814 0,9913 
14 l 0,0075 2,23 

15 5,504 0 , 9988 
16 l 0,0011 0,33 

17 6,295 0, 9999 
0,0001 0, SS I et OO le OOD, 

TTP Pe Pe ae 


. | 297 ,00 


B Haulem mpumepe @’ = 2,742, a” =2,659, a= 2,700. 


Jlia MocTpoeHua HHTepnorAAWHOHHOn KPHBOH CJleqyeT HCHONb30- 
BaTb Ta6s. 77, cofepxKalllyio 3HaveHHaA tp, (w; 1) Qa HeKOTOporo 
HaOopa 3sHayeHHh w. Ilpu Hanecenuu HHTepMOJIAUHOHHOH KPHBOHM Ha 
ONMbITHDIM Tpap@uK 3HavYeHHA W YMHORKalOTCA Ha KOIMDHUHeEHT 


. 2m 
J —, The j— BenmmunHa uHTepBala. IIpw nocrpoexuu omnbitHoro 
a 


rpauka YacToTbl HHTepBaOB PacCMaTPUBaIOT KaK cpeqHUe MOT- 
HOCTH PaclipeqeleHHA Ha HX, NOSTOMY YacTOTa HavaJbHOrO MHTep- 
Bala, KOTOPbIM BABOe KOpode APyrHx, ROMKHAa GObITh yaBoena. Ha 
Puc. ‘80 TIPCACTaBJICHbl HHTeEPMOJIAWHOHHbIe KPHBblIe aw BMECTe C 
ONMbITHBIMH rpadukamu. Xopowsee CoOTBeTCTBHe 3STHX KPHBLIX oOue- 
BHAHO. 

7lia onpegesenua BeposTHocTell u TeopeTHuecKux uaCTOT pac- 
TIPeAECHHA QW MOKHO BOCHOMb3OBaTECa Tabs. 78 KYMYyJIATHBHON 
@YHKUMH pacnpesetenua w: 


P,(w; 1)=| 4, (6 Dae (15. 6. 6) 


0 
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Ta6anua 4, (w; 1) (cpeaquee 3HayeHHe Ha uHTepBade 0,05) TaGauya 77 
ae 2 | 3 | 4 | 5 | 6 | 7 | 8 | 9 | 10 | 11 | 12 
Ww a 
v, (w: 1) 
0,000 | 0,564 0,000 0,000 0,000 0,000 0,000 0,000 0,000 0.000 0,000 0.000 
0,225 0,556 0,122 0,020 0,002 0,000 0,000 0.000 0,000 0,000 0,000 0,000 
0,475 0.532 0,246 0,082 0,022 U0, 006 0,002 0.000 0,000 0,000 0,000 0,000 
0,725 0,494 0,346 0.170 0,072 0,028 0,010 0,004 0,002 0,002 0,000 0,000 
0,975 0,444 0,412 0,270 0,150 0,076 0,038 0,018 0,008 0,004 0,002 0,000 
15220 0,36 0,446 0,360 0, 246 0,156 0,094 0,054 0,030 0,016 0,010 0,004 
1,475 0,328 0,444 0,422 0,342 0,254 0.178 0,122 0,080 0,050 0,032 0,012 
1,725 0,268 0,418 0,452 0.416 0,352 0,280 U,216 0,160 0,118 0 ,U84 0,058 
1,975 0.212 0,370 0,444 0,458 0,428 0,378 0,320 0,264 0,214 0,170 0.132 
2,225 0,164 0,312 0,412 0,460 0,470 0,450 0.416 0,3:4 0,326 0, 280 0,238 
2,475 0,122 0,252 0,356 0,428 0.466 0,482 0,476 0,458 0,426 0, 392 0,356 
2,725 0.088 0,194 0,292 0,372 0,432 0,470 0,492 0,496 0,490 0,478 0,456 
2,975 0,062 0,144 0,226 0,304 0,368 0,422 0,462 0,488 0,506 0,512 0,514 
3,225 0,042 0,102 0,170 0,234 0,296 0 352 0,398 0,438 0,470 0,496 0,514 
3,475 0,028 0,070 0,118 0,172 0,224 0,274 0, 322 0,364 0,404 0,336 0,466 
3,725 0 018 0,046 0,082 0,120 0,162 0,202 0,242 0,282 0,320 0,352 0,386 
3,975 0. 010 0,028 0,052 0,080 0,108 0,104 0, 172 0,204 0,231 0.266 0,296 
4,225 0,008 0,018 0,034 0,050 0,070 0.092 0,114 0,138 0,164 0,188 0,210 
4,475 0.002 0,010 0,020 0,032 0,044 0,060 0,074 (090 0,106 0,124 0.142 
4,725 0,002 0.006 0,010 0,018 0.026 0.034 0,046 0,034 0,006 0,076 0,090 
4,975 0,002 C002 0,006 0.010 0,016 0,020 0.026 0,032 0,038 0.046 0,052 
9,225 0,002 0,004 0,006 0,0U8 0,010 0,014 0,0:8 0,022 0,026 0,030 
5,475 0,002 0,004 0.004 0,106 (0,008 0.010 0,012 0,014 0,016 
5,725 0,002 0,004 0,004 0.004 0,008 0,008 0,008 
5,975 0,002 0,002 0,002 0,004 0,004 0,004 0,004 
6,225 0,002 0,002 0,002 0.002 
Mona. ..} 90,000 1,375 1,800 2,125 2,333 2,025 2,700 2,800 2,925 3,025 3,100 


Moaanbuaa 
opannata| 0,564 | 0,450 | 0,452 | 0,462 0,474 | 0,482 | 0,492] 0,500 | 0,506 | 0,514 | 0,520 
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Matouleh BepOATHOCTh 3HayeHHi x<aw. B rpadax 4—7 ra6n. 76 
yka3aH NOPAMOK pacueTa BeEPpOATHOCTeH H TeEOPeETHYeCKHX YACTOT AA, 
HHTepBaJlOB X Halllero mpuMepa. | | 


® * 
Ps 


Ha ocHose H3/10%KeHHOM BBIWe MeCTOIMKH MOXKHO HCUHCIATh 0606-. 
IarloWiHe NOKa3saTeM TOYHOCTH JO UH Noce onepawuu MO WaHHbIM x 


H 0, HM COOTBETCTBEHHO y H O,.B KayecTBe TaKOrO MoKasaTeA MIpH- 
HHMaeTCH HHTepBaJl PaCCeHHHA MOrpeulHOCTeH, MMeIOWHH Hayao B. 





2 6 6 86 © 2 & 6 f 2 3 6 § 6 Ff 
Henapannensnocin mooyc8, Mx Suenve mopya, nx 
Yenobusse odosnavenus: 
onumnaa npubas - — —— meopemuvecnan npubar — 





Puc. 80. Onbitubie H TeopeTH4¥eckHe KpHBEIe pacnpexenenua 
norpewHoctreH 


HyJI@BOH TOUKe HW rapaHTHpOBaHHbIt c BeposATHOCTHW, (HKCHpoBaH- 
HOH Ha ypOBHe, NOCTaTOUHO 6u3KOM K 1, HanpHMep C BepOATHO- 
cTbIO 0,9973. 

Hisaraem H¥2Ke MeTORMKy pacueTa Takoro NoKasaTena no maH- 
HBIM MpumMepa Tabu. 74. 


PaccunTbiBpaem cheppa Kosbuuexthl Bapvalluu V.== H Vi==, 
a 10 KosPulHeHTaM BapHallHH, Nosaras B OCHOBY pacueTos cemeii- 
CTBO TEOPETHYCCKHX KPHBbIX PacnpeeeHHA aw, — MapaMeTph v H a. 
Toayyaem: | 
548 7 
V ——-——— _. 1,548 == () 
7 == (),467, V, 3.012 0514. 
SHayenne Vy, O43KO K Ta61H4HOMy V,= 0,525, caeqoBa- 
TEIbHO, NPHHHMaem Y= 3, OTKYyza @, OKa3bIBa€TCA paBHBIM 1,761. 
Tlompsyacb Ta6a. 78, HaxonuM Wy* KaK KOPeCHb y paBHenus 


w* 


¥ 
P(w,*; 1)= | b(t; 1) dt = 0,9973. 
rs ’ 
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Ta6anua Bepoat 




















0 | 0,000} 0,0000 | | | 
0 | ,0564| ,0028] ,0N01 

O | ,1125] ,ollu} ,cOlO}) ,0001 | 

yo | ,1680! ,0245) ,0034} ,0004 | 0,0000 | 

0 


2227} 0431] ,0079} ,0014 , V0U2 | 0,0000 ; 


0,2763 | 0,066 +] 0,0152 | 0,0033 | 0 ,0007 |. 0,0002 | 0,0000 
O60 | 13286] 50944] [0257| [0008] 50017] 50004) ,0001 OOO aa 
0'70 | 13794) (1263| 50398] ,0121| ,0036] ,0011) ,0003] DOT) 0, Aim 
0780 | 14284) 31616] 30578] ,0200} .0068] ,0023/ ,000%/ .O92, ,ONN 
0°90 | 24755] [2000] ;0797| ,0309] 0117) ,0044) 0016) . | 


05 10,2407 | 0, 1057 | 0,0450 | 0,0188 | 0,0078 | 0,0032 | 0,0013 | 0,0005 
ia 38 2833| 11355] ,0629| ,0287] 0129) ,0057) ,0025 0011 
1'20 | .6039| 73272] 71688] ,0847| ,0417| 0203] ,0098 0047 002: 
1730 | 26420] 73719] 32054] }1104] ,0583] ,0304) ,0157| ,0U80) D0 
1°40 | 76778| 74168) ,2448| .1400] ,0757| ,0437] ,0240| , 


0.7112| 0,4614 | 0, 2865 | 0, 1733 | 0, 1031 | 0,0605 | 0,0353 | 0,0204 | 0,0117 
1'80 7421 | 15053/ ,3299] ,2 01] ,1316] ,08t4| 0499) ,0804 10184 
1170 | 17707| 35481] 13745 52498} .1630] 1064) C684) .0137 | Ae7? 
i780 | 27969] 35894] [4197] ,°920] ,2000) ,1355] ,0910) ,06 0403 
190 | 28209 26290] 74549] (3361| ,2304] 1686] ,1178| .0818) 


| 68 
0.8427 | 0.6645 | 0.5096 | 0, 3816 | 0,2816 | 0, 2956 | 0, 1489 | 0,1072 | 0,07 
S10 's624| “7019| 15534! 14277| ,3260) ,2460| ,1842 1371 101 
5°90 | '8802| 17349| 35957, 14739] ,8720| ,2893} ,2232 1712), 1307 
9°30 | *8961| 17655] .6363| ,5196} ,4190) ,3348) ,2656 2095 | 1645 
2°40 | 1910s] 17937| 16748) 5613] ,4663} ,3820) ,3107) 2514) , 


3 
59 |0,9229 | 0,8195 | 0,7110| 0,€075 | 0,5132 | 0,4300 | 0,3579 | 0, 2964) 0,244 
380 '9340| 78429] +7448] 76487] ,5592] .4782| ,4064 437 2894 
5°70 | 29438] 18640] 7759| 14877) ,6036] .5259) .4 55) 8927) 287s 
578) | 19523 1828] 38045] 37242| ,6461) 5725] 5044) Addo) wares 
9°90 | ,9.97| ,8996] ,8304] ,7580, .6863] ,6174|) ,5920) . 


0,4878 
0.9661 | 0,9145 | 0,8537 | 0,7891 | 0,7239 | 0.6601 | 0,5991 |0,5415 | 0, 
0 ’9716| 19975| ,8746| ,8174| ,7587| ,7003| ,64°6 5892 a 
3°09 | 79763] 79388} ,8931| ,8429} ,7905| 7377] ,6856 18350 5864 
3730 | .9804| 59487) ,9095| ,8657| ,8194) ,7721] ,7248) 6782) spore 
3°40 | '9838] 29572] ,9237| ,8859| ,8454] ,8034) ,7009| ,71Do) 


3,50 {0 9867 0, 9644 | 0,9361 | 0,9037 | 0, 8685 0, 8316 | 0,7939 | 0,7558 | 0,7180 


Mepeneyatana 8 COKpaleHHOM Bue HS xx. Biometrika. tT. XXXII, crp. 301 
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Ta6auya 78 
Hocteh Py (w; 1) 
1 | 12 | 13 | 14 | 15 | 16 | 17 | 18 | ‘19 | 20 - 
| 
0001 
00002 | 0,0001 | 0,0000 
"0005! ,0002] 000! |0,0000 
Oulu! 20005| 0002! ;0001}0,0000 
"0021; 20010] 70005) 0003} ,0001| ,0001 | 0,0C00 
"0038 70021! 0011} ,0006| 0003} ,0002| ,0001 
0,0067 | 0,0038 | 0,0022 | 0,0012 | 0,0007 | 0,0004 | 0,0002 0,0001 | 0,0000 
o1!t| .0067| .0040| 50024! 70014] ,0008| ,0005 '0002{ ,0001 
"0175| 20111| .0069| 0043] 20027] ,0017| ,0011 0004} ,0003 
"0206! [0175] .0115| °0075| :0049| 30032{ 0021 "0009 | 0006 


,0388} ,0266/ ,0182; ,0124) ,0084! ,0057] ,0039 0018} ,0012 


0,0548 | 0.0389 | 0,0276 | 0,0195 | 0,0137 | 0,0097 | 0,0068 00033 | 09,0023 


0749] ,0550] ,0403) ,0295| ,0215]} ,0 56] ,0!114 ,0C60} ,0043 
0994] ,0753] ,€569] ,0429] ,0323/ ,0242] ,0181 0102} 0076 
,12t6}| ,1003| ,0779| ,0605| ,0468| ,0361| .0279 ,0165| 0127 


,1625| ,1300;} ,1037] ,0825} ,0655| ,0519) ,0411 ,0256} ,0202 
0,0383 | 0,0309 
'0552| 0455 
,0768| ,0647 
,1037| ,0889 
,1360| ,1186 


0, 2007 | 0, 1644 | 0, 1342 | 0, 1094 | 0,0890 | 0.0722 | 0,0586 
, 2429} 2033} ,1697} ,1413) ,1174] ,0974) ,(807 
,2885| ,2462} ,2096} ,1780| ,1509|] ,1278} ,1080 
,3368} ,2926) ,2536] ,2194; ,1894| ,1632; ,1405 
,3870} ,3417;) ,3011] ,2647/ ,2324] ,20.6) ,1782 


0,1737 | 0, 1538 


0,4382 | 0,3927 | 0,3512 | 0,3134 | 0, 2792 | 0,2484 | 0,2207 
,2164} ,1943 


,4895| ,4446] ,4029} ,38645] ,3292] ,2970| ,2675 


5401] ,4965| ,4555] ,4171] ,3814} ,3483] ,3177 ,2635| ,2396 
5893 | ,5475} ,5078} ,4703) ,4348] ,4016] ,3704 ,3142| ,2890 
,6363| ,5970} ,5592} ,5230) ,4885} ,4557| ,4246 ,3677 | ,3417 


0 ,6807 | 0,6442 | 0,6087 | 0,5744 | 0,5413 | 0,5096 | 0, 4792 0,4226 | 0,3964 





—320(9. Nupcou uw Xaptan). 
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2fafats[e]7]s |e] w 





60 

70 | ,9911] ,9759) ,9559] ,9326] ,9167! ,8790; ,8501] .8204| ,7902 
8) | ,9928! ,9803] ,9637] ,9441} ,9222| ,8485| ,8736; ,8477) ,8212 
,90 | ,9942} ,9839] ,9703] ,9540| ,9355/ ,9155; ,8941} ,8718| ,8488 


0,9120] 0,89 9| 0,8731 
9973] ,9112| ,8943 
9404! ,9269] '9126 
'9514| 9402] 9283 
9607} ,9514| 9316 


4,00 | 0,9953 | 0,9870 | 0,9758 | 0.9623 | 0,949 ; 0, 9300 
4,lu | ,9963] ,9895| ,9804] ,9693; ,9566| ,9425 
4,20 | ,9970| 9916! ,9842} ,9752| ,9647| ,9530 
4,30 | ,9976] ,9933] ,9874} ,9800; ,9715|] ,9619 
4,40 | ,9981} ,9947; ,9899} ,9840| ,9771| ,9692 


0,9684 10,9608} 0,9527 
'9747| ,9686| ,9620 
9789} 397501 '9696 
'9842| ,9802] ,9759 
'93876| .9844| .9810 


4,50 |0,9985 | 0,9958 | 0,9920 | 0,9873 | 0,9817 | 0,9754 
4,60 | ,9989} ,9967!| ,9937| ,9899] ,9555) ,* 804 
4,70 | ,9991} ,9974] ,9¥51] ,9921) ,9585] ,9845 
4,80 | ,9993! ,9980; ,9962; ,9%38) ,991U; ,9878 
4,90 | ,9995} ,9985} ,9970} ,9952! ,9930] ,9904 


0 |0,9996 | 0,9988 | 0,9977 | 0,9963 | 0.9946 | 0,9926 | 0,9903 | 0,9878| 0,9851 
-9925| ,9906| .9884 

"9942| ,9927| 9911 
99 6| ,9944} 79:31 


'9966| .9957| 9948 


10 | ,9997| ,9991] ,9982} ,9971} ,9958] ,9942 
20 | ,9998] ,9993] ,9986] ,9978; ,99 8} ,9956 
30 | ,9998} ,9995| ,99¥0} ,9983] ,9975}] ,9966 
40 | ,9999} ,9956] ,9992| ,9987} ,9981| ,9974 


0,9975 | 0,9968| 0,9960 
"9981 | 9976] ,9970 
9486} ,9982] 9977 
99891 19986] [9983 
'9992| (9990| [9988 


50 | 0,9399 | 0,9997 | 0,9994 | 0,9991 | 0,9986 | 0,9981 
60 | ,9¢99] ,9998| ,9996; .9993} ,9°89} ,9985 
.70 | ,9999} ,9998| ,9997) ,9995]) ,9997! ,99s89 
80 ,999 4) ,9998) ,9996} 9994) ,9992 
9 | ,99S6| ,9994 


90 '9999| 59998] ,9997 
| | 


6,00 0.9959 | 0.9999 | 0,9998 0,9°97 | 0,9996 0 ,9994 | 0,9993} 0,9991 
6,10 ,9999} .9999} ,9998; ,9998} ,9997| ,99°96} ,9995} ,9993 
6,20 ,99991 ,9459)} ,9998} .9998} ,9997) ,9946; ,9995 
6,30 ,99991 ,9969) ,9999}; ,9998) ,9498] ,6997) ,9996 
6,40 ,9¥99! (9949! ,9999! ,9998, ,9998; ,9997 
6,50 10,9999 | 0,9999 | 0,6999 | 0,9699 | 0 9998 


,9891| ,9706] ,94168| ,9192]) ,8889 ,8236| ,7898| ,7558 
| 
| 
| 


6,60 1,000, "9°99| {9999} {9°99}  ,9499 
6,70 1.0000] 079699, }S999] }4999 
6,80 0;4999| 39999 
6,90 0/9999 
7,00 ! 
7°10 | 
7,20 : 

| | | 
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Iipozoakeuue 


19 20 








»7220| ,6886| ,6558} ,6237| ,5926| ,F624! ,5332) ,5051| ,4781| ,4522 
»7000} ,7298) ,6998) ,6704| ,6414] ,6132|] ,5856) ,5588) ,5329| ,5078 
.7944| ,7675| ,7406| ,7138) ,6873] ,6613] ,63357| ,6106) ,5861| ,5622 
,8254| ,8016| ,7777| ,7537| ,7298| ,7061| ,6827] ,6596) ,6309|) ,6145 


{| 0,8528 | 0,8321 | 0,8111 | 0,7899 | 0.7686 | 0,7474 | 0,7263 | 0,7053 | 0,6845} 0,6640 
,8769; ,8590} ,8408} ,8223} ,8036] ,7848| ,7660| ,7472) ,7285| ,7099 
,8978| ,8826; ,8:69} ,8509! ,8347] ,8183] ,8018] ,7852| ,7686| ,7520 
,9159| ,9029) ,8896} ,8760} ,8620| ,8479| ,8336; ,819!| 8046; ,7899 
,9312] ,9204| ,9092| ,8976|) ,8558| ,8737|) ,8614|) ,8490| ,8364] ,823 


0, 9441 | 0,9352 | 0,9258 | 0,9162 | 0, 9062 | 0,8960 | 0, 8856 | 0,8750 | 0,8643| 0,8534 
,9950| ,9476] ,9399) ,9319} .9236; ,9151] ,9064| ,s975| ,8884] ,8791 
»9640] ,9579) ,9516] ,9451) ,9383) ,9312|] ,92401 ,9165) ,9090} ,9012 
9713] ,8605) 9614) ,95K0| ,9505| ,9447| ,9387| ,9326| ,9264) ,9199 
9774] ,9735| ,9694| ,9650| ,9605] ,9559; ,9510] ,9460| ,9409|/ ,9356 


0, 9822 | 0.9791 | 0.9759 | 0,9724 | 0,9688 | 0,9650 | 0,9611 | 0,9571 | 0,9529] 0,9486 
,9861| .9837] ,9811| ,9784| ,9755| 9725] .9694| .9061| .9628] .9593 
,9893| 98741 9853! .9832] ,98091 ,9785| .9760] ,9735| ,9708| 9681 
,9917| ,9903| 59887} .9870] ,9852] ,9833] ,98:4] .9794| .9773] 54751 
.9937| ,6925] ,9913} .9900] ,9886| ,9872| ,9856| ,9841| .9824| ,9807 


0,9952 | 0,9943 | 0,9934 | 0,994 | 9, 9913 | 0,9902 | 0,9890 | 0,9878 | 0,9865 | 0,9852 
9964! .9957| |9950| '9942! °9934} °9925| ;9916| .9907/ '9897] |9887 
,9973| ,9968| °99621 '9956! 79950] .9944] 79937} (99291 74922| (9914 
,6980| ,9976] '9972| ‘99671 '9953| 9958] '9952| (99471 “9941|° .9935 
,9985| ,9982} .9979| 9976] '9972| 9968] .9964| ,9900| ‘9956| 59952 


0,9989 | 09987 | 0,9984 | 0,9982 | 0,9979 | 0,9977 | 0.9974 | 0,9971 | 0,9967| 0,9964 
,9992} ,9990] .9989] ,9 87] ,9985; ,9983| ,9981| ,9978] 9476] ,9973 
,9994/ ,9993] ,9992! ,9990]) ,9989] 9987] '9986| ,9984! ,9982] 9980 
,9996| ,9995] 9994] 9993] |9992] :9991| 9990] ,9988| 79987] 59986 

| 9997) ,9996) ,9996} ,9995] ,9994/ ,9993) .9992) ,99¥2} ,9991) ,9990 


0, 9998 | 0,9997 | 0,9997 | 0,9996 | 0, 9996 | 0,9995 | 0,9995 | 0.9994 | 0,9993) 0,9993 
,9998| ,9998; ,9938; ,9997; ,9997| ,9997] ,9996| ,9996; ,9995| ,9995 
»9999; ,9999; ,9998; ,9998} ,9598| ,9998}| ,9997; ,9997; ,9997| ,9%96 
,9999; ,9999; ,9999} ,9999} ,9498; ,9998]} ,9998] ,4998! ,9998 
,9999; ,9999} ,9999} ,9999) ,9999| ,9999); ,9499) ,9998; ,9998| ,999 


1 ,0000 | 0.9999 | 0,9999 | 0.9999 | 09999 | 0,9999 | 0,9999 | 0.9999; 0,9999 
1,0000 | 1,0000}0,9999; ,9999] ,9999/ ,9999| ,9999; ,9999 
- | 1,0000] 1 ,0000 | 0,9999 | 0,9999 
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Mpw v= 3 nowyuaem Wy = 4,69. Hakone HCKOMbIA UOKa3aTedb L, 
HaxO2HM TO dopmyue: 


L, =, roe 
OTKYa 
L == 8,25. 
IipH momo ta61. 77 ctpoum tTeoperuyeckyio KPHBylo pacnpe- 
ACACHHA WeTasIeH mocvie onepauun (pvc. 81) Hu conoctaBaAaem ee c 


mM 

26 

26 sn 
a \ 





=" 


123965678 SON RGU 15617 18.19 OU RBM GD BS 
Hequnundpuynocms & 0,01 mm 





Puc. 81. Onpitubie rpaduKkn Hu TeopeTH4ecKHe KpHBHIE pacnpenenenua HenH- 
AMHXIPHYHOCTH ReTanew ZO H Nocne ONepauHn XOHHHTOBaHHA 


OMbITHBIM TpaPHKOM, MOCTPOCHHBIM MO COOTBETCTBYIOUIHM HTOraM 
KOPPeJIAWHOHHOH Tab. 73. Xopotlilee cooTBeTCTBHe OMNBITHOTO rpa- 
uka TeopeTwyeckoli KprHBol NosTBepxjaer IIPABHJIbHOCTb IIpoBe- 
WeHHOrO 3fech pacueTa moKasaTewa Ly. 


AHaJIOPHYHO JOJKeH PACCUMTHIBAThCA MOKAa3aTeb TOUHOCTH JO 
onepauuu —L,. Omnako 37eCb elo OCO%KHAeTCA TeM, 4TO (ak- 
THYECKHH KOSPMUUHEHT BAPHALHU HEAOCTATOUHO 6AM3OK HU K OLHOMY 
M3 TaOJIMYHbIX 3Ha¥ueHHH V, a 3aHHMaeT TIpOMexmKyTOUHOe MOMOMKeHHE 
MexkIy V3=0,525 u V,=0,427. CnenosateibHo, HeJIb3ad O%KMLAaTb 
WOCTATOYHO XOpolleh GHZOCTH MeKAY OMbITHDIM rpacduKom pacnpe- 
WeseHHA WH TEOPeTHYeCKOH KPHBOH QW, NOCTPpOCHHbIMU B MpegANoio- 
KeHHN V,=3 HIN v,.=4, ITO H NOATBeEpPKAAeTCA MpOBeAeCHHbIM HaMH 
CHeUHaJIbHbIM pacueToM. EcrecTBeHHO HCKaTb TEOPeTHYCCKYIO KPHBYIO 
C HH7eKcOM V- HMeIOIHM IpomMexkyTouHOe 3HadeHHe MexAy 3 u 4. 
Mob! NOON K HOCTPOeHHIO TaKOH KPHBO! C/IeMyIOWHM BeCbMa MIpH- 
OJIMKCHHBIM, HO MPOCTHIM HM OMNPaBAbIBaIOIUUM ceOA Ha MpaKkTHKe: 
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ClOCO60M — 3JIEMeHTBI HCKOMOLK T€OPeTHYeCCKOH KPHBOH, KaK-TO: Op- 
AMHATbI, YHCTOTBI HHTEPBaJIOB, a TaKKe NapaMeTp a, HW BeMUHHA w”" 
: b 


PaccyHTaHbl KaK CpeHWe apH@MeTHYeCKHe H3 COOTBETCTBYIOMNX 9J1e- 
MEHTOB KPUBBIX, MOJYYCHHBIX Wid HHAeKcoB V,=3 u V,=4; ycnosBHo 
HOBOH KpHBOH Obl npHcBoed uHAeKc V ,=3,5. Tlonyuusu cootset- 
CTBEHHO: @, =6,73, w*,=4,815 u L, =32,40. 

Ha puc. 81 conocrapneut onbiTHbiti rpauk pacnpenenenusn ze- 
Tae JO oMepauwu c NomyyeHHoH Teoperuueckoli KpuBoH. Cootser- 
CTBHE OKaSbIBaeTCA BIOJHE YNOBJICTBOPUTEIbHbIM, YTO NOATBEPAHO 
MPaBHJIbHOCTh MIPHMeHeEHHOH MeTOAUKH pacueta L,. 7 

Conocrapiad 3HauveHua L,=32,40 u L y=8,25, mpl ycraHaBau- 
BaeM, ITO B Pesy/bTaTe OllepallMH HHTePBas paccesHuA KPHBO!t pac- 
IipeweleHuA, TapaHTHpOBaHHbI C BeposATHOCTHIO 0,9973, coxpaTuuca 
Ha 74,5%, 

_ B sanaue ua crp. 330 pacuer noxasateneh L nocue COKpalleHus 
x Ha 20% uo, Ha 30% nan 3HaueHna L <= 20,08 u L,=7,398. Cae- 
AOBATebHO, B TO BpeMaA Kak L, coKpaTusica Ha 226%, L, cokpa- 


THJICA JIHWb Ha 103%. 


§ 7. 0 NOMPABKAX HA HEHAJIEXKHOCTB H3MEPEHHA H HA 
rPYNMNAHPOBKY JAHHbIX 


IIpouecc HcnpaBeHua NorpelHocrei mpospasetca B HeKOppeJIH- 
POBaHHOCTH MOKa3aTesleH BXOAHOTO UW BbIXOZHOrO KayecTBa. Mbp BH- 
ACH, TO eM CHJIbHee HCMpaBJeHHe, TeM MeHbiwe KosppuUHeHT 
perpeccuu y mo x. OoHaKo ocna6neHMe KOppeIauMM M yMeHbUTeHHe 
KOSPPHUMEHTA PerpeccHH MOXKET MPOHCXOAUTh TakKKe H M0 pyrum 
MIPpH4HHaM, He CBA3AHHBIM C Mpoweccom NoralWwienug norpemHoctel. 
K 9sTHM MpH4uHHaM B NepByio ouepedb NPHHaNNeKaT HeHalexKHOCTD 
H3MepeHHH MW rpyNnuposka AaHHEIx. Bo u3s6exanne HeBepHEIX 3a- 
KUOUCHHH HeOOxXOMMMO NOKa3saTeu, XapaKTepH3yloulMe Mpowecc uCc- 
TIPaBJieHHA MOrpelHoOcTeH, KOppeKTUpOsaTb Ha HeHAeKHOCTh H3Me- 
peHH4 H rpynnupoBky AaHHbIx. HuxKe noKaxkem Kak 3TO ReNaeTca. 

CayyaiHble morpeuiHocTu, BOsHHKalOulMe B Mpomecce H3MepeHHa, 
MOMKHO Pa3AeJIHTb Ha DBE Ppyniiibl: 

1. lozpewnocru oKpyereHun, 3aKMOUaIOLIMeCa B TOM, TO CMex- 
HbI€ 3SHAYCHHA MPH3HaKa OKPYIVIAIOTCA B Mpolecce w3MepeHua 
K WeHTPy HHTepBala, B KOTOPbIH OHM BKIOUAIOTCA. Bemmunna HHTep- 
Bala OKPyrleHHA 3apaHee onpeseseHa WeHOH ReteHua mpH6opa, u ee 
MOJIOBHHA COCTABJIAe€T MAKCHM@JIbHY!0 NOFpellHOCTh OKpyrseHHa., 

2. Ko BTopoi rpynne oTHocaTCA OwuObKU BOCnpOoUsBedeHUA, KOTO- 
PhI€ SaKJIOUaIOTCA B TOM, 4TO TIPH NOBTOPHBIX H3MepeHHAX OHO u 
TOH Ke BeMYHHbI WeHTP MHTepBasla OKpPyrvleHuA OOHAPyKUBaeT He- 
KOTOPylO KOVIeE6JIEMOCTb. 

XapakTepHCTHKOH OWIH6OK BOCMPOH3BeEMeHHA MOET CJYKUTH 
AMCHepCHA H CpewHee KBaApaTHyeCKOe OTKIOHEHHE TaKHX MOrpellHo- 
CTeH, MOYYeHHBIX B Pe3yJIbTaTe MHOTOKPaTHbIX MOBTOpeHH H3Me- 
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penua. OmwMOKH oOKpyrvieHHa M0 cCBOeMy xXapakTepy poyCTBeHHH 
OwuoKaM 2pynnupoéeKUu, KOTOPbIe TakKe 3aK/IOUAIOTCA B TOM, 4TO 
3HaYeHHA MpH3Haka, MOMaBlIne B MHTepBaJIbl TPyMMMPOBKHU, 3aMeHA- 
IOTCH TPH MaIbHeEMIUHX pacueTaxX WeHTpaMu 3THX HHTepBasos. Ilo- 
3TOMY MOMpaBKH Ha rpylMHpOBKy M NOMpaBKH Ha OKPyrvieHve aHa- 
-IOTMYHBI JIpyr Apyry. 

TlockoJibKy WHTepBadl TPyYMMHPOBKH COCTOHT M3 HeCKOJIbKHX HH- 
TepBaJIOB OKPyrleHuA, TO Tipu pacueTre NompaBok Ha rpynnupoBKy 
MO?KHO He BHOCHTb NOMpaBKH Ha OKpyrvieHve 3HaueHHH. Tlocnequue 
HeOOXOAHMO BHOCHTb JIHUIb B TeX CJIY4aAx, KOrm@a nNocwlesyromen 
rpyNMMMpOBKH MaTepHala He MpOH3BOAUTCA. 

HM3pecTHo, uTO B pe3y/IbTaTe CWy4aHHbIX NOTpeWiHocTeH H3Mepe- 
HHA, a TaKKe MOCeylouleH TpyNMUPOBKH MaHHbIX HeEKOTOPbie MOKa- 
3aTeJIH CTATHCTHYECKOrO MaTepHaJia CHCTEMaTHYeCKH TpeyBesIHUHMBa- 
IOTCA WIM CHCTEMaTHYeCKH TpeyMeHbiulalotcA. B Takux cayyaAx He- 
O6XOAHMO B HHX BHOCHTb COOTBETCTBYIONIMe NOMpaBKH, OCBOOOKal0- 
Wve ITH WOKa3aTeIW OT CHCTEMATHYeCKOH MOrpeliHOCTH. 

Tleppbimu B PAY TaKHX MOKa3aTeseh ABJIAIOTCR ANCMepcHH MpA- 
3Haka: oO — ANCIepcHA BxXOAHOrO KayecTBa M O\— ANCHepCHA BbI- 


XOMHOTO KayecTBa. O6a 3TH NOKa3saTeiA CHCTEMATHUECKH TWpeyBeJli- 
UHBAaOTCH B Pe3yJIbTaTe CJIYYaHHbIX NOrpeliHoctev H3SMeCpeHuaA HU Ipyil- 


NHpOBKH. 
Jia ycrpaHenus’ STHX ProrpellHocTel cleLyeT HCNOMb3OBaTb op- 
MYVJIBI: 
eu 
oO ao 2 tx ~2 
a = OT — 19 —™~ ~e (x) 
: (15.7. 1) 
A i ; 
a Oey 
bs bs 12 


A A 
rie o*, WH 9°, O603HauaIOT KOPPeKTHPOBaHHble MHCHepCHH BXOMHOTO 
HM BbIXOAHOrO KauecTBa, 
i, H iy — BeAHUNNbI COOTBETCTBYIONINX HHTepBaJOB pyNMHPOBKH, 
a CCIM PpyNMHPOBKH He MpOH3BOAHTCA — TO BeJIHYHHDbI 
COOTBCTCTBYIOLIHX HHTePpBaJIOB OKPYTIeHHA, 
o?,y H S).— AUCMepcH Cuyualiltbix NOrpeliHocTeH BOcMpousBere- 
HUM, KOTOPbIe CJeLyYeT paCCUHTbIBATb, MHOFOKPaTHO 
H3Mepsaa OA-HY H TY Ke BeIHYHHY X WI Y, 3aMeHAA 
ee ILCHTPOM HHTCDBaa OKPYrVIeHHA, CCIM PpynnupoBka 
He MPOH3BOQHTCH, H BbIVHCJIAA QUCMepCHIO MOJYYeHHbIX 
JAHHBIX. 
Mopmyab (15.7.1) ocHoBaHb: 
1) Ha mpexnonoxenNH, YTO OINMOKH BOCTIpoHsBemeHuA e(x) HAM 
e(y) He 3a€BHCAT OT H3MCPAeMbIX BeJIHUHH X HY, 
2) Ha npumMeHeHun nonpasoKk Llennapgza! k OKpyrvieHHbIM B Mpo- 
wecce TPYNNUPOBKH WAH H3MepeuHA 3HaveHHAM. 


PGMs 11] PI QT. 
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Mopmysn (15.7.1) saBadiotca OCHOBOH JIA BHeECeHHA MOMpaBOK 
BO BCe OCTaJIbHble NOKasaTeH. 
Koocpuunext perpeccun 5 ucuncisetTca mo dopmysie 


bey 
=—, (15. 7. 2) 


Gy 





rie w~y — KOBapHallun y NO xX, KOTOPan He KeppeKTHpyeT CA Ha 
norpeliHocTs H3MepeHHA H Ha rpynnHposky. 


_ CylegopareIbHo, KoppeKTHpoBaHHoe 3HayeHHe Db MbI nonryenii: KOp- 
peKTHpyA 3HaMeHaTemb thopmyn (15.7.2), T. e. mo dopmyste: 


fps (15. 7. 3) 


HAH 


eek 


(15. 7. 4) 





re 5 — KOf[ peKTHpoBaHHoe 3HayeHne J. 
Otciowa BHOHO, TO 3HaueHHe 5 rnocue ROnDS Tene yeeaunu- 
6aeTCH, 
Viz ypapuenua (15.3.2) y= a+bx, MBI nonyuaen KoppeKTHpo- 
‘ BAaHHOe 3Ha¥eHHve @ No dopmy.ie 
A — A= 


a=y— bx (15. 7. 5) 


Popmyaa (15.7.5) ocHopaHa Ha TOM OOCTOATeIbCTBE, TO Cper- 


HHe BeJIMUHHbI X H Y He HMeIOT CHCTeMaTH4eCCKHX MorpelHocTeH #, 
CleHOBaTeIbHO, He KoppekTupyioTca. 3 dopmyn (15.7.5) BHuAHO, 
UTO B pe3yJIbTaTe KOPPeKTHPOBKH BeIHUHHa A YMeNOULAETCA, CeO- 
BaTeJIbHO, JO KOPpeKTHPOBKH OHA Oblla NpeyeeAureHna. 


3 dopmyan (15.3.9) o,=sy..-+ bo; MOX%KHO MOUNT KOp- 
PEKTHPOBKY JIA OkKa3zaTeaA oy. x MO Popmyv7e 





2, = ot — bio?, (15. 7. 6) 
Tak Kak 
2 
oe aes (15. 7. 7) 
* \» 
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A 
TO 43 copMyabl (15.7.6) BHAHO, YTO MOKasaTeb of, Mocae Kop- 
PeKUHH YMeHbWAeTCA TEM CHJIbHee, 4eM OoIbUIe COKpalllaeTca mocae 


KoppekuHu o*, H o*,.CeqOBaTeIbHO, AO KOPPeKUHH BeHUHHA OF , 
Oblla mpeyBesuyena. 


§ 8. PACYET NPOCTOM TEXHOJIOTHYECKOA WENH 


SHaa MoKasaTeiu a,;, 0; 9? , , MIA pAa Mm MOcMeOBaTebHbIX 
onepaunh, oOpasyioulux npocTyfo TeXHOJIOrMYecKyio Web uM MOKa- 
3aTeIM HCXOMHOFO Ka4eCTBa Xy H o>, Mbl MOXKEM, MOCJIE2OBaTeJIbHO 
TIpHMeHAA opMyb! (15.3.2) uw (15.3.9), onenuTb noKa3aTelu x,, 
H ©”, BUIXOMHOrO KauecTBa MOce KOHCYHOH m-i omepaluu no dop- 


MyJIaM: 
Xm = {[(Oy%) + y) by ag] bya}... (15. 8. 1) 
HAH 
6A ee Aa Adee te Aa. 15.8.2) 
rAe 


ApJ [> A, -| |e. A=] [bn Am= Vm, An= 1. 
g=2 i=3 


ionl 


om == {[(Bisg + o1.0) 62 + 05,1] 63 + 03.0}... (15. 8. 3) 
HH 


Om = Byes + Bitio t+ Beat... +B0%m1, (15.8.4) 


rye 


B, =] |e B= | vi, B=] [1....Bn-1 = bm, B=. 
i=2 i=3 


i=] 


T]o-npexkuemMy mpeanodaraeTcd MPAMOJIMHEHHOCTb perpeccuH 
Xig1y7= i + OXi-1 MW MOCTOAHCTBO YCJIOBHOH AHCHepCHH Of ;_, 
Id BCeX 3BEHbEB TEXHOJIOFHYeCKOH Lely. 

OctaHopumca Ha (cbu3uuecKom cmpicue (cbopmya (15.3.2) 4H 
(15. 3.9). _ 

Tloka3aTeIuv BbIXOMHOrO KayeCTBa B KOHC4UHOM 3BeHe X,, H O°, 
MpeCTaBJIeHbI B Bue CyMMbI +1 KOMMOHeHTOB. Komnonent Boo; 
ABIIACTCA IIPOM3BemeHHeM MHCMepcHu MorpelHOcTeH, HMeBIUMXCA B 
Haase mpomecca Ha KBaypaTbl KOSPPMUMeHTOB NepeHoca 9THX HNo- 
rpewHoctelt BOb TeXHOMOrM4eCKOM WellH OT 3BeHa K 3BeHy. Kax- 
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MBI u3 CrenyIoulux KoMMoHeHToB B,o?,, Boo? ,,... ABAeTCA. NpoH3- 


BeeHHeM AMcnepcHu COOCTBeHHBIX CJIyuaHHbIX MorpemHoctTeH, 0- 
NOJIHHTeIbHO BOSHHKAaIOMIHX Ha 1, 2,... m-M 3BeHbAX Wenlv, YMHO- 
*KeHHOH Ha KBaspaTH KOSPULUHEHTOB NepeHoca STHX NorpelHocTeh 
Ha nmocsexywoulve ONepalluuH BMVIOTh AO KOHEUHOTO 3BeHa Leu. 
Takum o6pasom, KomnoHeHT 8,0? , , H3MepaeT TY YacTb Mucrep- 


CHH O°,,,KOTOpad CO3TaeTCA CYaHHbIMH MOTpelwHOCTAMH, MocTynato- 
UMMM Ha KOHe4HOe 3BeHO C i-ro 3BeHa, HO He B MopsgzKe Mepenoca 
¢ (i—1)-ro 3BeHa. 

AvaJOrHuHbIh CMbIC HMeIOT AVI CYWIECTBCHHO MOJIOKUTCJIDHEIX 
BeIM4HH KOMMOHeHTHI opmysn (15.8.2) B npumMeHeHuu K x,,. UHC- 


na A,a, NOKa3bIBaloT, KaKaA YaCTb X,, CO3MAe€TCH MOCTOAHHBIMH TIO- 
rpelIHOCTAMH, MOCTyMaIouwlHMH C i-ro 3BeHa Ha KOHe4HOe 3BeHO, HO 
He B NopagKe mepeHoca.c (i—1)-ro 3BeHa. Ja Napamerpos Nepsoro 
pona dopmyvia (15.8.2) npaxTuyeckoro 3HayeHHA, MO-BHAHMOMY, He 
HMeeT, TAK KaK MOKa3aTeIH Q, PeryAHPyIOTCA HacTPOHKOA. 

_ fina sbincHeHun addekta oT NOBTOpHOrTO MpHMeHeHHA OAHOH 
TOH Ke OMepalHH MoxKeT ObITb HCNOJIb3OBaH CAeEAYIOWHH MeTOA (pH 
yCJIOBHH, TO MpHNycKH OCTaTOUHHI uM Boobue TexXHOMOrMyecKHH 
Mpowuecc ocTaeTcH HeH3MeHHHIM). 

O6o3HayHM Yepes u, H U, COKpalleHve mMcnepcHH uw cpeaHeh 

(mpeqnowaraiwTcaA CYWeCTBeEHHO MOJIOKUTeIbHbIe BeJIHYHHbI) MOce 
NOBTOPeHHA OnepallHH: | , 


2 2 
u;,= 3-1 =o Oy, ’ 
ie: 1,2....m. 


IIpHmMenaa dopmyap (15. 3.2) u (15.3.9) nw cuntaa, 4TO 


b,=b,= — m) 

a, =— a> = any 

9 o.. __, __ 
Oy.9 == 52 .p =... 8m, m—-1, 


HOWyuaeM MeETOAOM penyKOHH 


tig = og — 0, = 89 (02g — oh _4) =! (02-5 08-2), 
Cure OBaTe JIbHO, 
i, == 6? @—) yy, (15. 8. 5) 
VU, = b™—14,, (15. 8. 6) 
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re uy}, VU; — BeJIMUHHbI COKpalleHHA AMCNepcHuH H CpenHem mMocse 
nepsoro mpoxosa. OueBHAHO, YTO MaHHasd ONepallua BooOule BeseT 
K COKPalleHHIO MOrpeliHocTeH MaHHOro Bua, ecu u, >0, v, > 0, 
T. €. BEJIHYHHA HCIMpaBJIeHHA HMeBLUMXCA MO ONepalun MorpellHocteH 
nepekpbipaeT BeJIMYHHY COOCTBeEHHbIX MOrpelinocTreH MaHHOH one- 
paun. 

IIpH nosptopenun aHHow oMepalluu BBIMIpbIll B TOYHOCTH CO- 
KpaujaeTca 6 2eOmeTpUYeCKOLL NPOepeccuu, KaK 3TO BUAHO U3 op- 
Mya (15.8.5) uw (15.8.6), ecan 6 aBasneTca, Kak OObIUHO, NOMOKH- 
T@JIbHOM NpaBHJIbHOH poObio. 
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a TY pe = ead Po OS a ae es Se as it z = 


PUABA XVI 


NPHMEHEHHE METOJIOB KOPPEJIAWMH K AHAJIH3Y 
PAKTOPOB, BJIHAIOWHX HA HAKJADHbIE PACXOJIbI 


§ 1. laa mnanupoBanua HaKnagHbix pacxoqos B CTPOHTeJIbCTBE 
Mp Pa3spaOoTke COOTBeTCTBYIOWIMX HOPMaTHBOB GovlbuIOe 3HaueHHe 
HMeeT IIpaBHJIbHaAH OUeCHKA 3HAYHMOCTH (akropos, BAMAIOWIHX Ha 
YPOBeHb HakJlayHbIX pacxojoB. Takanw OeHKa MOXKeT ObITb MOMyuena 
Ha OCHOBE aHaJIH3a paOOTbl CTPOMTeIbHbIX OpraHH3alluli 3a MpOUiblii 
nepHor. 

O6oOmjant WaHHble OTYeTHOCTH MHOrHX opraHHsaruit HHTepecywWw- 
IneH HaC OTPaCMH CTPOMTeNbCTBA, pH NMOMOMIM MeTOZOB TeopuHt 
KOPpeJIAUHH MOKHO pellaTh 347a4H, NpescTaBAlUlwe Moka nouTy 
HEMPeCOROJIMMble 3aTPYNHEHHA WIA APyruX MeTOAOB JKOHOMHYECKOLO 
aHaJIW3a, — 3a aun paswevleHHA BJIMAHHA MHOTUX dbakTopos, JeilictT- 
BYIOWJMX COBMECTHO BO B34HMMHOH CBA3H Apyr c Apyrom. 

Hacrosljaa rapa cocTaBuleHa Ha OCHOBe MaTepHasioB TaKOro Hc- 
CCJlOBAHIiff, BbIMOIHEHHOrO COTPyAHHKaMH uHcTHTyTa BHMVom- 
mpomxKHIcTpou TT. A. B. Sapy6a, HW. C. Tlaapma, E. T. SQapropr mpu 
yuacTHH aBTOpa MO AaHHbIM OTYeTHOCTH 3a 1951—1954 rr. 113 wax- 
TOCTPOHTCJIBHBIX OpraHH3auHh. bowee MoHOe OCBellleHHe ZKOHOMH- 
YeCKOH CTOPOHbI H CTPOHTeJIbHOM cNenuduKH HcceqOBaHHA WaHO P 
cTaTbe TT. Sapy6a, IlanbMa un OQupropt, ny61uKyrouselica B Yuenbix 
3anWcKax Mo cTaTucTHKe Akayemuu HaykK CCCP. 

HakslaqHble pacxo/bl CTPOHTeIbHEIX OPraHH3alull BKNOUAIOT, Kak 
H3BECTHO, B OCHOBHOM CJleJyIOlWe CTaTbH 3aTpat: a/sMHHHCTpaTHBHO- 
XO3AHCTBEHHBI€ PaCXObl, MONOMHHTeIbHaA 3apiviaTa, KOMMYHaJIb- 
Hbl€ PaCXOAbl, H3HOC MaJIOWeHHOrO H ObICTPOH3HalIHBalOlWleroca HH- 
BeHTapA MH HHCTPyMeHTAa, Tipouve pacxoOAbl. 

Ha qaxrkyeckuH ypoBeHb HaklaqHbIX pacxo0B Hau6oubulec 
BJIHAHHE OKa3bIBalOT CJIeZyIOluwe (akTOpbl: OG6beM BbINMOVIHeCHHbIX 
pa6or, 4NceHHocTh pa6ounx, ebIpa6oTKa Ha OMNOrO pabouero, cped- 
HAA 3apmiata HW (POH 3apmliarhl, 

Jol 
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XNopolwo HsBeeTHO COULCE Lalpablente BUNA KarKlOro Hs 
9THX (PAKTOPOB Ha YPOBelb WaKaTHbIX Pacxo/LOB, OuakO STH CBe- 
eH COBEPWICHHO HC/LOCTATOUHDI JIA BBIACHEHIA POT Kak LOPO 
(bakTOpa B COMIEM KOMTMICKce PPM, COYCORABBAIOMLUX YPOBID 
HAaKaMHbIX PaCXO4OB Na TOM ILL THOM CTPONTCTbHOM MpPe/UIPHs- 
tun. JINUIb B pe3yJIbTaTe CTATHCTHYCCKOI OOPAaGOTKH ONbITHOLO 
MaTepia.la HaMeualOTCH TC KOAHYCCTBCHHDIE HPONOPUAIL H COOTHO- 
IUCHUA, KOTOPbIC TOCJIe SKOHOMHYCCKOLO OCMBICAMBA MOTYT ObITh 
MONOKeHb! B OCHOBY HHKeHEPHO-9KOHOMHYECKHX PpacueTos. Thea 
RbIACHCHHA STIX COOTHOMICHYH 13 FOJOBOH OTYeETHOCTH CTPONTC.Tb- 
HbIX IIPCANPHATHH Ob BSATHI CTCLYIOMMIC NOKASATC HT: 

1) BetH4uMHa (akTHUCCKHX HaK.1aHbIX PacXOOB (Bp Mun. py6.), 

2) o6beMm (akTHYCCKH BbINOJIHeHHBIX KallHTavIbHbIx pador 
(B CMeTHOI CTOHMOCTH B MJH. py0.), 


3) UHCTCHHOCTD CTPOHTeJIEHO-MCHT@KHBIX pa6ounx (cpeaHecnH- 
COUHOe YHCO), 

4) ronopolt thou s3apllaTbl CTPOHTeJIbHO-MONTAKHDIX padoullx 
(B MH. py6). 

OTH JLAHHbIe COCTaR-INIOT KPYP HCXO/LHbIX MOKagaTeieH Hauler 
iccicnonanua. Tloka3atTein cpejHeil BbIPaOOTKH Ha OHOFO padouero 
HW CpesHeli rosovol sapMlaTbl B HCCAeOBAHHe HEMOCpeNCTBCHHO He 
BBOJWWIHCb, TaK KaK OM ALJIAIOTCA MpOH3BOAHDIMH. Mx puusHne Ha 
YPOBCHb HaKJaAHbIX PaCXOAOB OMpeeAOCh Wa OCHOBC SaBHCKMO- 
cTell, MOJYYCHHBIX JWI HCXOJHbIX MOKasaTcvel. 

[IpwuHibl, MO KOTOPbIM K Kpyry OCHOBHBIX mokasaTeseH Obl 
OTHECeEHbI OObEMHbIe, Aa He OTHOCHTEJIbHBIC (<KaveCTBeHHble») TO0Ka- 
35ATeIH XO3AHCTReCHHOM eATeCIbHOCTH, OYAyYT PaCKPbITbI B Npowecce 
o6pa6oTKH MaTepHaia. | 

Martepnaa 113 roxopblIx OTYeTOB CTPOeK, BKJIOUCHHDIX B oOpa- 
GoTky, pactipeermcs NO ToaM ceAyOULHM OOpa3oM: 


3a 1951 r. —27 rowoBnix OTuerToB 


3q 1952 r. —29 a ‘ 
3a 1953 r. -—- 30 . ae 


3a 1954 r. — 27 3 . 








Beero 113 rogoBblxX OTYeCTOB 


BBILIY MaJIOUCICHHOCTH MaTepla.la, MpeACTABACHHOTO 3a OTACIb- 
Hble rO/lbl, HeletecooO6pa3Ho OblIO MpOH3BOLMTb ero paspaoorky 10 
OTACIbHbIM TOMaM, H BeCb MaTepladl paccMaTpUBaAACA B MeJOM. Tipu 
9TOM, eCTECTBEHHO, BOSHUKAeT BOIPOC, B KaKOl Mcpe /laHHble 3a pas-- 
MUUIMbIC TObl OLHOPOAHDI — He MPOWCXOAHMO JIN CHCTeEMATHYECKOPO 
M3MeHENIA HCCIeJVEMBIX COOTHOMeHHH Ha NpoTAwKennH PpacCMaTpil- 
RUCMOTO TIPOMEXVTKA BPeMCHH. ITO OOCTOATEMbETBO TMOABCPPastOcb 
CNeMNatbHOll MpOpepKe MeTOJIOM, H3.1IOXKCHHDIM HHKC. IlpopepKka 
He OGHapyXiWla CYWIECTBCHHDIX PasTH4HH Mey MaTephalaMi Ppas- 
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HbIX JICT C TOUKH 3peCHHA HX COOTBETCTBHA OOMeH 3aKOHOMepHOCTH, 
yCTaHOBJIeCHHOH B pe3yJIbTaTe HCCeqOBaHHA. CaeqopaTebHo, obbe- 
JMHeHHe MaTepHaJia ObWIO ONpaBAaHo. 

C1elyloulHit BOMpoc BO3HHKaeT B CBA3H C TeM OOCTOATCJIbCTBOM, 
YTO HeKOTOpble HOMepa CTPOeK MPeACTaBJICHbl OTYeTAMH 3a He- 
CKOJIbKO JI@T H COOTBETCTBEHHO (HrypHPpylOT B MaTepHaJie ABa, Tp 
WH ueTbIpe pa3a. TlocKouIbky Me*KAY TaHHbIMH OJHHX HM TeX Ke CTPoek 
3a PAL eT MOXKHO OKUAAaTb HEKOTOPOK KOPPCJIAMHH, T. e. TaKHe WaH- 
HbIC JOJKHbI OTJIMYaTbCH Mem AY COOOH MeHbille, ¥eM MaHHble pas- 
JIMMHBIX CTPOeK, TO Halll MaTepHad, cocTrosuHi u3 113 rofoBbix OT- 
yYeTOB CTpoeK, B eHCTBHTe@JIbHOCTH He MpesctaBaaer coobon 113 
«He3aBHCHMbIX HcMbITaHwh». Ero HafexKHOCTb 9KBHBAJICHTHa Hadex- 
HOCTH MaTepHasia, NOJyYaeMOro Ha HeCKOJIbKO MCHbIIeCM KOJIMYeCTBE 
«I1@3ABHCHMbIX HCMbITaHHli>. CaeOBaTeIbHO, NOMOOHOe ABJeHHe, He 
CTaBA HO COMHeHHe TipaBOMepHOCTb OObeAHHEHHA MaTepHadia pa3- 
JIMUHBIX JIeT, BEET K HeEKOTOPOMY CHHKeEHHIO HaeKHOCTH NMOVIy- 
YaeMBbIX COOTHOWeHHH. Tlostomy pacuerT cJlyualnblx morpelHocreli 
nmoKka3aTemeH, Mpon3peqeHHH BY 6 no PopMyviaM, cipaBeJHBbIM 
B yCJIOBHAX Mpolecca HakoMeHHA (a), B HalieM CJlyyae MpuBO ANT 
K HEKOTOPOMY TpeyMeHbIICHHIO BEJIMYHHbI CTYYaHHbIX MOPpewHOCTeH. 

§ 2. Sanauei UcCIeMOBaAHHA ABJIAJIOCh YCTaHOBJIeHHe 3aBHCHMO- 
CTH M@KAY BEMHYHHOH HakJaJHbIX paCXOMOB M C/leAYIOWLHMH OCHOB- 
HbIMH (baKkTOpaMH: OGbeMOM BbINOJIHeEHHbIX paOOT, UHCJeHHOCTbIO 
paGouvx u (oHAOM 3apmlaTbl (3fecb OyaAyT HcCeOBaHbI NapHble 
3QBHCHMOCTH M@KY ITHMH MpPH3HakaMH, B C/leAyIOWeM Naparpade — 
MHOKeCTBeHHad KOppeiAunA). I]pHBoquM KOppeJIAUHOHHbIe NOIA H 
JIMHHM perpeccHH MexKAy HakJlaqHbIMH pacxOMaMu HW Ka*KAbIM H3 Tpex 
pacCMaTPHBaeMbIX MaKTOPOB. 

IIpu: paccmoTpenuv 9THX MaTepHasloB O6pamlaet Ha CeOA BHH- 
MaHHe YeTKHM MpAMOJIMHeHHbIM XapakTep BCeX Tpex JIMHHH perpec- 
CHH. TOYKH KOPpevIAIHOHHOrO MOJIA, H300parxaloulde MaHHble OT- 
A@JIbHBIX CTPOeK, KY4HO TIPyNNMPy!OTCA BOKPyr JIMHHH perpeccuH. 
C 6o0mpuloh uerkocTbio O6HAapyKuBaeTCA XapaKTePHbIN MakT: CcoorT- 
HOWeHUA NOKaBZAaTeell, XAPAKTEPU3ZYIOWUX PAaZAUHHbIE CTOPOHbL XO- 
B3AUCTBEHHOL OCATCAbHOCTU OTOCAbHOIX NpeOnpuATult OAHHOU OTPAC.1k, 
KaK Oot cneyugurnol Hu OblAu UHOUBUOYAAbHoOle YCAOBUA UX PaooTot, 
obpasytoT none paccenKua, Ha KOTOPOM npu OocTaTOLHO OOAbUIOM 
uucne NpeOnpuATUi BbIPUCOBbLIGAIOTCA OOWUe 3AKOHOMePHOCTU. 

ITH 3aKOHOMEePHOCTH MOJTyYatoT TOYHYIO KOJIMYECTBEHHYIO Xapak- 
TEPHCTHKY MPH MOMOULM MeTOAOB MaTeMaTH¥eCKOH CTaTHCTHKH. 

Jia 3aBucuMocteit, u306paxKeHHbIx Ha pHc. 82, 83, 84, Noulyye- 
Hbl CJIe@VIOWlMe YpaBHeHHA perpeccHu: 


X19 = 1,241 + 0,103%p, (16,221): 

X1.3 = 0,817 + 0,00429.x,, (16. 2. 2) 

X1,4== 1,152 +0,375x,. (16, 2. 3) 
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Haknaduere pacxode: 6 man py6. 











Pre, $2. SaBuCHMOCTD MexAY BEAHNHHOH Hak Aa - 


| 
| 
Odsem pabom 8 man. pyd. 
HbIX pacxO/lOB H OObeMOM padoT 


r=0. 836 








Haxnaduere pacxode: 6 man. py. 
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Puc, 83. 3aBHCUMOCTh Mew AV BeAMUHHOH Hakaan- 


| 
| 
| HBIX PaCXOJOB H YHCICHNOCTHIO pabounXx 
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CooTBercTBylolive NpAMble perpeccuH HaHeceHb! Ha puc. 82. 83, 84. 


Kos@®uuveHTh KOppeJIAuHH HakJlaQHbIX paCxONOB C KaKAbIM 
(bakKTOPOM OKa3aJIHCb: 


c o6beMOM pa6oT r,, = 0,802, 
C uHCeHHOCTbIO pabounx 7; = 0,836, 
C POHROM 3apnaaTH rj, = 0,833. 


3HayeHHA KOSHUHeHTOB CBHJeTeIbCTBYIOT O HasIMUHH TeCHOH 3a- 
BHCHMOCTH HaKNaMHbIX PpaCXOMOB OT H3y4aeMbIX akTopoB, MpHyem 
3€BUCUMOCTb OT (OHA 3aplaTbl H YHCeHHOCTH paObouHx 3aMeTHO 
Gomee TecHand, 4eM oT OObeMa paOoT. 


r=0,833 





7,505 


6,505 


Haxnadusie pacxodu § man. pyd. 


0 2 4 6 8 fo 12 «6% 6 
done gapnname 8 san. pyd 


Puc. 84. 3aBHCHMOCTb M@KAY BEAMIHHOH Haka HBX 
pacxONOB H POHAOM 3apMlrathl 


O6uapyXeHbl cemyrloulve NpOnopluvH B H3MeHeEHHH HHTepecylo- 
WHX Hac NoKa3aTeeHn: 


1) C yBenuyenvem oObeMa paOoT Ha | MH. py6. cpenuue Ha- 


KaHble PacXOAbl CTPOHKH X1.2 yBeTHuMBaloTca Ha 0,153 MaH.; B TO 
Ke. BDEMA CYHIeCTBYeT MOCTOAHHAA YaCTb CPeHHX HaKJaHbIX pac- 


XOMOB X1.9, He H3MeCHAIOMUaAca C H3MeHeHHeM OObeMa paOoT, KoTOpaH 
BbiIpamKaetca uncom 1,241 mun. py6. 
2) C yBeMueHHeM YHCJICHHOCTH CTPOWTe/IbHO-MOHT@KHBIX pa6o- 


HX Ha OMHOTO paOouero cpeAHHe Hakslaquble pacxOJbl X1,3 YBeJIMUH- 
paloTca Ha 4290 py6. TlocrosHHaa 4acTb CpeHHX HakJlaqHbIX Pacxo- 


NOB X1-3,H@ H3MeCHAWMAACH Cc H3MeCHEHHeM UHCJla pa6ounx, COCTa@B- 
siaet 0,817 mau. py. 
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UueacHuHOCmb 6 -4eA. 
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POHd soprname: & ann. pyb 
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TO er ee 


a a aa te 





Odsem pabom 8 max. py. 


le 
a erry 


Puc. 85. a) 3aBucumoctTs MCKAY YHCACHHOCTDIO 

paoowHx H OObeMOM pa6oT, 6) 3aBucuMocTh Me- | 

KXLY POHAOM 3apnazaTEl HX GMCHEHHOCTbIO pa6o- 

WX, B) SaBHCHMOCTh MexXAY oHAOM 3apnaator 
H OObeMOM pa6oT 





= 


j 





3) C ysesuyenvem tbonja 3apmarn wa 1 Man. py6. cpezHne 


PacxObI Xi. 4 YBeIMYMBaIOTCA Ha 375 ThIc. py6. Tlocrosuuas orgocu- 
T@IbHO OHMa 3apMlaTbl YaCTh CpeMHHX HaKMaNHEIx PaCXOOB Cco- 
craBiaeT 1,152 MaH. py6. 

OyHako B 3THX Nponopunax OTPaxKaeTCH BJIMAHHE He TOJIbKO 
TeX MAaKTOPOB, KOTOPbIC BKJIOUCHHI B yPaBHeHHA, HO H TeX, KOTO- 
Pble MM HeaBHO ComyTcTByioT. Tax, Hanpumep, yBenuueHue o6nema 
pa6or oObmHO conpoBommaeTcA yBenuYeHHeM uyera padounx u 
(OHMa 3apmlaTel, YTO OTPamKaerca Ha HaksAaLHBIX pacxolax; yBeun- 
WeHHe YMCA paOouHx CompoBoxsaetca pocTom (pouna gaplwaTbt 
H oOObema pa6ot, uTO TakxKe oka3bipaer BAMAHNe Ha HakJla Aube 
pacxogbl. 

Al TOrO UTOOLI BLITBHTb BMAHMe KaxnOro (baktopa B «4HCTOM» 
Bue, HEOOXOAHMO OTBJeYBCA OT CONYTCTBYIOWero BIMAHUA Apyrux 
(akTopos; STO MOcTHraeTCA MeTOAaMH MHOXKeCTBEHHOY KOPpeJISILHH, 

Tlepexoaum K COoTHOWeHHAM Mex bakTopaMH, KOTOpbIe BaxKHO 
YCTAHOBHTb Aid TOJIYYeHHA B MaJIbHeHWIeM MHOXKECTBEHHBIX CBA3eT 
Ha puc. 85 (a,6,B8) mpeactapleHn nora KOPpeJIAUHH HW JIMHHE pe-: 
rpecCcHH Me@KAY KaKAON Mapok daxropos. IIpamosnneiuprt Xapak-' 
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Tep BCex paccM aTpHBaeMbIx 3ABHCHMOCTeH OUCBHALCH. [ipnpogus CcO- 
UTBETCTBYIOUMMe YPaBHCHHA perpeccnH: 


X39 = 121,9 +- 32,97 x5, (16. 2. 4) 
X4.3= — 0,122-+0,0101x,, (16. 2. 5) 
X4,9 = 0,628 + 0,368.x.. (16. 2. 6) 


Kospuuventbl KOppesAuKH MexKAy KaxKgolt Mapoh akTopos 
oKa3aJIHCb: 


Po3 = 0,891, lo, = 0,870, r= 0,887. 


Oru KOIPPUNMeHTHI CBAAETEIBCTBYIOT O BECbMa TCCHOH 3aBHCH- 
MOCTH, CYLI[eECTByIOleH MemKAy PakTopaMu. 

IJpupoauM tTakxe TaO/uly, cosepmKalllylo 3HaveHHA CDpeAHHX 
apHMMeTHYECKHX H CpCMHHX KBaApaTHYeCKUX OTKIOHCHHK AIA BCX 
paCCMaTPHBaeMbIX IMpH3HAaKOB. 








Tabauya 79 

pT ee Hlonaaar eal | ; 

| a 
Paxropp Se. 7 | | 
5 ie cen eee a eee 
{. HakaagHple pacxOAbl. ... 3, 288 : 1,1 
2. O6beM BHIMOIHEHHHIX paooT 13,77 | 6,00 
3. Uncnennocth pa6ounx. . | 070,9 | 222 ,0 
4. Pong 3apnaathe . . 1 ee 5,695 | 2,036 


§ 3. B cBa3H c TeM, 4To BCe NapHble 34BHCHMOCTH Me2KAy MpH- 
3HaKaMH OKa3aJiHCb NpAMOAMHeMHbIMH, MBI BIpaBe MPeANOMOXKUTD, 
UTO H 3ABHCHMOCTH MHOMKeCTBEHHbIC OKAKYTCA TakKe MIPAMOJIMHEH- 
HbimMH. [lpm cocTaBvieHHH ypaBHeHult MHOKeCTBeHHOH perpeccHH 
HCHONb3OBaH CHIMAJIbHbIM (CTaHapTH30BaHHbIH) MacluTa6 mpescTasB- 
ACHHA MePeCMCHHHIX, ; 

TlpusoqumM ypaBHeHHA MHOKEeCTBEHHOM perpeccuH, CBAsHIBaIOMINe 
BEIHYHHY HakMaHbIX pacXoZOB C ABYMA PakTOpaMM OJHOBPeMECHHO, 
M OKOHUATEIbHOe yPaBHeHHe, Malollee 3aBHCHMOCTb HaK/aMHbIx pac- 
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XO0B OT BCeX Tpex dakTopos. Bce ypaBHeHHA BbIPaKeHbI B CTAH- 
jLapTH3OBaHHOM MacuiTa6e: 


ty. 03 = 0,277t, + 0,589t5, (16. 3.1) 
th. 24 = 0,3204, + 0,554¢,, (16. 3. 2) 
th. 34 = 0,456t3 + 0,429¢,, (16. 3. 3) 

‘ti. 034 = 0,132t, +-0,3844,-+0,377¢,. — (16.3. 4) 


CooTBeTcTBylolWive KOSUUHeHTH! MHOKECTBEHHOH KOpPpeANHH: 


A 
Ry 93 0,845 c Koppekueli Ha cHcTeMaTuYecKyw NorpemHocth Ry o5 = 0,841 


A 

R;. v4 =) ,847 , n ” , > R,. 24 ws 0,844 
A 

Ry 34 =0,859 , » > » , Ry, 34 = 0,856 
A 

Ry. 234 = 0,867 , , , , > Ry, 234 = 0,856, 


M3 NpHBeACHHbIX JaHHbIX MOKHO CelaTb CENYIOWHe BbIBOIH. 
Ha ypoBeHb HakslafHbIX pacxozoB B HakOobUleh u B NpHMepHO 
PpaBHOH CTeleHH BJIMAIOT MakTOpbI YNCIeHHOCTH pa6ou“x u couna 
3apniaThl,; dakTop oObeMa KaNHTaJIbHbIX pa6oT mpH yyere nepBHX 
ABYX akTOPOB HMeeT CPaBHHTeJbHO HeOOMbIWOe BIHAHHeE Ha BesH- 
UHHY HaKJlaqHbIX pacxooB; yyeT 3Toro dakTOpa He NOBbIMaeT MHO- 
*KECTBEHHBIH. KOOPMHUMEHT KOPPeJIAWHH MeEKLY HaKMaHbIMH pacxo- 

A A 


JaMH MW COBOKyMHOCTbIO @akTopoB Ai, 234 = Ri.34. CaeqoBaTenbHo, 
IPH OMPeAeeCHHH BeJIHYHHEI HaKaHBIX pacXOZOB MOXKHO ObWIO On 
OrpaHHIMTbCA yyeTOM UHCeHHOCTH paOoue cub H Gonna 3ap- 
laTH. ITO ABIeHHe OOBACHAeTCA, N10-BHAHMOMY, TEM, UTO 9KOHOMH- 
ueCKH H3MeHeHHe OGbemMa pa6oT BuAMAeT Ha HakJaHble pacxoab 
B OCHOBHOM He HellOcpeACTBeHHO, a Yepes 4YncO pabounx wu ouZ 
3aplaTh, KaK 3TO MOXKHO MpociequTb H3 MOApobHoro paccmorTpe- 
HHA KOHKPeTHBIX CTaTeH HakwafHbix pacxonoB. Cuma xe BAHAHUSA 
MakTopos, AeMcTByIOWHxX Ha CyHKWMIO HeMOCpeACTBEHHO, AONMKHA 
ObITb, OYCBHAHO, Oobille, EM CHa BJIHAHHA CakTopos, Oouee yza- 
‘TEHHBIX H JeHCTBYIOUIUX Ha YHKUMIO Yepe3s MocpeAcTBO NepBbix: 
OY@BHAHO, TaKKe, TO MpH yuere HeMOCpeACTBeHHO eHCTBYIOWIHY 
Ha PyHKuWHIO dakTopos yyuer Goslee yaeHHbIX PaKTOPOB He MOBHI- 
WaeT TOUHOCTh OLeHKH. 

IIpeo6pasya mepemeHHbie, mpemcraBHM ypaBHeHuA perpeccuy 
B HaTypaJIbHOM MaclITa6e: 


X1.93 == 0,819 + 0,0526.x2 + 0,00303x,, (16. 3. 5) 
X1.o4 == 1,033 + 0,0808x, + 0,249.x,, (16. 3. 6) 
X1,34 = 9,841 + 0,00234+, + 0,193x,, (16. 3. 7) 
X35, 03, = 9,841 + 0,0250.x, + 0,00!197.x, +-0,170x, (16. 3. 8) 
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CormacHo ypapHenuio (16.3.8) mpn nocrosHHom uuce pa6bounx 
I MOCTOAHHOM QMOH{e 3apmiaTbl yBewwueHHe OObeMa paboT Ha 
| MAH. py6. BledeT 3a COoOOH yseIHYeHHe HaKJIaHbIX PacXOOB 
B cpemuem ma 25 Tpic. py6. Ecru conoctaBHTb 39TY BeJIHYHHY C BeJIH- 
UMNO allaserHynoro nmoKasaTeia Bp 153 Thic. pyO. H3 ypaBHeHHA 
napxHoili perpeccuu (16.2.1), To cranHer OueBHAHBIM, UTO CTOJIb pe3- 
KOe COXpalleHHe HOPMbI HaKJIAWHbIX pacxo7oB Ha | MaH. pyO. o6bemMa 
pavoT BbISBAHO 3aKPeILIeHHNeM UNCa paGouux Hw (oHAa 3apllarTHl, 
T. @. OCHOBHBIX (bakTopoB, “epe3s KOTOpble yBeIHueHHe OObeMa pa- 
GOT WHeT Ha BeJIHNHHY HWAKIaHbIxX pacxOjoB. 


Hs ypapuenua (16.3.7) BugHo, uTOo c yBeHueHHeM UNCa paoo- 
wax ia | velopesa DH NOCTOAHHOM QGouAeC 3apliaTbl HaKJlayHble 
pacxOAb YBeIMIMBaloTcA B CpeaHeM Ha 2340 py6., a c yBeIHucHHeM 
(ona BaydeeTDE KA | MJ. TIPH MOCTOAINIOM Ko.IMYeCTBe padouNx 
HakMauble pacxofbl yseiuunBaloTca B cpetHem Ha 193 pyd. OTH 
RQTHUHESD SHEUNTAIDHO M@CHbLIG AHQOPHUEDIX MOXA TCH H3 ypaB- 
HeHHA mapre’d perpeccnn (16.2.2), (16.2.3) — 4200 pyd. a 375 THI. 
pVO. H OSbDACHH'OTCA TCM, WTO B YpaBHeHHAX apo perpeccuu 
H3MCHCHHS UNCMA PASOUHNX COMPOBORKMeECTCH HEABHbIM JIA ypaBHeHUA 
{3MCHCHHEM, OHO CBH3aHO C UMCJIOM PpaOOdHX, MOHTOM 3apmwaTHl, 
“@ H2MCHeHHe OHTA 3apmlwiaThl, YYHTbIBaeMoCe B APyrOM YpaBHeHHH, 
COMPOBOKMAeTCA HELBHLIM H3MeHeHNeM CBA3aHHOrTO C HHM 4YuCIA 
paGounx. Ilo sro mpituiine B ypaBHeHHAX NMapHOH perpecciu H3Me- 
HeHHUA HAKMaTHbIX PacCXOMOB, BbISLIBACMbIe KaXKAbIM H3 DByX PakTo- 
pOB, 3HaUHTeIbHO OOJIbIie, 4eM B YPaBHCHHAX MHOKeCTBEHHOH pe- 
rpeccHy. 


3akpeniaa B ypaBHenuu (16.3.8) monomHuTeIbHO O6beM KallH- 
TANbHBIX PaGOT, MBI, CCTECTBEHHO, COKpallaemM KOIPMHUMeHTH TIpH 
(bakTopax uHcHa paGounx u douga sapmiatHl. IIpu saxpenmeHHom 
o6beme paOor wu oHAe BapniaTpl yBeiWueHwe uncia pabouux Ha 
| YenOBeKa YBCJIHUHBaeT HakJaj[Hble pacxOZbl B cCpeHeM Ha 
1970 py6., a yBemHuenNe MouAa 3apmiaTH ua | MAH. py6. mpm 3a- 
KPeIWICHHOM OObeMe TPORYKIMH H Wiese padounx yBeJHYHBaeT 
HakKJaHbIe pacXOAbl B CpewHem Ha 170 Topic. pyO. 


SaMeTHM TakxKe, UTO KaxKAoe ypaBieHiie perpeccHu oMmpezelaer 
NOCTOMHUY!IO YACTh CPCHHX HakJlafubIX PaCXOMOB, He 3aBHCALLY1O 
OT H3MCHeHHS (PaKTOPOB, BKIOUaeMbIX B ypabHeHHe. Tak, Mo ypaB- 
HeHHio (16.3.8) nmocTOAHHasd “acTb CPCAHUX HakaAHbIX PacXOAOB, 
He H3MeHsIOWLasica C yBeitueHtiem oGbeMa paboT, YNCa paoouux i 
(oHAA sapMatH, coctapascer 841 Thc. py6. 


S 4. YpapHenite (16.3.8) Moker ObiTb NCHONb3OBRAHO AJA OpHeH- 
THDOBOSHOH CHCHKH BeIHYHHbE HaKJIO/bIX PaCXOAOB MO ManHoMy 
GOLeEMY KANHTaIbHbix paodot, uncry pasouwnx H MOHAy 3apiwarhl. 
TloncraBina B ypaBHeHie Ha MeCTO TI@peMCHHbIX X2, 3, x4 HHTEe- 
pecyiolie HaC KOHKPDCTHbIC SHA@UCHHA, NOMyYaemM OMeHKy HakJlas- 
HbiX pacxofzosB. Tak, HanpHMep, JWIA CrpOHKH Cc MoOKa3aTeAHMH 
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%2=10,0, x3=497, x,=4,324 no ypaBHenuio (16.3.8) onn cocTaB- 
ASOT 


X1. 234 == 0,841 + 0,025. 10,0 + 0,00197-497 +. 0,170 - 4,324 — 2,805 


@akTHueCKaA BCIHYHHA HAaKaNHbIX pacxoqoB No Manno cTpoliKe 
Obiia 2,5 MH. py6. Tia apyrof crpoliku c noKka3aTeAMu 


X,=26,2, x,= 1100, x, = 11,000, 
X1. 234 = 0,841 + 0,025-26,2+0,060197- 1109 -- 0,170-11,0=5,533. 


@MakTHyecKkand BeNHuHHa Obwia 5,9. 

Tloqo6uble oleHKH ObWIM paccuHTaHH mo Bcem 113 royoBbim oT- 
yeTamM CTpoek. Pe3ybraTbl COMmocTaBJleHHA STUX OWeHOK C aKkTu- 
YeCKHMH HaKJaHbIMH pacxOMaMH aubl Ha pue. 86 B Buse NOwA 
hoppeasuHn. Yepes zu z OO03HaueHbI COOTBETCTBEHHO (paKTHYeCKUe 
HaklaHble PpacXONbl H HX OUeHKa NO ypaBHeHHHD. 


HccielyA 3aKOHOMepHOCTH 3TOrO MOA, OOHAPyxXKHBaeM, 4TO JIH- 
Mx perpeccuu Z lO 2 O4eHb O/M3Ka K OUCCeEKTpHce KOOPAMHATHOrO 
\r1a@ HW BbIpPakKaeTcA ypaBHeHHeM 


Z, 7= 9,230 + 0,9482z. (16. 4. 1) 


CileOBaTeIbHO, OWeHKa 2 BOCMPOH3BOAUT (bakTHYeCKHe 3Ha¥e- 
HHA Z Oe€3 CHcTeMaTHYeCKOli NorpewHocTu. Touku KoppemALMOHHOrO 
NOAA KYYHO PpyMliMpyloTcH BOKpyr JIMHHH perpeccun npu Koaddu- 
WHeHTe KOppeJaluu fz =0,870, orKoHeHHA cbaKTMYeCKUXx Hakag- 
HbIX PaCXOJOB OT HX OLeHKH NO ypaBHeHH!o B GOJIbUIMHCTBeE CJIydaeB 
HeBeJIHKH, H€ HMCIOT CHCTeEMATHYCCKOH HalpaBJIeEHHOCTH HM UX BeJIH- 
WHHa H3MepHeTCH CpeqHeH KBadpaTuyeckOoH OWHOKOH ONeHKH 


O22 = 9.Y1 —r?=1,10V1 - 0,870? = 0,542. 


J3aMeTHM, YTO TeOpeTHYeCKH AOMKHbI HMeTh MecTO cHemylouMe 
COOTHOIMEHHA, Ha OCHOBe KOTOPDIX JIMHHA perpeccHH Z2 nO 2, KO3p- 
QHUHEHT KOPpeIAWHH Fzz HW CPeMHAA KBadpaTHyecKan MorpewHOCTh 
OWCHKH Oez’ MOTYT ObITb paCcCUHTaHbI 3apaHee 6e3 dbakTuyecKoro 
nmogcveTa nokasateseh 2 H NOCTpoeHHA NOAA KOppeAIHU 


22> z. 27) == RP. 234 ; 


; Z 
on == aV 1 ~— Ry.234 
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Hekoropble HETOYHOCTH B STHX POPMYyax MOryT BO3HHKHYTb M0 
IIpHUMHe TPyMMHpOBKH WaHHbIx !. 


TlokasaTeIb 2 MOKeT OKa3aTb Cepbe3HylO MOMOUIb B aHaJN3e 
XO3AMCTBCHHOH eaTeIbHOCTH cTpoeK. M3yyeHve NpH4HH, BbI3bIBatO- 


Yenobusre obozHaveHUR: 


- nate me a. 





a £95) 2. 
x 1952 2. 
$ 1953 2. 
& 195% 2. 
= 15 2g 35 4§ 55 65 Heated 


Puc. 86. S3aBHCHMOCTb M@KAY BEAHYHHOM (hakKTHYeCKHX HaKAaAHylx 
pacxOJOB WH pacC4YHTaHHblX NO YpaBHeHH1O 


WLHX OOJIbIUHe yYKJIOHCHHA Z OT 2 B OTMEJIbHbIX CTPOHKaXx, MOMOKET 
BCKPHITb peSePBbl JWIA COKPalleHHA HaKJaQHbIX PpaCxOJOB. 


OcTaHOBHMca Ha BOTIpoce O TOM, B KaKOH Mepe JaHHble pa3JiHy- 
HbIX JICT COOTBETCTBYIOT HOsIyYeHHOH 3aKOHOMepHocTu. Ha koppe- 
‘TAIKMOHHOM ToJlIe (pvc. 86) TOUKH, OTHOCAMIHeCA K Pa3JIM4HbIM [o- 
flaM, OTMe@YeHbI pa3HbIMH 3HauKamMHu. B mpefetax kKamgoro roma 
6bIIH PaCCUHTAaHb! JIMHHM perpeccuH, KOTOpble HaHeCeHbl Ha PHCyHKe. 





1 CneayeT NpHMeHATS NonpaBKu [lenmapfa Ha rpynmuposKy (cM. crp. 346). 
Ouu yuTeHb! Bp ypaByeuun (16. 4. 1). 
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Mul. BHAMM, UTO BCe 3TH JIHHHH HeECYLIECTBEHHO OTJIHUAIOTCA MeKAY 
co6of wu mpaKTuyeckH copmagaiwT c o6meh sHHueh perpeccun. Cre- 
WOBATeJIbHO, MOXKHO CUMTATb, ITO JaHHble Pa3JIHGHbIX JIeT HMCIOT 
B OCHOBe OZHY HW Ty Ke JIMHHIO perpeccHH, H 3aKOHOMEPHOCTD, BBI- 
paxaeman ypaBHenvem (16.3.8), coxpaHaeTca Ha MpoTaKeHHH 
PaCCMATPHBAeMEIX YEThIPeX JICT. 3ro ObCTOATEBCTBO OnpaBAbIBaeT 
oObeuHeHHe MaTepHadla pa3JIMUHbIX JIeT Np ero CTATHCTHUeCKOH. 
o6paoorke. 

§ 5. W3 uccreqoBaHHbIX COOTHOIMeHHH MexKAY OGbeEMHBIMH MOKa- 
3ATCEMAMH XO3AMCTBEHHOH JeATCIbBHOCTH CTPOeK HeETPyAHO MOJIYaHTb: 
3ABHCHMOCTH H Me2K/ly BaXKHeHIUHMH OTHOCHTEJIbHLIMH MOKa3ate- 
JIAMH. 

Tax, gema o6e vactu ypaBHenua (16.3.8) Ha %2, MOXKHO MpH- 
BeCTH ypaBHeHHe K BHLY 





X 

(=) —? “Stl +09, 0250--0, 00197 =. + 0,170 *. (16.5. 1} 
Xs /. 234 ~a 
x3 


Alanee o603Ha4HM Yepes uy TaK Ha3blIBaeMble «yJ[@JIbHble» Ha- 
Klawuble pacxogbl, T. €. OTHOWeHHe HakNafHbIX pacxofoB K oO6bemMy 
KanluTaJIbHbIX pa6orT 


Ce *1 ® 
i,= ; 
X2 


yuepes 4,— CpeAHIOIO BEIPAaOoTKy Ha OHOrO cnHcouHOrO pabo- 
vero, T. €. OTHOWeHHE OGbemMa paboT kK 4NCAy pabounx 


yepe3 4,—CpeAHIOlIO 3aplaaty, T. e. OTHOWeHHe MOHAAa 3apnAa- 
TH K GHCJTY padouHx 


X 
Ug — te 
X3 


Torga ypaBHenue (16. 5.1), 3anucanHoe B Base 


0,841 0 00197 
eee 


X9 Uo 


U1. x4, ty, a = 0,0250 + 2 + 0,170-°. (16. 5. 2) 
2 


GyferT MaBaTb COOTHOMWeHHe MeKAY YACAbHbIMH HaKJIANHbIMH pac- 
xofaMH, OObeMOM pa6oT, cpeqHel BbIpaOoTKOH uw cpetHeH 3ap- 
maton. | 

TakHM 06pa30M, CpeXHHH ypOBeHb YJGJIbHbIX HaKJaQHbIX pac- 
XOJOB CKJaMbIBaeTCA H3 YeTHIPexX YaCTeH: NOCTOMHHOM YaCTH, 4acTH,. 
M3MeHAlOUeHcA OOpaTHO MpONMopuMOHaIbHO O6bemy paGoT, uacTu 
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H3MeCHAIOWeHCA OOPaTHO MPONOPLHOHAaTbHO MpOM3BORMTeIbHOCTH 
Tpywa padouero, H, HaAKOHEL, YaCTH, MPONOpLHOHaAbHOH OTHOLIeHHIO 
3apllaTb! K MpPpOH3BOHTeIbHOCTH Tpywa. 

MoKHO 3aaTbCA WeuIbIO NOJYIHTh COOTHOINeHHe MeXKAY MoKa3za- 
TEAAMH Uj, X2, Ue, U3 HeMOCPpeACTBeCHHO, MpHHAB 3TH NOKasaTeH 
$8 KaueCTBe OCHOBHBIX; MOKa3aTedH x1, X3, X4 Mrpain Obl B 3TOM 
cAyyae POJb MPOHSBOZHbIX. OgHako, KaK JIerKO BHJeTb, TeXHHKa 
NOJYUCHHA MHOKECCTBEHHBIX B3AHMOCBA3eEH JIA NepBok rpynnm me- 
PeEMCHHDIX Oba Obl MHOTO CJIOM%KHEee, TAK KaK STH NepemMeHuble O6- 
pasyloT MexKily coOoH KpHBOJIMHeHHbIe 3aBHCMMOcTH runep6omuye- 
cKoro THNa. B ywacTHocTH, ObMio Obl 3aTPyAHHTeIbHO OOHAapyKUTb 
B 3TOH CHCTeMe MepeMeHHEIX (OPMY MHOMKECTBCHHOM 3aBHCHMOCTH 
(16.5.1) c uerseprsim uieHom Buna —-. 

Uy 

BiOop CHCTeMBI MePCMCHHBIX X1, X2, X3, X4, OOPA3yloUIHx Mey 
coOoll TpAMOJHHeHHbIe 3aBHCHMOCTH, OO6MeruaeT HaM HaxoxmKWeHHe 
MHOMKECTPCHHBIX 3aBHCHMOCTeli. OH TO3BOaeT MPpHMeHHTb pac- 
CMOTPCHHBIM paHee IIpHemM CBeAeHHA KPHBOJIMHeMHbIX CBA3eH Kk 
IPSIMOJIHHEHHbIM IIPH HCCJIe}OBaHHH KOppeJIAWMH MHOrHX nmepeMeH- 
HbIX, 


§ 6. TloryyenHble ypaBHeHia MOryT OKa3aTb 3HauHTeIbHyIO NO- 
MOUWIb TIPH WlaHHPpOBaHHH HakJlagHbIxX pacxonos. Pa3ymeetca, co- 
OTHOLWUCHHA, YCTAHOBJIeHHbIe Ha MATepHadlax Mpollemmero mepuona, 
HeJIb3A OesoroBopoyHO pacnpecTpanATb Ha GOymyuee Bpema. B Hux 
QOJDKHbI BHOCHTbCH KOPPeKTHBbI, CBASA@HHbIe C HOBLIMH YyCJOBHAMH 
lf 3€auaMH IIaHupyemoro nepvosa. 


Heo6OxOoQHMO HM€Tb B BUHAY TaKKe HW TO OOCTOATEIbCTBO, UTO 
COOTHOLICHHA, YCTAHOBJeHHbIe Ha MaTepHade 113 eqHHHI rosOBbIx 
OTYeTOB, OOJAMalOT 3aMeTHBIMH CJlydaHHbIMH MOPpeliHOCTAMH, pa3- 
Mepbl KOTOPbIX, PaCCYHTaHHble no @opmyviam § 4 rap XIII, npu- 
BOJATCH HIDKe (Tad.1. 80). 


Ava.1H3 STO Ta6JHUbl NO3SBOAAeT BHeECTH cJeLyroulue cyllle- 
CTBCHHbIGc YTOUHeEHHA B BbIBOJbI Ipeablayulux maparpados. Bce ko- 
SPDHUMEHTHI PerpeccHH O61aLaloT 3HaYHTebHbIMH CPCMHHMH KBaJ- 
PaTHYCCKHMH CUIHOKAMH. OTHOCHTeJIbHbIe Pa3Mepbl 3STUX OHOOK 
VB@JIHUHBAIOTCH C YBCJIHYCHHEM YHCla MepeCMeHHbIX B YpaBHeHHH pe- 
rpecCHH H OCTHraIoT HavOoulbilleH BeIMUHHbI AIA KOIpPDUUMeHTOB 
HocdenHero ypaBHeHua (16.3.8), Kak MoKa3bipaeT Ta6JHia OTHOCH- 
TQMbIUIX OLH6OOK KOIPuuHeHTOB perpeccun (Ta61. 81). 

Orcioyqa BHQHO, YTO BbIBOMbI, CACIaHHble B TpekblayunMx mapa- 
rpadax 3 ypaBHeHHa (16.3.8), He MoryT TpeTeHwoBaTb Ha OOub- 
IIyiO TOUHOCTb B ONpenevleHHH UYHNCOBbIX KodpdduuNeHTos. B oco- 
OCHHOCTH 9TO OTHOCHTCA K Koo*PUWNeHTy perpeccuH mpu OObeme 
KAMUTaJIbHbIX paoOoT, BeEHYHHY KOTOpOrO CJleayeT CYHTATb HeCcylle- 
CTBEHHOH. YTOUHHTb 9TH KOIPDHUHCHTH! MOMKHO ObIO Obl MyTeM yBe- 
JTHUCHHA UNCa TOOBbIX OTYETOB, B3ATHIX JIA OOpa6oTKu. ABTop 
TaKHMH CBeTCHHAMH He pacnoJaraJ. 
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Tabauya 80 


Cpegune KBaszpaTHyeckne owH6KH KOSCPPHLHEHTOB 
perpeccHH H KoppeJAuKH 








CpeauHaad KBapa- 
y paBHeuHe Koamuunext |THYeCKad OWNOKa 
Kospmuunenta 
(16.2.1) == 0,153 cy == 0,011 
(16.2.1) Fig = 0,802 Os 034 
(16.2.2) c= 0,00429 0, (10026 
(16.2.2) Fis = 0,836 3,,, = 0,028 
(16.2.3) d =: 0,375 cg = 0,023 
(16.2.3) Ti, = 0,833 nae = 0,029 
(16.3.5) — (), 0536 Op, = = 0,021 1 
(16.3.5) c -= 0.00303 as = Q, 00057 
(16.3.6) b=-0.C608 | = oss a ,0192 
(16.3.6) d = 0,244 ey ~~ 0045 
(16.3.6) 94 = UV, 847 Ri gy = 0,027 
(16.3:7) c = 0,00234 c, == 0,00054 
(16.3.7) d= 0.193 gy == 0,04; 
(16.3.8) b -- 0.0250 op, = 0,021] 
(16 3.8) | c == 0,00197 a, = 0,00061 
(16.3.8) d -- 0,170 og == 0.049 
(16.3.8) | Ry. 034 = 0,867 Spy. 934 == 0,023 
Tabauya 81 


OTHOCHTeAbHbIC OWHOKH ROAD QUMHENTOR 
(B 1pouentax) 
YpapueuHe |-—~- 


Sp 
V,:. 100 an 





V, = 100 See y= 100 “4. 





(16.2.1) 
(16.2.2) 
(16.2.3) 


t2 





C AByMaA 
11€ PEMCHHbIMH 


t 
{ 


(16.3.6) 


(16.3.5) 39,4 
(16.3.7) | 


C tpema 
NE PC MCHHEIMH 


C yeTbippMaA 
Il. DUMCHHEbIMH | 
om, 

D 
qo 
2 





81,4 31,0 28,8 


ar 
ar 
i 
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sy 

= | ¥ napuan | CojepXkanhe XHMH4eECKHX 9IEMeHTOB an 

Ele | BASKOCTb (B HpoleHtax) oe 
= e VE! Oy K2M/CM a ee ee ee ee ria 

|e &| (4Ba HCIIBI- | ae 7 & 
s! ke && TaHHs) Cc p Mn 5S Si Cr | Ni | Cu B53 
EGER: 4 4 5 cosets | 12] 13 
88 | 4 | 65 | 6,20—6,90 | 0,35 0,024 0.99 0,023, 1,07 0,92/0,17} 0,21} 6,55 
89 | 4 | 27 | 5,90—b,68 | 0,32 0,022/ 0,97} 0,020] 1,00 10 85|0,16/0,21} 6,29 
90 | 4 | 50 | 7,34—-8,35 | 0,31 (0,018) 0.87 | 0,022) 1,11} 0,9210,1710,20} 7,845 
91 | 4 | 0 | 7,40—7,97 | 0,28 |0,035] 0,95 | 0,023) 1,07 | 0,96} 0.16) 0,24] 7,685 
92} 4 | 65 | 6,50-—-6,35 | 0,31 10,028) 0,93 | 0,025 1,10) 0,97|0,16]0,22] 6,425 
93 | 2 | 22 | 7,25. 6,60 | 0,27 0,023) 0,95 10,022] 1,06/0,91 0,17} 0,20! 6,925 
9411 | 70 | 5,28- 5,89 |0,3u 10,022] 0,91 | 0,020) 1,02} 0,90| 0,17] 0,28] 5,585 
95 | 1 | 65 | 7,08—6,60 | 0,28 |0.025/ 0,94! 0,020) 1,04/0,94]0,17] 0,23] 6,84 
96 | 2 | 65 | 3.81—3.81 | 0,37 0,621/0,99 | 0,020] 1,10) 1,00] 0,1710,22] 3,81 
97 | 2 | 70 | 5,90—7,80 0,35 0,021) 1,03 } 0,022) 1,07 | 0,92] 0, 160,23} 6,85 
98 | 4 | 70 | 6,13—-6,35 | 0,33 |0,021/ 0,98 | 0,020} 1,07] 0,83/0,21/0,19] 6,24 
99 | 4 | 60 | 4,71—4.75 | 0,34 0,021) 0,97 | 0,023) 1,11 |0,8u/0,16]0,19] 4,73 
100) 4 | 18 | 7,08 - 7,08 | 0.34 0,02 |0,89/0,022/ 1,17] 0,89! 0,17/0,23] 7,08 
101) 2 | 50 | 5,60—6,13 | 0,35 0,023] 1,06 | 0,023) 1,00) 0,99}0,22|0,22! 5,865 
102) 2 | 24 | 6,21—6,35 | 0,32 0,021] 1,02 / 0,025) 1,12]1,0010,18]0,17! 6,28 
103; 3 | 65 | 4,78—5,02 | 0,33 0,022! 1,01 | 0,022) 1,12) 1,00} 0,18/0,21] 4,99 
104) 3 | 40 | 6.58 - 6,14 | 0,51 [0,027/ 0,97 | 0,022] 1,12/0,91 | 0,18/0,20] 6,56 
105) 3) 16 | 7,48—7,86 0 330.021) 0,95| 0,022) 1,12] 0,85] 0,:9{0,25!| 7,67 
106} 3 | 38 | 5,85—6,"'5 | 0.33 /0,021) 0,95 | 0,020; 1,10; 0,88}0,16/ 0,19] 5,95 
107) 1 | 50 | 5,97—6,21 | 0,34 10,025) 0,93 | 0,020; 1,10 / 0,97] 0,17] 0,20] 6,09 
108) 1 | 70 | 5,27—5,27 10,35 [0 017/ 0,98 | 0,025) 1,18 | 0,92/0,18]U,19} 5,27 
109) 1 | 70 | 7,45—5,00 | 0,33 10.022) 0,99] 0,027) 1,12) 0,94] 0,25/0,221 6,225 
110; 3 | 50 | 5,66—5,60 | 0,35 10,022) 1 03] 0,022) 1,12/0,93] 0,17} 0,221 5,63 
111) 4) 60 | 5,22-5,50 | 0,35 0,024 0.88 | 0,020} 1,27 | 0,88] 0,19} 0,23] 5,36 
112} 3. | 38 | 5'15—5;10 |0/33 9/023) 0:93 0 08 0'9710,1910,23] 52125 
11S) 4 | 33 | 6,52—6,82 | 0,35 |0,019/ 0,91 | 0,023] 1,12]}0,97]0,23]0,24| 6,67 
114) 4 | 38 | 5,54—6,02 | 0,34 10,023) 0,97 | 0,020] 1,08} 0,98]0,15]0,23] 5,78 
115) 3 | 17 | 6,92—7,58 | 0,3: (0,017) 0,87 | 0,019) 1,09} 0,88] 0,16/0,23} 7,25 
116} 1 | 65 | 6,14—6,60 | 0,34 0.019] 0,87 |0,020) 1,06 |0.91|0,19/0,24] 6,37 
HZ) 3 | 52 | 4,78—4,35 | 0,32 10,021) 0,87 | 0,024) 1,06] 0,81] 0,1810,23) 4,565 
IIS} 1} 70 | 5,17—5,57 | 0,33 10,021] 0,47 | 0,022) 1,07/1,01/0,14/0,19] 5,37 
119) 1 | 65 | 5,90- 6,36 | 0,32 (0,025! 0,96 | 0.023) 1,12] 0,90] 0,17] 0,21} 6,13 
120 4 | 65 | 7,75—9,52 | 0,30 0,023) 0,85 | 0,026] 1,00 | 0,90] 0,17) 0,21 | $,635 
Il) 1 | 65 | 5,12—5,36 [0,30 0,025°0,88 | 0,026) 1,12; 1,00; 0,20;0,21; 4,24 
Hee) 2) 20 | 5,22—5,07 | 0 32 /0,021/ 0,95 | 0,023) 1,12) 1,00) 0,13/0,25] 5,145 
123] 2 | 50 | 5,90—-5,84 [0.32 (020 0,96 | 0,020) 1,12 0,97] 9,11 | 0,23} 5,87 
i242 | 70 | 6,18 - 5,90 10,30 10,020) 0.94 | 0,024! 1,0210,9310,19] 0,231 6,04 
125) 2 | 75 | 5,20—6,35 | 0,32 0.023] 0,98) 0,019] 1,02/1,01]0 14)0,25} 5,775 
126) 2 | 24 | 2,44~—2,26 | 0,32 '0,033' 1,00 10,026; 1,20) 1,08]0,20/0,25] 2,35 
127; 2 | 50. | 5,44—5,36 [0,82 0,024, 0,950,028) 1,1010,99 0,16/0,22; 5,40 
125) 2 | 70 | 3,16—-3,02 10,83 /0,026) 0,96 | 0 024, 1,1611,04/0,19}0,25} 3,09 
125) 1 | 70 | 5,87—5,87 10,35 |v,019 0,91 | 0,024) 1,06} 1,04!0,20)0,24! 5,87 
130) 1 | 65 | 5,60—5.94 | 0,320,019) 0,85 | 0,022) 1,14/ 0,99] 0,16 ;0,23| 5,77 
I3i} 4 | 28 | 7,07—7,32 |0,31 0,021| 0,88 | 0,022; 1,02/0,9010,20/0 23} 7,195 
132| 1 | 48 | 9,10—9,35 ee co 0,91] 0,19 0,25 9,295 

| | | | 
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Mponmoawxenne 





A > Y aapuaa Conepxanwe XMMHYeCKHX 9e@MEHTOB wee 
ce /2m) BAsKOCTb (B nponentax) o #9 
= OR S| ay Kea CM? o >a 
= [5 =/ (apa ucnu- ; gg? & 
3 & é& Tanna) C P | Mn S Si Cr! Ni | Cu ast = 
1/2) 3 4 > | 6 7 8 9 | 10 | 11 3 12 13 
133) 3 | 28 | 7,55—7,10 | 0,33 [0,025] 0,55 | 0,025! 1,13 10,96 | 0,19 0,23} 7,325 
134) 4 | 65 | 4,15—2,80 |0,33 0,018] 0,921 0,022 1,15/0,80/0,1810,24] 3,475 
135] 2 | 38 | 6,70-6,70 | 0.32 |0.022! 0,93 | 0,023 1,06} 0,88) 0,16/0,261 6,70 
136] 4 | 28 | 7,60—7,57 |0,31 |0,024/0,90]0 021|1,00/0,8410.16 0,25! 7,585 
137| 1 | 45 | 7,60—8,08 | 0,29 |0,022|0,97/0.0:6 1,08 /0,95/0,18/0,25! 7,384 
138) 3 | 65 | 6,14—6,14 | 0,33/0,027/ 0,89 0,025) 1,00 | 0,96 |0,16/0,25] 6,14 
139} 2 | 60 | 7,88~7,88 | 0,29 [0,020] 0,84 | 0,023 1,12;0,80/0,23/0,°5] 7,88 
140) 4 | 20 | 5,73—5,00 | 0,29 j0,030! 0.87 / 0,022 1,08 | 0,84)0,16/0,24!] 5,365. 
141) 4 | 90 | 4.80- 3,74 | 0,35 0,022] 0,92 | 0,022 1,15/1,09/0,15/0.23! 4,27 
142) 1 | 28 | 5,31—4.94 | 0,31 0,023] 0,88 | 0,024 0,96) 1,09/0,28;0,25) 5,12 
143] 1 | 90 | 5,88—5,88 | 0.30 |0,021/ 0,88 0,025) 1,00 /0,94/0,2510,25! 5,88 
144] 4 | 90 | 7,10—7,10 | 0,31 |0,020) 0,89 0,025; 1,09} 0,90/0,15)0,23) 7,10 
145) 4 | 70 | 4,78—4,15 | 0,34 |0,025| 0,90 0,020) 1,08! 0,90/0,13/0,25] 4,465 
146) 1 | 24 | 5,45—7,10 | 0,33 /0,017) 0,46 | 0,025 1,12/0,92|0,13/0,25] 6,275 
147| 4 | 70 | 4,78—3,94 | 0,30 10,021] U,89 | 0,020 1,10]0,94/0,138;0,22] 4,36 
148] 4 | 70 | 5,90—5,23 | 0,31 |0,030/ 0,95 | 0,024/ 0,96 |0,95 | 0,180.22 5, 065: 
149) 4 | 70 | 5,10—4,60 | 0,32 |0,022| 1,00 0,022) 1,08; 1,00/0,09/0,20] 4,85 
150} 4 | 32 | 6.10- 6,10 | 0,43 |0,028) 0,+9 | 0,023 1,08 /0,93}0,1510,24!] 6,10 
lol] 1 | 60 | 4,23—4,23 | 0,34 0,027/ 0,97 | 0,020} 1 08/1,07/0,1810,21] 4,23 
152) 1 | 50 | 7,65—7,65 | 0,32 |0,017/ 0,88 0,023!) 1,12) 0,89 }0,17;}0,23] 7,65 
153] 3 | 32 | 8.60—8,15 | 0,31 0,023! 0,881 0,018] 0,98 10,95 | 0.10 0,25] 8,375 
154) 3 | 65 | 5,22—5, 22 | 0,32 |0,027/ 1,02 0,075) 1,12)1,10)0,23/0,.3] 5,29 
195) 2 | 65 | 5,22- 5,25 | 0,33 /0,029] 0,93 | 0,023] 1,08 10,93 ]0,20/ 0.24 5,235 
156} 3 | 65 | 5.45—5,45 | 0,30 0,03. 0,98 10,0251 1,140.94 0,19}0,25] 5,45 
157| 3 | 70 | 6,95- 6,95 | 0.32 |0,021/ 1,01 | 0,021! 1,10 | 1,00 0,18/0,25) 6,95 
158] 2 | 70 | 5,72- 6,90 | 0,32 |0,022/0,8810 020] 1,09!0,¢9| 0,22 0,24) 6,31 
159) 2 | 70 | 6,12—4,9) 10,30 0,020) 0,50 | 0,022) 1,10 /0,90/0,16/}0,25! 5.51 
160) 1 } 50 | 7,55—7,10 |0,3010,0.01¢ ,93 0,023) 1,18] 1,00|0,1610,24| 7,325 
161} 2 | 27 | 7,10—8,06 {0,30 |0,016| 0,82 0,022)1, 4/0,89|0,15); 0,23] 7,58 
162) 2 | 60 | 6,12—6,94 | 0,34 /0,020! 1,06 0,02°)1,18]0,85!10,16/0,34] 6,53 
163) 2 | 48 | 6,13—5,90 | 0,33 (0,017; 0,93 | 0,021 1,12! 0,9210.18 0,20) 6,015 
164) 2 | 48 | 6,60—5,83 | 0,33 10,017 0,97 | 0,020! 1,20] 0,82!/0,14/0,221 6,215 
165) 2 | 86 | 5,46—5,09 | 0,34 0,018 1,00 | 0,018 1,14!0,97}0,12/0,20] 5,:75 
166] 2 | 42 | 7,82—7,34 |0,32 0,022) 0,98 | 0,023) 1,08) 0,86|0.11]0,24] 7,58 
167} 2 | 65 | 5,-38—5,66 | 0,33 0,017; 0,88 | 0,030) 1,18 '0,89/0.13/0,.4] 5,695 
168) 2 | 28 | 6,80- 6,32 | 0,33 10,022] 1,04 0,025) 1,16 /0,90/)0,1210,20) 5,56 
169; 2 | 90 | 1,50—1,97 | 0,35 10.0.7 0,94) 0,024) 1,15)0,97/0,13/0,15] 1,735 
170} 2} 65 | 5,0U—6,84 | 0,34 0,022: 0,97 | 0,023) 1,1210,86/0,1410,14 5,92 
171) 2 | 65 | 7,25—7,25 | 0,33 10,019] 0,98 | 0,025) 1,15] 0.88 /0.13]0.22| 7/25 
172) 3 | 42 | 6,17~—6,84 | 0,35 i Icy 0,022) 1,16|}0,89}0,16|0,20} 6,505 
173) 3 | 42 | 5,53—6,05 |0,32 0,023! 0,96 | 0.0261 1,16/0,91]0,16|0,24] 5,79 
174) 2 | 28 | 8,23—8,38 | 0,34 |0,023) 0,85! 0,073 1,08! 0,64 0,13 0.25] 8,305 
175} 2 | 65 | 7,20—6,94 |0,32 |0.019 0,91) 0,022) 1,20) 0,88 )}0,16) 0,23) 7,07 
176} 2 | 65 | 8,u5—9,60 | 0,29 ae 0,96 | 0,022) 1,12}0,8510,16/0,25] 8 825 
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3| Yaapuaa 





ComepxxaHHe XHMMYECKHX 9ACMCHTOB 








ie a: 
@ mS 
EH |2m| BASKOCTb (B Npowextax) wae 
AY Q)n =| ay K2m/ca? \—-— 2 
i eo a a peed | Eee o 
S12 5] (asa ucan-) ¢ | p | Mn| S$ | Si | Cr | Ni | Cu jaze 2 
Zizciod 2 TaHna) Orns 
-- | | |] | —— | | IF I _~s oo 
23 + 5) 6 7 8 9 10 11 r 13 




































35 | 7.81—7,32 5 lOs0B0 0,97 | 0,024] 1,15 /0,99|0,18|0,23} 7,565 
A ee 702-725 | 0,30 |0,018} 0,91 | 0,020) 1,06 | 0,87} 0,16; 0,20| 7,435 
179| 4 | 38 | 5.88—-7,08 | 0,33 |0,029] 0,85 | 0,025] 0,90 | 0,99 | 0,16} 0,23) 6,48 
180! 4. | 65 | 5,08—5,05 |0,33 10,018) 0,83 | 0,024! 1,16} 0,93] 0,14} 0,20) 5,065 
igi: | 63 | 7,10—-6,85 | 0,34 |0,023] 0,98 | 0,020) 1,08} 0,98) 0,15]0,22| 6,975 
7,00—8,35 | 0,33 |0,020) 0,94 | 0,023] 1,10} 0,97|0,15 10,19] 7,675 
ne r oo 5'13—5,13 | 0.33 (0,023| 1,00 | 0,025] 1,07] 1,00]0,16/0,19| 5,13 
i941 4 | 65 | 6.10—5,¥4 | 0,3! 10,022) 0,87 | 0,023) 1,07} 0,93] 0,16/ 0,24] 6,02 
1851 4 | 70 | 7,00—6,85 | 0,32 |0.025/ 0,85 | 0,022| 0,98 | 0,92)0,15| 0,21} 6,925 
1861 4 | 32 | 6,12—6,83 | 0,32 0,029] 0,87 | 0,028! 1,16 | 0,97|0,16]0,34] 6,475 
65 | 6,50—6,67 | 0,28 (0,026! 0,82 | 0,025! 1,10 |0,97]0,13|0,22| 6,585 
naka 20 | 6'94—5,04 | 0.32 0,019] 0,95 | 0,020] 1,11/0,95}0,18/0,22| 5,99 
igo 11 48 | 7.95—5.77 [0.30 (0,020! 0 82 | 0,020| 1,07 /0,96 | 0,13] 0,22} 6,86 
190} 2 | 75 1 6.70 -6,42 | 0,33 0,022| 0,91 | 0,023} 1,07) 1,01} 0,15} 0,25 6,56 
1911 4 | 10 | 6.38—5,90 | 0,31 (0,019) 0,98 | 0,022| 1,20) 1,01)0,17]¥,25) 6,1 
_6,33 | 0,30 0,018) 0,87 | 0,024) 1,07 |0,86|0,1310,22] 6,455 
ne i Bes op 0’ 30 (0'025] 0,98 | 0,024) 1,03] 0,94] 0,18] 0,25] 6,125 
194| 1 | 22 | 6'36—5.88 | 0,30 |0,023] 0.91 | 0,020] 1,07 | 0,94] 9,12) 0,22} 6,12 
1951 1 | 32 | 3,914.45 | 0.33 10,027] 06 | 0,020) 1,14] 1,10] 0,16} 0,24 4,18. 
196] 2 | 65 | 3,26—4.23 | 0,34 |0,026| 0,93 | 0,030) 1,20/1,09]0,13/0,22) 3,74 
97 5 | 6 376,37 | 0,31 |0,025| 0,87 | 0,020) 0,98 |0,95|0,14/0,21| 6,37 
198 ; 70 5°65—5,75 | 0,30 10,022] 0,93 | 0,025] 1,17 | 0,93} 0,15] 0,28 5,70 
199| 3 | 50 | 7,327.32 |0,31 10,019) 0,86 | 0,025] 1,16/0,92/0,14]0,23) 7,3 
200] | | 70 | 4°45—3.65 | 0,320,023] 1,00 | 0,025] 1,18} 1,00) 0,24) 0,21 4,05 
011 3. | 70 | 5.25—5.25 | 0,30 |0,024| 0,93 | 0,020} 1,12/ 0,90} 0,12) 0,20] 5,2 
> 60 | 7.54—8,24 | 0,30 [0,018] 0.87 | 0,023] 1,18 |0,96]0,13/0,22| 7,89 
503 : 60 504456 035 '0/032| 1,00 | 0,024} 1,08| 1,00|0,14| 0,21 3,90 
504) 1.170 | 4°43—4233 | 0,35 {0,032] 1,00 | 0,024) 1,08 | 1,00) 0,14] 0,21 4,38 
205! 1 | 60 | 3.83—2.81 | 0,34 |0,019| 0.98 | 0,427/ 1,15 | 0,98} 0,10 | 0,20 ee 
506| 2 | 60 | 7°22—6.85 | 0,32 [0,019] 0,91 | 0,024) 1,22|0,95|0,13|0,21] 7, 
: 74—4,80 | 0,35 10,025! 1,04} 0,021}0,96 | 1,04/0,16}0,24| 4,27 
oe 5 _ iG 032 /0’0301 0,86 | 0,018] 0,88) 0,91} 0,14 | 0,24 6, 455 
509} 2 | 70 | 6.95 —5,05 | 0.31 0,023] 0,91 | 0,024) 1,24} 0,92 /0,14)0,22) 6, 0 
210| 3 | 38 | 6,67—6,43 | 0,350,020] 0,98 | 0,024 1'16|0,9210,14| 0,19 6,5 
111 1 | 60 | 5.94—5.74 | 0,32 0,024, 0,96 | 0,026] 1,02) 0,97/0,18) 0,18} 5,84 
212 6 16—5,79 |0,31 10,018) 0.98 | 0,024] 1,12) 0.98 /0,12}0,22) 5,475 
13 A i Pe 0,31 |0,017/0,91 | 0,023] 1,12) 0,95 0,18} 0,21 ra 
3141 4 | 96 | 4'49--4'83 | 9.35 10,031] 1,02 | 0,020] 1,12/0,92/0,10) 0,22) 4,625 
215| 2] 70 | 4,06 —4.98 | 0.33 0,020) 0,94 | 0,025) 1,12) 1,06) 0,12 0,22) 4,52 
2161 4 | 70 | 6,135.97 | 0,32 0,020} 0,97 | 0,022) 1,13/0,83}0,12)0,20) 6,05 
17 9.06 | 0,28 |0,017/ 0.93 | 0,027) 1,12|0.86 |0,14] 0,22} 8,945 
518] 9 | 70 0°30 —8.50 029 0,017) 0,84 | 0,026] 0,96 | 0,90 | 8,13) 0,20} 8,91 
219\ 1 | 65 | 529-533 | 0,32 0,024] 0.96 | 0,026) 1,02} 0,97 0,18) 0,18) 5,276 
99013165 | 7.1 0/34 10,018} 1,05} 0,020) 1,06 | 0,92 
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Ta6auya 2 
| Uncao Tpyaoem- 
ae ace tureuue log P nopepxHo- ; log N mS TD log T 
n/N) P (Ke) cteH N Tum 
(8 4acax) 
i ae ae SEE ee ee ee ee 
] 0,566 —0,25 44 1,64 1,08 
2 0,818 ~—0,09 60 1,78 1,11 
3} 0,539 0,27 72 1,86 1,02 
4 1,342 0,13 126 2,10 | 1,20 
5 0,120 —0 92 02 1,72 2 1,05 
6 1,78 0,25 112 2,05 4 Los 
7 1,153 0,06 o4 1,73 9,0 0,954 
8 0,585 —0,23 40 —-1,60 0;0 1,00 
9} 0,253 —0,597 | 164 2,21 iso") G12 
10 0), 187 —0,73 62 1,79 | 9,0 0,954 
MH 1,5 0,18 56 1,75 24,0 1,38 
]2 0,742 —0,13 110 2,04 20,8 1,32 
13 0,841 —0,08 00 1,698 10,0 1 ,00 
14 0,94 —0,03 40 1,60 (ae) 0,88 
15 0,55 —0,26 66 1,82 18,0 1,25 
16 | 0,08 —1,10 62 1,79 10,0 | 1,00 
17 0,115 —0,94 32 1,505 11,0 1,04 
18 0,04 —1,40 64 1,81 4,3 0,63 
19 0,28 —0,55 116 2,06 20,0 1,30 
20 0,107 —0 ,97 46 1,66 8,4 0) ,92 
21 0,20 —0,70 68 1,83 2,0 0,70 
99 0,314 —0,50 50 1,698 1 1,05 
93 1,32 0,12 46 1,66 11,0 | 1,04 
24 0,774 —0,11 06 1,75 3,6 0,56 
95 0,841 —0,08 50 1,698 10,0 1,00 
26 0,675 —0,17 84 1,92 12,6 1,10 
97 1,844 0,26 84 1,92 27 ,0 1,43 
98 1,066 0,03 106 2,02 9,0 0,954 
29 1,85 0,27 72 1,86 15,2 1,18 
30 1,85 0,27 80 1,903 15,2 1,18 
31 1,38 0,14 96 1,98 19,6 1,29 
32 0,722 —0,14 58 | 1,76 12,0 1,08 
33 0,268 —0_.57 60 1,78 10,0 1,00 
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| i | Tpyaoem- 
No, Bec intamna, _  Hucao | » aun 3 - 
oe p | log P mopepxHo- | — log A ate log 7 
Ml: (K2) |  creli N : (b uacay) | 
| 
34 O74.) bs e014 92 1,96 10,0 1,09 
B54 0.420 1 0588: Sd 1,92 11,5 1,06 
3 | 
864 000% «. as0yal> 2 381,58 64 0,81 
BF 20210.  0Gr 48 | 1,68 6.4 | 0,81 
| 
38 3,08 = 0,57: 100 | 2,00 22,4 1,35 
39) 4 (62, 4 WG: “f- -2,09 30,0 | 1,48 
40) 0,662 ; 0,18 208 | 2,32 36. | Wyl8 
Hei 1,025 | 0,01 76 =| 1,88 | 18.0 | 1,26 
10 fe RG | —0,205 40 1,60 | 20,8 | 1,32 
: | | | | 
A} 0,85 —0,08 | 50 | 1,698 | 18,0 | 1,26 
1D 1,685 ! O,23 | 40) | [ , 60 | 8,1 |; 0,92 
! ! ! 
eos | . 
46) 0,134 | --0,87 | ae 12,0 1,08 
AT 0,253 | 0,597 | 184 | 2,26 9 0 | 0,954 
dg Dai 22 G88. °° 66 1,82 | 21,6 1,33 
49! 312 | 0,49 96 198 | 20,8 | 1,32 
0} 2,32 | 0.87 . 104 2,02 | 21,6 = 1,33 
Bt)! 2.472 je 089° A D186, 10 
52 95 +} O40 : 96 1.98 | 18.0 | 1,26 
53; 3.21 | O51 | 90 1.95 | 29,0) 146 
5d Si i “Gag. 4 142 2.15 |; 28,0 | 1,45 
551 3,6 0.56 | 124 2,09; 20,48 1,31 
s6{ 10.34 | 1,02 | 140 | 2,14 | 58,8 | 1,77 
57; 3,246 Oo. 64, 1,81 9,8  ; 0,99 
! | 
58; 10,0 !$ 1,00 | o | 197 | 26,6 | 1,42 
59] 5,08 0,70 36 1,56 | 12,0 | 1,08 
| ; H : 
| | : , 
60, 2,82 | 0,45 5 ss. 1,72 | BAO, 92 
Gi 9.0: ° 1 “Oe. > 20> | gos & BOs 1,31 
3 | 
g2i 2,5 0,40 | 94 | 1,97 | 28,0 | 1,45 
63 476 | 0,68 | 1388 | 2,14 | %,5 | 1,41 
| : | : 
64 6,8 | 0,83 | 72 1,86 | 7,0 | 0,845 
65 56 | 0,75 + 68 183: 2 25.2 2,40 
66 4,66 | O07 “3 1. 29333 36,0 | 1,56 
, | | | : 
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B Uncao py Ave: 
ie a log P NOBEPX HO- log N ae log 7 
(x2) cteh N (B uacax) 

Gee ee eee SI we ear 7 
eh ann Se O(c, > Reena eet ceo 
67; 2,953 0,47 48 1,68 10,64 1,03 
68; 3,18 0,50 144 2,16 20,5 1,31 
69) 3,00 0,48 96 1,98 9,8 0,99 
70} 2,61 0,42 36 1,56 11,2 1,05 
71) 3,12 0,49 134 2,13 22,0 1,34 
72 2,35 0,37 94 1,97 23,8 1,38 
73| 10,83 0,04 96 1,98 33,6 1,83 
74, «6,04 0,78 112 2,05 46,2. 1,66 
75] 2,96 0,47 80 1,903 15,5 1,19 
76] 2,65 0,42 48 1,68 17,0 1,23 
77| = 3,12 0,49 86 1,93 17,6 1,25 
78| 3,515 0,55 60 1,78 24,5 1,39 
79| 13,72 0,14 96 1,68 50,0 1,70 
80; 2,08 0,32 78 1,89 54,0 1,73 
81 5,9 0,77 60 1,78 8,4 0,92 
82; 3,41 0,53 44 1,64 19,6 1,29 
83} 2,0 0,30 32 1,51 12.6 1,10 
84) 13,65 1,14 96 1,98 54,0 1,73 
85] 9,793 0,99 60 L272 34,6 1,54 
86, 4,38 0,64 48 1,68 13,3 1,12 
87} 0,85 —0,08 J28 2,12 16,0 1,20 
88) 0,539 —0,27 68 1,83 10,4 1,02 
89) 5,15 0,71 92 1,96 27 0 1,43 
90| 8,2 v,91 96 1,98 30,8 1,49 
9] 0,30 —0,52 34 1,53 7,0 0,85 
92} 1,384 0,14 112 2,05 19,0 1,28 
93} 1,422 0,15 106 2,03 33,4 1,52. 
94, 1,34 0,13 86 1,93 20,0 1,30 
95} 0,486 —0.32 72 1,86 10,0 1,00 
96, 2,472 0,39 120 2,08 12,6 1,10 
97} 2,594 0,41 $6 1,98 5.6 0,748 
93! 2,52 0,40 44 1,64 5,6 0,748 
99} 2,994 0,48 144 2,16 15,1 1,18 
100) 0,77 —0,11 108 2,03 14,0 1,15 
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TaGauya 3 
Il : 
N na ion O6tem = | Uncaennoctb Pei yy | fakaaqupie 
nin npeapiny- pa6or pa6ouHx pa6ounx pacxopl 
cio bona (Man. py6.)!| (uenoBex) (Man. py6.) (MAH. py6.) 
1951 r. 
1 — 26,9 1276 12,250 5,7 
2 —~ 24,5 975 10,627 5,0 
3 — 18,4 869 6,865 4,5 
4 = 18,1 757 6,964 4,0 
+) — 18,1 740 (aie: 4,4 
6 — 17,9 699 6,291 3,5 
7 as Lo, 840 7,980 3,5 
8 = 14,2 744 6,770 3,8 
9 _ 13,3 725 7,105 5,1 
10 — 15.0 670 5,762 3,4 
1] _— 14,7 622 6.096 4,1 
12 as 13,3 566 6,056 4,1 
13 — 14,6 518 4,921 3,1 
14 — it ier 510 4,131 2,8 
15 — 10,6 452 4,384 2,1 
16 — 10,0 447 4,157 2: 
17 = 9,0 497 4,324 2,0 
18 — 9,5 428 4,023 2,4 
19 _ 7,0 381 3.315 2,3 
20 — 9.1 385 3,619 2,4 
21 — 6,8 412 3,461 2,5 
Z2 — 50 293 2,139 2,2 
23 — 5,1 234 2,244 1,6 
24 — 1252 514 3,958 3,4 
25 — 11,0 407 3.337 Det 
26 — 93 577 3,676 mo 
27 — 9,9 265 2,120 2,9 
1952 r. 
28 —_ 25,9 977 10.649 4,8 
29 -~ 23,5 724 6,806 3,7 
30) 6 19,8 983 9,24 4,4 
3h 2 18.8 828 8 ,860 3,7 
32 4 19,1 766 7,304 4.8 
33 24 18,8 615 5, 289 3,7 
34 — 17.4 083 5,839 3,6 
35 15 14,1 591 6.265 4,0 
36 — 13,8 993 5,396 3,8 
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Mpoxoraxenne 


Nopanko- 


j | Ponn 
N i O6pem Unc newHocth = Hakaaan 
na |"apeawaye | 22607, | pasos "| SABINTM | Dachon 
mero rona | (MAH. py6.)| ("210Bek) (Man. py6.) (man. py6.), 
37 ia 13.7 611 5.194 ! 
38 14 13,8 562 4,608 ri 
39 20 13,9 488 5 856 2.4 
5, “4 
40 a 10,6 740 7,326 2 5. 
11,5 685 5,754 3,5: 
42 = 12,1 582 5,820 
r) , 4,0: 
43 en 11.2 508 4,267 3.1 
= 10,8 509 4,551 2,7 
45 = 11.7 499 5,190 2.6 
46 - 11°8 483 4.830 27 
os 9,8 502 4,518 2.9 
48 2,8 169 1,31 
,318 1,6 
49 = 5,9 250 9,150 1,3 
2 8.7 359 3.482 25 
51 = 7,6 363 3.2 
231 2,1 
52 an 7.3 373 3.059 2.4 
7.9 387 3,212 2.0 
54 3 8.9 395 3 
, 634 2,5 
59 7 5.4 253 2195 1,8 
10.2 376 3,008 2.8 
193 re | 
57 99 25.1 861 a) 
213 
58 34 92.7 725 8,990 aa 
33 20,3 793 6,265 4,7 
60 40 19.9 907 7 
| 347 
61 32 18,2 760 7,524 ro 
37 17,3 738 6,642 3,5 
63 36 16.5 634 5 
833 | 
39 17.0 683 8,059 : i 
a 17.1 624 7,051 3,3. 
66 20 16.2 593 
6.404 | 
67 a 17,3 606 5,575 et 
= 16,3 507 5,019: 2.8 
69 35 12,9 629 
7,485 
70 48 13 8 565 5,820 H 
44 10,1 588 5,116 3.5 
72 45 10,9 515 , 
73 46 11.4 500 | 20 oF 
54 11,3 450 | 4,455 9.8 
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NpowzoaxkennHne 


IlopsaKo- UncaeHHOCTb vous Hak 1aaubie 
- dow speed eee pa6o4HXx aie pacxo oe 
II nmpe Ibi - 
n/ ne roa | (Ma: py6.) | (4eaoBek) Rat, (py) (MAH. py 
; 8,7 510 4,488 3,0 
76 50 10,0 432 4,968 2.9 
77 49 5,2 419 4.022 4 
| ou 7,4 259 1,570 1,6 
7 4} 2.2 102 1.442 1,2 
80 47 2.6 151 1,329 1,5 
: = 13,9 448 9.150 1,9 
$0 42 7.6 316 2812 2,3 
83 55 8,0 326 3.130 2.0 
: te 13,2 541 2.867 3,1 
ie 38 11,0 475 3.752 3.0 
86 52 8.2 373 3,842 3/0 
1954 r. 
ee 7 1299 14,159 7.5 
a8 oa 1100 11,000 5,9 
50 e7 794 9,131 5,5 
89 67 25,9 ; 
9 729 8,821 3.5 
oT re Ar 1067 10,883 73 
92 62 20,5 929 9, 847 4'5 
824 11,454 4,9 
ey oie 694 7,495 37 
95 58 20,0 801 8.010 3.8 
6 788 7,722 4,6 
7 e ae 604 6, 886 3.2 
98 63 15,1 731 7,529 5 
678 6.509 3.8 
id eB 6 563 7.432 3,3 
101 86 15,2 562 8.149 
553 5,475 9,7 
103 74 fea 490 5/194 41 
104 73 14,1 563 6. 193 
749 7,265 3,6 
105 69 aes 486 5/492 2,9 
107 72 11,1 453 5,391 
; 435 4,220 2,5 
Se 76 io 498 516 351 
110 83 10,4 377 4.411 
. 389 4,084 3.0 
aD A Pe 399 3,671 2,0 
113 82 9.4 365 3. 
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Tab6auua 4 


3amok B | Maruut- | 3amMOK B Maruut- 
Ne-| YuPy- | eso6omuom | saa npo-|| ™ }_¥%" CBOOOAHOM | Had npo- 


niu | Toaego | SOCTORERH | MMMAe” | in /"Togego | COeTORHMH | unnae- 
l 1450 18,10 9 34 1500 17,40 8 
2 1450 19,10 8 30 1430 18,80 6 
3 1460 18,10 8 36 1500 20 , 20 4 
4 | 1660 19,60 9 || 37] 1460 18,50 9 
Hy) 1575 18 90 9 38 1340 16,50 4 
6 1460 18,50 ) 39 1450 17,10 10 
7 1520 18,10 9 40 1440 16,50 10 
8 1480 ' 17,80 9 41 1480 17,20 1} 
9 1440 16,80 9 42 1450 17,50 9 
10 1420 17,90 8 43 1350 18,00 4 
1] 1520 18,90 10 44 1480 18,30 8 
12 1420 18,50 — 45 1580 19,30 6 
13 1380 19,10 4) 46 1360 17,30 +) 
14 1380 17,40 6 47 1490 18,00% 9 
15 1380 17,60 10 48 1300 16,50 4 
16 1500 18,80 5 49; 1280 16,10 5 
17 1480 18 ,80 3 50 1390 16,40 10 
18 1340 16,90 6 51 1510 18,80 1] 
19 1380 16,80 6 52 | 1320 16,50 6 
20 1340 16,50 8 53} 1340 17,90 8 
21 1410 17,20 18 041} 1430 17,60 10 
22 1360 16,80 i) s))) 1230 15,90 4 
23 1550 18,50 10 56 1350 16,80 10 
24 1480 18,50 7 o7 1340 16,80 10 
25 1340 17,00 6 58 1330 18,30 2 
26 1510 18,80 11 59 1340 16,80 9 
27 1400 17,00 9 60 1450 17,80 9 
28 1440 17,50 9) 61 1290 17,80 3 
29 1460 18,20 5 62 1360 17,40 1} 
30 1400 17,80 4 63 1500 19,20 8 
31 1580 19,80 11 64 1400 17,80 5 
32 1400 18,80 3 65 1430 17,80 9 
33 1480 18,00 9 66 1430 17 ,80 4 
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IiporzonaxeHne 
ee ppp 


® | Yopy- | 3aMoK B | Maruat- 

" PY” | cBo6oaHOM Had npo- Ne 

COCTOHHHH |’ HHUae- 
(B MM) | MOCTb 


yupy- eee uae 

rocth NO) cocioaumu | aH A 

n/n | Tonezo aes 
(B MAM) MOCTb 


7 'OcTb no 
n/n | Toserzo 


err A fi hy iene 


67 1370 | 16,30 6 100 1470 18,30 10 
68 1390 17,10 6 101 1370 16,30 9 
69 1480 18,€0 ll 102 1390 18,00 4 
70 1120 19,40 11 103 1430 19,20 9) 
71 1510 | 19,50 8 104 1460 18,00 l} 
72 1420 18,00 9) 105 1260 17,10 3 
73 1410 17,00 | 10 106 1360 17,30 4 
74 1460 18,10 10 107 1390 18,40 4 
75 1210 15,20 9 108 1430 19,00 a) 
76 1410 17,40 11 109 | 1490 19.30 7 
77 1250 16,30 9 110 1340 18,3) 6 
78 1 340 16,50 8 111 1400 18,80 6 
79 1390 16,90 10 112 1490 18,80 7 
80 1410 17,40 10 113 1390 17,60 i) 
81 1500 18,40 9 114 1310 19,20 9 
82 1510 19,30 8 115 1440 17,40 8 
83 1440 17,50 1] 116 1300 16,50 4 
84 1430 18,00 10 117 1350 18,00 11 
85 1400 17,20 8 118 1380 16,60 4) 
86 | . 1460 18,00 10 119 1450 17,10 9 
87 1260 17,90 o 120 1350 17,60 li 
88 1420 17.60 4 121 1430 17,40 10 
89 1360 18,40 2 122 1410 17,10 l1 
‘90 1420 18,80 8 123 1440 17,30 10 
91 1490 19,20 9 124 1280 16,50 3) 
92 1330 18,10 6 125 1470 19,60 6 
93 1340 18,10 8 126 1350 17,60 8 
94 1430 19,20 8 127 1370 17,90 7 
95 1310 18,20 3 128 1450 17,80 9 
96 1430 18,50 4 129 1530 18,40 9 
97 1240 16,10 4) 130 1450 17,80 7 
98 1470 18,40 6 131 1370 16,60 7 
99 1450 17,80 7 132 1440 18,80 8 
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Tipvuzoraxkenne 
a 
3amox 8 | MarHut- 


CBO60HOM | Had Npo- 
COCTOAHHH HHWae- 


3aMOK B Marxut- N 
Ne | Yepy- | csosoanom |Has mpo- || ~~ 
COCTOAHHH | HALae- 


Ynpy- 
roctb Mo 





njn | Tomeno | “(a yu) moctp || "/H | Toreao | “(g m) MOCTB 
ec Ni ic es EN a ee 
133 | 1340 17,80 6 167 | 1390 18,80 4 
134 | 1400 17, 10 7 || 168] 1380 17,80 3 
135 | 1370 | 17,60 g {169} 1330 17,60. 8 
136 | 1270 16,80 8 170] 1380 17 ,80 8 
137 | 1320 16,30 5 171 | 1390 19,00 2,5 
138 | 1380 17,80 6 (172 | 1570 19,00 5 
139 | 1320 17,80 8 173 | 1420 19,80 .| 14 
140 | 1320 16,50 5 174 | 1500 15,90 8 
141) | 1270 15,80 9 175 | 1410 19,40 9 
142 | 1820 19,00 10 176 | 1500 18 ,00 7 
143 | 1440 18,20 10 177 | 1450 18,90 8 
144. 1450 17,80 5 178 | 1400 18,80 10 
145 | 1390 18,40 : 2 || 179] 1470 18,10 5 
116 | 1390 17,90 | 5 180 | 1400 19,30 12 
147} 1470 18,10 1 181 | 1550 18,80 8 
148 | 1500 17,50 11 |] 182 | 1490 19,00 10 
149 | 1330 16,00 6 183 | 1480 17,80 10 
150 | 1450 16,80 11 184} 1340 20,60 3 
151 | 1300 17,90 6 185 | 1440 18,10 4 
152 1350 17,80 | 3,5 |] 186 | 1400 18,80 8 
153 | 1515 19,80 | 15,5 || 187| 1300 18,30 5 
154! 1400 18 ,90 5 188 | 1500 18,50 8 
155 | 1500 18 80 9.5 ||} 189 | 1380 | 19,40 9 
156 | 1415 19,00 | 38 190 | 1280 19,60 4 
157 | 1580 19,80 | 8 191 | 1220 17,20 3 
158 | 1510 19,80 15 192 | 1300 16,10 | 6 
159 | 1425 18,80 10 193 | 1540 16,60 10 
160 | 1435 17,50 13 194 | 1390 17,60 14 
161 | 1620 21,60 10 195 | 1480 17,80 10 
162 | 1230 17,80 3 196 | 1340 "9,00 12 
163 | 1460 19,40 8 197 | 1510 18,30 5 
164 | 1410 18,10 10 198 | 1340 20,30 5 
165 | 1420 18,20 8 199 | 1290 18,80 9 
166 | 1510 18,60 6,5 || 200] 1400 16,50 4 
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| Mpuatowenne If 
TABJIHUb! HOPMAJIbBHOFO 3AKOHA PACNPEJEJEHHA 


Taéauya I 
t 


1 
SS ee te 


+4 
1 
Ta6sna 3sHayeHHA by HKMHH Dl) BF dt 
¥ 2n 
—ft 





t @ (ft) t | P (t) | 


— 


t @ (1) | t | P (t) 


| 
0,00 | 0,00080 0,30 | 0,23582 0,60 | 0,45149 0,90 | 0,63188 








01 00798 31 94344 61 45814 91 63718 
02 01596 32 25103 62 46474 92 64243 
03 02393 33 25860 63 47)31 93 64763 
04 03191 34 26614 64 47783 94 65278 
05 03988 35 97366 65 48431 95 65789 
06 04784 36 28115 66 49075 96 66294 
07 05581 37 28862 | 67 49714 97 66795 
08 06376 38 29605 68 50350 98 67291 
09 07171 39 30346 69 50981 99 67783 
0,10 | 0,07966 |} 0,40 | 0,31084 |} 0,70 | 0,51607 1,00 | 0,68269 
11 08759 41 31819 71 52230 01 68750 
12 09552 42 32552 72 52848 02 69227 
13 10343 43 33280 73 53461 03 69699 
14 11134 | 44 34006 74 54070 04 70166 
15 11924 | 45 34729 75 54675 05 70628 
16 12712 46 35448 76 55275 06 71086 
17 13499 | 47 36164 77 55870 07 71538 
18 14285 48 36877 78 56461 08 71986 
19 15069 49 37587 79 57047 09 72429 
0,20 | 0,15852 || 0,50 | 0,38292 || 0,80 | 0,57629 1,10 | 0,72867 
21 16633 51 38995 81 58206 11 73300 
29 17433 52 39694 82 58778 12 73729 
a 18191 53 40389 83 59346 13 74152 
24 18967 54 41080 84 59909 14 74571 
25 1974] 5) 41768 85 60468 15 | 74986 
26 20514 56 42452 86 61021 16 | 75395 
27 21284 57 43132 87 61570 17 | 75800 
28 92052 58 43809 88 62114 18 76200 
29 22818 || 59 4448 | 89 62653 19 76595 
! | | ! 
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IpomoaKkenue 
i en 
t | @ (t) | ot | @ (t) | t | ® (2) t | @ (t) 


a 


1,20 | 0,76986 1,54 | 0,87644 1,88 | 0,98989 |}. 2,22 | 0,97358 





a1 | 77372 55 87886 89 94124 23 97425 
22 | 77754 56 88124 |] 1 99 | 9.94957 24 97491 
93 | 78130 57 88358 5 sisa9 25 97555 
04 | 78502 58 88589 = suétd 26 97618- 
95 | 78870 59 88817 ‘a iene 97 97679 
26 | 79233 || 1 6 | 0.89040 94 94762 28 97739 
27 | 79592 61 89260 95 | 94882 29 | 97798 
28 | 79945 62 89477 96 g5000 || 2,30 | 0,97855: 
29 | 80299 63 89690 97 95116 31 97911 
1,30 | 0,80640 64 89899 98 95230 32 97966 
31 | 80980 65 90106 99 95341 33 98019: 
32 | 81316 66 £0309 |} 9 99 | 9.95450 34 98072 
33 | 81648 67 90508 a sees 35 98123 
34. | 81975 68 $0704 mn nore 36 98172 
35 | 82298 | . 68 90897 a pe 37 98 221 
86.) 82617 | 4 79 | 0,91087 04: 95865 38 98269 
37 | 82031 - aes 76 ee 39 98315 
88 | 83241 72 91457 06 g6v60 || 2,40 | 0,98360 
39 | 83047 73 91€37 07 96155 41 98405: 
1,40 | 0,83849 7h 91814 08 96247 42 98448 
41 | 84146 75 91988 09 96338 43 98490: 
42 | 84439 76 92159 || 9 19 | 0.96497 44 98531 
43 | 84728 77 92397 +] ea 45 98571 
44 | 85013 78 92492 3 akt6 46 98611 
45 | 85294 79 | 92655: mls “eee 47 98649 
46 | 85571 | 1 sq | 0,92814 14 | 96765 48 | 96686 
47 | 85844 a ons * ay 49 98723: 
48 | 86113 82 93124 16 96923 || 2,50 | 0,98758: 
49 | 86378 83 | 93275 17 96999 51 98793: 
1,50 | 0,86639 84 93423 18 97074 52 98826 
51 86696 85 93569 19 97148 58 98859. 
52 | 87149 || 86 93711 || 2,20 | 0,97219 54 98891 
53 | 87398 87 93852 21 97289 55. | 98928: 
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Tponoraxenune 


D (t) 








~ [ool [eof peo[ + [ow 




















2,56 | 0,98953 || 2,90 | 0,99627 | 3,25 | 0,99885 |} 3,60 | 0,99968 
57 | 98983 9] 99639 26 99889 61 99969 
58 | 99012 92 99650 27 99892 62 99971 
59 | 99040 93 99661 28 99896 63 99972 

2.60 | 0.99068 94 99672 29 99900 64 99973 
61 | 99095 95 | 99682]; 3 30 | 0,99903 Bor? ale 
on er 96 99692 a ae 66 99975 
64 | 99171 98 | 99712 33 | 99913 Ob welt 
65 | 99195 99 | 99721 34 | 99916 a SL 
66 | 99219 |i 3,00 | 0,99730 35 99919 || 3,70 | 0,99978 
67 99241 01 99739 36 99922 eS ee 
68 | 99263 02 99747 37 99925 se 
69 | 99285 03 99755 38 99928 is se 

2,70 | 0,99307 04 99763 39 99930 75 99982 
71 | 99397 05 | 99771) 3 49 | 0,99933 1h, ae 

06 99779 77 99984 
72 | 99347 Al 99935 

a aaae 78 99984 
73 99367 42 99937 79 99985 
74 | 99386 08 Bete 43 99940 

09 99800 3.80 | 0,99986 
75 | 99404 44 99942 81 99986 
76 99422 3,10 0.99806 45 | 96944 82 99987 
77. | 99439 i 99813 45 | 99946 83 99987 
78 | 99456 12 99819 47 g9948 || 84 Hoi 
| ( 85 
79 | 99473) 13 99825 48 99060 Ree pt 

2,80 | 0,99489 14 | 99851 39952 || 87 | 99989 
81 | 99505 15 | 99837 0,99953 || 88 | 99990 
Ba cogs. |s SOS Gt, eet a gog55 || 84]. ieeHe 
83 | 99535), 17 | 8451 52 | 99957 || 3,90 | 0, 99990 
s4| gos49) 18 | 99893 |) 53 | 99958 91 | 99991 
s5 | ggs63 | 19 | 9988 5g 99960 92 99991 
86 | 99576 || 3,20 | 0,99863)} 55 | 99951 ae 
87 | 99590 21 99867 56 99963 se 
88 99602 22 99872 | 57 99°64 96 99992 
89 | 99615 23 99876 58 99966 97 99993 

| | 24 99880 59 99967 98 99993 
| | 99 | 99993 
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TaGauya 2 
l aw, 
2 


——e 
V 2« 


Ta6aHna 3HayeHHA dyHkuHH ¢ (¢) = 











0, 3989 3989 | 3989 | 3988 | 3986 | 3984 | 3982 | 3980 | 3977 | 3973 
3970 3955 | 38961 | 3956 | 3951 | 3945 | 3939 | 3932 | 3925 | -918 
3910 3902 | 3894 | 3885 | 3876 | 3867 | 3857 | 3847 | 3836 | 3825 
3814 3802 | 3790 | 3778 | 3765 | 3752 | 3739 | 3726 | 3712 | 3697 
3683 3668 | 3656 | 3637 | 3621 | 3605 | 3589 | 3072 | 3555 | 3538 


3521 3503 | 3485 | 3467 | 3448 | 3429 | 3410 | 3391 | 3372 | 3352 
3332 3312 | 3292 | 3271 | 3251 | 3230 | 3209 | 3187 | 3166 | 3144 
3123 3101 | 3079 | 3056 | 3034 | 3011 | <989 | 2966 | 2943 | 2920 
2897 2874 | 2850 | 2827 | 2803 | 2780 | 2756 | 2732 | 2709 | 2685 
2661 2637 | 2613 | 2589 | 2565 | 2541 | 2516 | 2492 | 2468 | 2444 


= = = - 


= + = 


eceoo ecocoece 
moan Oum PWM 


1,0 | 0,2420 2396 | 2371 | 2347 | 2323 | 2299 | 2275 | 2251 | 2227 | 223 
1,1 2179 2155 | 2131 | 2107 | 2083 | 2059 | 2036 | 2012 | 1989 |} 1965 
1,2 1942 1919 | 1895 | 1872 | 1849 | 1826 } 1804 | 1781 | 1758 | 1736 
1,3 1714 1691 | 1669 | 1647 | 1626 | 1604 | 1582 | 1561 | 1539 | 1518 
1,4 1497 1476 | 1456 | 1435 | 1415 | 1894 | 13874 | 1354 | 1334 | 1315 
1,5 1295 1276 | 1257 | 1238 | 1219 | 1200 | 1182 | 1163 | 1145 | 1127 
1,6 1109 1092 | 1074 | 1057 | 1040 | 1023 | 1006 | €939 | 0973 | 0957 
1,7 0940 0925 | 0909 | 0893 | 0878 | 0863 | 0848 | 0833 | 0818 | 0804 
1,8 0790 0775 | 0761 | 0748 | 0734 | 0721 } 0707 | 0694 | 0681 | 0669 
1,9 0656 0644 | 0632 | 0620 | 0608 | 0596 | 0584 | 0573 | 0362 | 0551 
2,0 | 0,0540 0529 | 0519 | 0508 | 0498 | 0488 | 0478 | 0468 | 0459 | 0449 
2,1 0440 0431 | 0422 | 0413 | 0404 | 0396 | 0387 | 0379 | 0371 | 0333 
2,2 0355 0347 | 0339 | 0332 | 0325 | 0317 | 0310 | 0313 | 0.97 | 0290 
2,3 0283 0277 | 0270 | 0264 | 0258 | 0252 | 0246 | 0241 | 0235 | 0229 
2,4 0224 0219 | 0213 | 0208 | 0203 | 0198 | 0144 | 0189 | 0184 | 0180 
2,5 0175 0171 | 0167 | 0163 | O158 | 0154 | 0154 | 0147 | 0143 | 0139 
2,6 0136 0132 | 0129 | 0126 | 0122 | 0119 | 0116 | 0113 | O110 | 0107 
2d 0104 0101 | 0099 | 0096 | 0U93 | VO91 | 0088 | 0086 | 0084 | 0081 
2,8 0079 0077 | 0075 | 0073 | 0071 | 0069 | F067 | 0065 | 0U63 | OU6I 
2,9 0060 0058 | 0056 | 0055 | 0053 | 0051 | 0050 | 0048 | 0047 | 0046 
3,0 | 0,0044 0043 | 0042 | 0040 | 0939 | 0038 | 0037 | 0036 | 0035 | 0034 
3,1 0033 0032 | 0031 | 00380 | 0029 | 0028 | 0027 | 0026 | W025 | 0025 
3,2 0024 0023 | 0022 | 0022 | 0021 | 0020 | 0020 | 0019 | 0018 | UOI8 
3,3 0017 0017 | +016 | 0016 | COI5 | 0015 | 0014 | 0014 | 0013 | 0013 
3,4 0012 0012 | 0012 | 0011 | 001) | 0010 | 0010 | 0010 | 00U9 | O009 
3,5 0009 0008 | 0008 | 0008 | 0008 | 0007 | 0C07 | 0007 | 0007 | 0006 
3,6 0006 0006 | 0006 | 0005 | 0005 | 0005 | 0005 | 0005 | 0005 | 0004 
3.7 0004 (.004 | 0004 | 0004 | 0004 | 0004 | 0003 | 0003 | 0003 | C003 
3,8 0003 0003 | 0003 | 0003 | 0003 | 0002 | OV02 | 0002 | 002 | 0002 
3,9 0002 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 0002 | 000! | 0001 
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Se basdentqyrrieade-aypra~tiiedintren-eatienenasemeieereicre eamenoa soe mace Meee 8 
oO TL kA a eh ie a rete firth fs 4, Se 


CERTAIN WORKS IN THE SPHERE OF COMPUTING TECHNIQUE 


One of the principal works carried out by the Institute is the high 
Speed computer (BESM) on which I and my collaborators have already re- 
ported at a number of conferences, 

I wish to recall certain basic parameters of the machine. 

The BESM is a digital electronic machine for the solution of labo- 
rious problems in physics, mechanics, astronomy, engineering, etc. In 
designing the machine emphasis was laid on convenience of programming 
and simplicity of operation. 

A binyry number system with a floating point was selected. Calcu’a- 
tions are made, as a rule, with normalized numbers. The mantissa of 
the number is represented by 32 binary positions; then, there is one po- 
Sition for the sign of the number, 5 positions for the characteristic of 
the number and one position for the Sign of the characteristic. 

The machine has a three-address System. The code of each address 
consists of 11 bits, the operation part -- of 5 bits, and the sixth opere- 
tion position is for result normalization interlocking. Thus, provision has 
been made in the machine for 31 instructions. 

The standard cycle of the machine includes selection of two numbers 
from the memory, carrying the predetermined operation with these nume 
bers, sending the result to the memory and selection of a new instruction 
from the memory. This cycle takes 77 microsecs, 

Addition and subtraction are carried out in 77 to 182 microsecs , depenc- 
ing on the necessity of equalizing characteristics or normalizing results 
Multiplication takes 270 microsecs, and division 288 microsecs, 


-~ 3 - 
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When solving complex problems on the machine, the average poe 
speed is from 7,000 to 8,000 three-address en per second includ- 
ing reference to the magnetic drum and the magnetic tapes. | 

All operations are carried out by a single universal parallel action 

j ts 
peumegenerane tubes are employed for the memory. The capacity 
of the memory is 1023 numbers. 

In order to extend the sphere of solvable problems to include such as 
require large storage capacities, the machine is provided with a magnet- 
‘ec drum and a magnetic tape storage devices. 

The magnetic drum has a capacity of 5120 numbers. 

The magnetic tape storage consists of 4 series action magnetophones. 
One tape can hold an order of 30,000 numbers, making a total of about 


120,000 numbers for the 4 magnetophones. 





4, 
un, 


" ames te 


The numbers and instructions are put into the machine from a punched 
tape in the form of a series code. The reading rate is 20 numbers per se= 


cond. | 
The results of the calculations are withdrawn from the machine by re 


cording on magnetic tape and then printed on a motion picture film inde- 


a) 
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pendently, on a special photoprinting device. The printing device works at. 
a rate of 200 numbers per second. 

Besides the above photoprinting unit there is an electromechanical print- 
ing unit, controlled directly by the machine. The printing rate is 1.5 num- 
bers per second. This printing unit is used when the materia] to be with- 
drawn is small in volume compared to the Calculations, and to print con- 
trol values for checking the progress of the calculations. 

The general view of the machine is shown on Fig.l. The BESM has 
been in operation since 1952. 

The machine operates 24 hours per day, part of the time being spent 
on checking. The useful operating time of the machine is 72 per cent, the 
time spent on checking is 20 per cent, and error losses total] eight per 
cent. 

During the time of the operation the machine has solved many laborious 
and complex mathematical problems in various fields of science and tech- 
nology, as well as certain logical problems, for instance experiments in 
translation of scientific texts from English into Russian. 

The Institute conducts further work in elaborating the principles of de- 
Signing electronic computers and creating more perfect units. I shal] dwell 
on some of these works. 


A dynamic trigger circuit with an accumulating capacitor has been work- 
ed out for the temporary storage of codes in separate units of the machine 
(suggested by Master of Science P. P. Golovistikov). The circuit of the dy- 


namic trigger and the diagram of operation are Shown on Figs.2 and 3. 

When the trigger state corresponds to code "©", there is a big nega- 
tive voltage on the grid of the valve which is backed up by the bias vol- 
tage (-Vu,y) coupled with the grid by the resistance Ro. The valve is re- 
liably closed and the Synchronising pulses (rv) applied to the cathode do 
not pass through the valve. The bias value (-\,,) and the ry pulse ampli- 
tude are selected so that when the cathode voltage decreases at the expen= 
se of the rv pulses, the grid voltage with relation to the cathode would 
not surpass the cut-off voltage of the valve. When the trigger is in this 
State there would be no pulses on the output winding of the transformer 
which corresponds to code "OM, 


ae 
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When a positive pulse is applied to the input Y"I" the capacitance "C" 
is charged through the D"I"’ diode to -10v. The winding of the transformer 
which gives the Y"I" pulse is coupled with the base voltage -Vemso that 


Va 


U bor. 
NK 7p 














Dp } -Uem 


~Uen -106 


Fig. 2. 1) The scheme of the triode dynamic trigger, 2) output. 


there would be no charging of the capacitance through diode D"I" when the 
trigger is in a state corresponding to code "O", Therefore the Y"I" pulse 
begins the voltage equalling -Voy-The surpassing of the Y"I" signal over 
and above -10v will entail only a short time increase in voltage on the ca- 
pacitance "C" since the excessive voltage is discharged through the DOr 
diode which is coupled through the winding of the transformer which creates 


ee 
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the Y"O" singal with the reference voltage, ~-10v. Thus, after the passage 
of the Y"I" pulse the voltage on the valve grid will be -10v. The capa-= 

citance "C" maintaining this voltage will be gradually discharging through 
Ro resistance, The time constant is taken sufficiently great so that in the 


QO 


~-0b— — — Sa 





Fig.3. The diagram of the dynamic trigger operation. 


time between the two synchronising pulses, the capacitor discharge was in- 
Significant. When the grid voltage is in the order of -10v the decrease in 
the cathode voltage, at the expense of the synchronising impulses (TY 
Opens the valve and the synchronising impulses pass through it and the 
output transformer (T_). Pulses arriving to the external circuit appear on 
the outer winding of the transformer. From the other winding of the trans- 
former, positive pulses are applied to the valve grid through the resist- 
ance R, and the diode Do. These pulses maintain the Charge of the capacit~ 
ance. l'he winding is coupled to the reference voltage ~u,s SO that when 
the trigger state corresponds to code "O" there would be no charging of 
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the capacitance through the Do diode. The surpassing of the voltage on 


the grid over and above -10v is taken off by the D"O" diode just as at 
the operation of the Y"I' signal. Thanks to the sub-charging of the ca- 
pacitor, the given trigger state may be maintained indefinitely. 

To switch the trigger into a state corresponding to "O" code, a nega 
tive pulse is supplied to the Y"O" input. This pulse discharges the "C" 
capacitance through the D"O" diode to a voltage equalling Vem-.The sur- 
plus capacitor discharge below the -Vem voltage is taken up by a subcharge 
through the D"I" and D'2" diodes which are coupled with the reference 
voltage Voy by corresponding windings of the transformers. 

Besides this circuit, we have worked out a series of its modifications. 

The dynamic trigger circuits with a storage capacitor have a number 
of important advantages compared with the trigger circuits with potential 
couplings. .The most important ones are the following. 

The circuits are very simple and operate on a coarse amplifier prin- 
ciple. They have a sufficiently high input resistance and a very low output 
resistance, which helps to bring them into agreement with simple logical 
circuits on the diodes. 

The circuits operate on one valve only and do not present particularly 
great demands for the spread of its parameters and also for the spread 
of the values of the parameter's details. 

Since the circuit operates in a voltage pulse condition with a great 
duty-ratio it is not difficult to obtain, with a small supply power expendi-~ 
ture, output signals with great front slopes and consequently a greater 
speed of circuits on small power, economic receiving-amplifying valves. 

Compared with the known circuits of delay line dynamic triggers, or 
the elements of the type that were employed in the IBM-701 machine, the 
circuits worked out by us are favourably distinguished by the fact that 
they permit to perform a number of operations non-synchronically with 
synchronising pulses. In the main this is determined by the fact that the 
voltage on the dynamic trigger accumulating capacity may be employed to 
control the pulse-potential gate. Thanks to this the high speed of the dy- 
namic triggers is determined not by the synchronising pulse frequency, 
but by the duration signals setting the NO" end “thesis 
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Fig.4 gives an example of a Simplified adder circuit with employment 
of dynamic triggers. The withdrawal of the code is performed simulta- 
neously with the Synchronising pulses (TV). When the trigger is in an "OQ" 
code state there would be no signal on its output and the non=coincidence 
gate (1) will be Open while the coincidence gate (3) will be closed. The co- 
de signal will arrive to the y"I" input and will set the trigger into the "I" 
code position. If the trigger was in the "I" eode position, its outgoing siq- 
nal would close the non=coincidence gate (1) and Open the coincidence ay 
te (3). The code Signal will come to the y"o" input and will set the ne - 
ger into the "O" code position. Besides the signal will be applied rise 
the delay line (3) to the ripple=through Carry unit. " 


The impulse will pass via the above unit through the impulse=potential 
gates (4) which are controlled by the trigger accumulating capacitor ‘ediee 
When the trigger is in a state of "I" code the through carry pulse Ss - 
through the gate (4), is applied to the next position and saaaeas me 
Overrun position into a state of "oO" code. If the trigger is in a State of "O" 
code then the ripple-through carry pulse will not pass through the gate 
(4), the signal will be absent on its output, the non-coincidence gate (2) 

Will be open and the ripple-through carry pulse will be applied to the 
Y"I" input of the trigger establishing it into the state of code "J", 


To increase the Speed of modern computers the multiplication time is 
of great importance. Our Institute has worked out a number of meth 
reducing the multiplication time. I Shall dwell on one of them pi as 
by senior engineer, V.S. Burtsev), According to this method the a ; 
Supplied not by all the positions of the multiplicand at once on — 
adding tact, but in Succession beginning with the first one a 


The difference in the time of Supplying two neighbouring positions equals 
the delay time in the ripple-through carry gate of one position. At the same 
time the partial product shift on the adder begins without waiting for the 
reception of the result of adding of all positions, immediately upon the for- 
mation of the result in the second position of the adder. Similarly to 
the adding, this shift is performed in turns, one position after another be- 
ginning with the smallest. | 
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Fig. 4, 1) Simplified circuit of the adder; 2) code. 
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Under such a regime of adding it proved to be possible to avoid two 
Operations of the adder trigger per one adding tact. The time of one add- 
ing tact in this case is determined: 1. By the transfer time from the first. 


position to the second - 2, and 2. By the operational time of the second 
position of the adder - Tj: Using a single tact circuit shift and one operas 
tion of the basic element per one shift will give us the multiplication time 
as being equal to 


T | 
oo oa + T,) N + Oe ne Tee 


In the usual multiplication circuit, the multiplication time will be 


t (T, + OT, )N + QT, 


lt 
In these formulas: se 


N is the number of binary positions; 
Tg the adder's trigger operation time; 
T, the ripple-through carry maximum time. 

Fig, o shows the circuit of an arithmetic unit performing step=by=step 
adding with a single trigger operation. 

Here the principle of Operation is as follows: Supplying the code to the 
adder of every position is conducted by individual control lines rere: Cr 
which are tappings of the delay line, its length being ‘Tn. The second opera~- 
tion of the base element is avoided by closing its input by means of an 
“pulse=no pulse" circuit in case of coincidence of the code and carry pulses, 

Fig.6 shows a circuit Quaranteging a consequent shift of positions with 
a Single operation of the trigger. 

The circuit employs the same sequence shift principle as in adding. 

The double operation of the trigger is non-existent thanks to the elimina-~ 
tion of the Y"O" chain during the shift and the introduction of a paraphase 
carry chain, 

Conmibining this method with others worked out by the Institute, the 
multiplication time may be Substantially reduced without any noticeable 
increase in the instruments. | 

the Institute followed a new line in working out a memory made up of 
ferrite cores with a rectangular hysteresis loop. Instead of a usual matrix 
cystem we have worked out a system which we style as "7 type" (suggested 
by Prof. L.I.,Gutenmacher). In this system the ampere-windings of the read 
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Fig. 9. 1) 5th position; 2) 4th position; 3) carry; 4) carry from the third 


position. 


| I see pd det x 
7 





CGea I pow JIM SEUF 


3JOe1l : 


Fig.6. 1) Shift. 
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off are applied simultaneously to all the positions of one number selected 
at a given moment. Apparently, in such units it is necessary to provide 
an individual gate for every number. These gates are executed in the form 
OI coordinate transformers. | 

Let us analyse the circuit of number selection of the 16=number Z=ty= 
pe memory shown on Fig.7. Here the registers PA, and | PAL and accor- 


Yeiie Mucnobaa sumetka 





Fig. 7. 1) Digit line, 


dingly the D,and D, decoders are employed for the transforming of the — 
binary code address into current pulses along the selected wires, in the 
direction of X and Y. A common winding passes through all the coordi- 
nate transformers. The direct current flowing through this winding creates 
the magnetising ampere-windings, aw, and thereby determines the operation 
point A. Thus every coordinate transformer is a. gate which operates at a 
coincidence of the. aw, and aWy ampere-windings. When the address code is 
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applied, the Dx and Dy, decoders excite one wire each and on their in- 
tersection is a single selected gate which forms the current pulse for 
the memory cores of the given number in its output winding. 

Those coordinate transformers which are influenced only by the aw, or 
aw ampere-windings (we shall style them half-selected) will supply to 
their digit lines the disturbance current caused by the deflection of the 
hysteresis loopshape from that of rectangular. 

To eliminate the disturbance currents from the half-selected transfor- 
mers we use a disturbance compensation method worked out by professor 
L. 1. Guttenmacher, which employs an additional compensation trans- 
former. Fig.8 shows a circuit of a coordinate transformer helping to 
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understand the idea of this method. Two cores, working and compensat-~ 
ing, have four windings each. ‘The windings w, and Wo of each core are 
coupled uniformly and serve for selection of the coordinate transformer. 
The windings of Wg are coupled in a counterphase and the permanent bias 
current flows through them determining the working points of both co- 
res, The output windings are also coupled into the counterphase. bi 
affecting the coordinate transformer of the ampere=windings, only on one 
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coordinate on the output winding of the half-selected transformer there 
appears a signal equal to the signal difference of the working and the 
compensation cores. Now, if we select the winding data and the working 
points of both cores in an appropriate way, the difference of signals on 


the output of the half-selected coordinate transformer may be made very 
Small and the disturbance would be practically eliminated. 


Every coordinate transformer serves a line of memory cores (Fig, 9). 
It is known that the resistance offered by the core to the current which 
flows through its windings, changes depending on the remagnetizing or not 
of the core. 


8B 8 
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Fig. 9. | 


Therefore, the problem of Stabilising the current which comes from 
the coordinate transformer into the digit line arises in the units of the 7 
type. 

This problem was solved by two cores for every position - a worke- 
ing core and a stabilising one. During the read-off in any position one 
core is remagnetizing ina major cycle, while the other core, in a minor 
cycle maintaining the load stability. 

The scheme of one memory line and the diagram of its operation are 
Shown on Fig.10. Every pair of cores besides the Winding z has another 
two absolutely indentical windings. One of these Windings serves for writ- 
ing the codes into the given position, while the other is used as a readout. 
Both windings are common for all the memory cores in the given position. 
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The coordinate transformer supplies to its line two half waves of the 
To and Lo currents. (Up to now we have been considering only the first 
half wave). The L,, current has a big amplitude and performs the switch- 
ing of one of the cores of the pair, i.e. the readout. The Lo current is 
of a different polarity than the 1 a1 and is used for writing together with 
the current flowing through the write winding. 

In order to perform the writing of the "Tl" code, a positive current 
pulse is applied on the write winding simultaneously with the Io current, 
For writing the "O" code it is necessary to supply a negative polarity 
pulse current through the write winding, Let us consider the diagram 
shown on Fig.10. It presents the sequence of the writing and readout 
currents. 

After the Tt pulse current at a moment ty the first core will be ina 
state of "O" while the second, in the state of "I". Ata time moment to, 
together with the I9 current both cores are affected by the writing code 
"IT" current (on Fig. 10 it is etched). 

Its polarity is such that its absolute value will add up with the I 19 


current in the first core and will perform the writing of the "I" code in 
the first core. In the second core the writing current "I" will be sub- 
tracted from the I 22 current and the summed ampere-windings will be 
unable to change the state of the second core. If it is considered that dur- 
ing the switching from the "O" state into the "I" state every core induces 
a positive polarity EMF then during the writing "I" the first core will 
give a big positive pulse and the second, a small negative pulse. The sum 
of the EMF's of both cores will ensure a big positive pulse on the output 
winding. During the next reading at a time moment t, there will be a 
switching of the first core from the tT" state into the "O" state, while the 
second core will not change its "I" state. At this time the first core will 
give out a big negative signal while the second core will give out a small 
positive signal. As a result there will appear a big negative pulse on the 
output. During the writing of the "O" code during a time moment ty, the 
pulse current of the "O" writing will have a negative polarity and will be 
subtracted from the T9 current of the first core. The summed ampere- 
-windings in this process will be unable to change the magnetic state of 
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the first core while their summed ampere windings of the second core will 
transfer it into the "O" state. Apparently a big negative pulse will appear 
then at the output winding. Finally, in the readout of the "O" code the 
first core will not change its state, while the second will take the state 

of "I", At this moment there will appear a big positive pulse on the output. 
Regarding the pulse table on Fig.10, we see one of the most peculiar 
features of the given system, namely: the reading signals of the "I" code 
differ from the reading signals of the "O" code not by the amplitude, as 
is the case of matrix systems but by the sign. 

As distinct from the matrix systems where the reliability of the readout 
is determined by the ratio she ae in the given system the problem 

non max 
of readout is solved in a very Simple manner. To bring this about it is 
Sufficient to render the output chains sensitive to the pulses of only one 
polarity. It is easy to notice that the second core, besides the stabilisa- 
tion load, performs in this case the disturbance compensation in reading 
out "O" which appears in the matrix circuits of the memory units with the 
utilisation of one core only. 

The worked out system favourably differs from the usual matrix cir- 
cuits by smaller requirements for the characteristics of the ferrite cores 
and their identity, and it does not require great stabilisation of the readout 
signals. The reliability of the operation improves greatly thanks to the 
absence of disturbances during the reading, a great selection Speed and a 
greater amplitude of the output Signal. 

The memory of such a type for 1023 numbers is manufactured by the 
Institute and is adjusted as such. At present its adjustment is being made 
in operation jointly with the BESM, as a high speed operational memory. 

The photoprinter employed in the BESM for the withdrawing of the 
obtained results at a rate of 200 numbers per second, has proved to be 
a reliable and highly efficient unit. Many millions of figures have been 
printed by it. However, the devélopment of the film and the printing on 
paper delay the obtaining of the results which creates certain hindrances in 
the operation. Therefore the Institute is developing an electromechanical 
printing machine with a high Operational speed. 
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Fig.10. 1) Writing; 2) readout; 3) voltage. 
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Fig.12. The electromechanica] printing machine. 
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Fig. 11 shows the méchanical scheme of this machine. The motor M 
with a speed of 20 revolutions per second rotates the printing drum B on 
the circumference of which there are digits from 0 to lo for every po~ 
sition, On the same axis there is mounted a cup=-shape commutator K with 
holes corresponding to the digits from O to 15 in the binary system. 

Before the drum, the supplying mechanism pulls up the paper and the 
carbon of the same size in a start-stop method. The lamp JI lights tne 
germanium photo-diodes FD at a moment when the holes in the commuta- 
tor and the corresponding lines of digits on the printing drum come to 
the keys. The photo-diodes send the impulses of the code of the digits 
and the synchronising impulses to the electron circuit. The high speed 
solenoids C, which are controlled by the electronic circuit put in motion 
the keys which hit through the carbon on the paper and print the corres- 
ponding digits. 

One third part of the printing drum is not occupied by digits. While 
the unoccupied by digits part of the drum B passes, the paper and 
the carbon are supplied one step forward by the controlled machanism. 


In the time of one turn all the digits of one number are printed (the paper 
is motionless) and one step is made by the paper and the carbon (there 


is no printing this time). At present a sample of such a machine (Fig. 12) 
is being checked in joint operation with the BESM. Fig. 13 shows a sample 
of number printing on this machine at a rete of 20 lines per second. 
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Fig. 13. A sample of printing done by the machine. 


Besides the works presented in this report, the Institute conducts a 
number of other researches and experiments directed towards a further 
development of the computating technique and its application. 
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